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Summary
The value of molecular techniques in providing diagnostic
clarification in human lymphoid neoplasms (malignant
lymphomas), was investigated in comparison to

conventional methods.

Gene probe analysis (Southern blotting) and
immunophenotyping were compared on biopsied tissues and
peripheral blood of patients suspected of lymphoma. In
the vast majority of B-cell lymphoma cases, gene
rearrangement studies did not provide any additional
clinically relevant information, but merely confirmed
what was apparent from less costly and time consuming
methods. Cases in which gene studies were required were
uncommon, but included the heterogeneocus and ill-defined
T-cell lymphoproliferative disorders. As there is a lack
of a specific phenotypic marker of malignancy in these T-
cell neoplasms, gene probing provided the only definitive
investigation of demonstrating clonal restrictions, and
was found to be successful even on peripheral blood in

lymphopenic patients.

The technique of in-situ hybridization was used to
differentiate monoclonal from polyclonal B-cell
neoplasms, and was applied to routine bone marrow
trephines to permit identification of light chain mRNA in
suspected myeloma patients. In situ hybridization was
found to be rapid, sensitive and specific for

demonstration of light chain mRNA expression in plasma



~

cell malignancies. The hybridization signal was
optimised by an acid fixation and decalcification of the
trephine, and by varying Proteinase K concentration.
Cell morphology was well preserved and the resolution of
this technique was high, with few problems of non-
specific stain uptake seen in immunocytochemical
conventional methods. 1In situ hybridization can be
modified to detect any target cellular nucleic acid

sequence, after synthesis of an appropriate probe.

Finally, the novel and powerful amplification technique
o
of Qlymerase chain reaction (PCR) was investigated in B-
cell lymphoma cases. Consistent and reproducible
amplification was critically dependent on many variables
including the assay conditions, the quality of Taqg
polymerase enzyme and the hybridization times and
temperatures. However, false negative and of more
concern false positive reactions still occurred. The
exquisite sensitivity of PCR may not always be an
advantage in clinical situations, and amplification of
trace amounts of contaminants may become problematical.
To be successful, PCR requires scrupulous technique and

rigourous controls.

PCR was shown to be potentially highly sensitive, and
specific at distinguishing clonal from polyclonal B-cells

and in detecting occult or minimal residual disease.



CHAPTER 1. SETTING THE SCENE.

1.1. INTRODUCTION.

Malignant lymphomas are an important group of
neoplastic disorders, of world-wide prevalence and

affecting all age groups.

The lymphomas are all potentially curable, unlike the
vast majority of other cancers. Hence the aim of
research has been to categorize and classify these
tumours accurately, with a view to identifying
aetiological factors, ascribing pathogenesis and then
proposing specific curative treatments for individual
malignancies. In attempting to understand events in
oncogenesis and the cell biology of normal and
neoplastic clones, blood lymphocytes, whether reactive
or malignant are eminently amenable for research and
most laboratories have investigated procedures whereby
all lymph nodes are sent fresh and unfixed for
examination. As a result, this past decade has seen
major advances in lymphoma research, both in terms of
improved diagnosis and better prospects of cure for

patients.

In many cases, diagnosis is readily apparent on the
basis of well established clinical and morphological

criteria. The mainstay of diagnosis still rests on



microscopic evaluation of routine processed sections of
surgical biopsies by an experienced pathologist, aided

by special stains and immunocytochemistry.

However, diagnostic difficulties are common, and in
recent years immunophenotyping on cryostat sections of
unfixed biopsies has been widely used as an additional
procedure. The characterisation of lymphoid
malignancies by immunophenotyping methods is based
firstly upon the demonstration of a monoclonal origin
of tumours cells and secondly the expression of surface
and cytoplasmic antigens characteristic of their

lineage and differentiation stage.

Immunophenotyping too, has been shown to have
limitations in lymphoma diagnosis. For example, the
lack of a specific marker for T-cell monoclonality, and
the failure to detect B-cell clonal populations, when
these tumours fail to alter the overall immunoglobulin
kappa/lambda ratios remains problematical. With the
advent of DNA recombinant techniques, demonstration of
monoclonality within a lymphoid population became
possible, by detection of rearrangement of several
genes which contribute to the cells' antigen-specific
receptors. Recently, developments in molecular
techniques have had a tremendous impact and bearing in

the diagnosis of malignant lymphomas.



1.2 The aims of this project were:-

1. To assess the value of molecular techniques in
providing diagnostic clarification in human lymphoid

malignancies (malignant lymphomas).

2. To evaluate the relative merits (including
sensitivity and specificity) of molecular techniques in
comparison to conventional histological,

immunohistological and immunophenotyping methodologies.

3. To assess the feasibility of employing molecular
methods as part of a routine diagnostic work-up in

suspected lymphoma cases.



1.3 THE MALIGNANT LYMPHOMAS.

The malignant lymphomas comprise a heterogeneous group
of neoplastic lymphoproliferative disorders.
Classically, Hodgkin's disease (HD) is separated from
the other non-Hodgkin's lymphomas (NHL), on
characteristic histological features, including the

presence of multinucleated Reed-Sternberg cells.

1.3.1 EPIDEMIOLOGY.

The lymphoid malignancies occur throughout the world,
but in relation to other cancers are uncommon.

However, prevalence studies and data collection have
been hampered firstly by a lack of clear definitions
of the biological boundaries of each disease group, and
secondly by the variations in nomenclature over the
years. The majority of international statistics are
based on the ninth edition of the International
Classification of Diseases (ICD) criteria (WHO 1977).
This incorporated the Rye classification for HD, but
divided the NHL into reticulum cell sarcoma &
lymphosarcoma and other lymphomas (including malignant
histiocytosis). 1In the UK the BNLI system (Bennett et
al., 1974) has been followed by some workers. Despite
introduction of lymphoma panels in the UK in an attempt
at achieving consensus, a small but significant group
of cases in HD and NHL could not be assigned. Cases

misclassified by individual pathologists were also



apparent (Bird et al., 1984). Recently, an
immunocytochemical study has shown 80% of
"undifferentiated cancer" cases to be of lymphoid

origin.

In England & Wales cancer incidence data have been
derived from national cancer registration schemes.
These data are of limited value in the case of
malignant lymphomas, as the disease categories are
based upon ICD criteria, diagnostic accuracy is poor
(Bird et al., 1984) and reliability of registry data is
suspect (Barnes et al., 1986). Bearing these
reservations in mind, general epidemiological
information on the lymphoid malignancies can still be

obtained from this data base.

The prevalence rates for HD per 100,000 population are
3.1 (male) and 2.0 (female) for all age groups (OPCS
1978-85). MacMahon (1966) was first to note the
bimodal age distribution. In developing countries, the
age-specific incidence is increased in childhood,
whereas in affluent countries this peak occurs later in
young adults (25-34 years) and is dependent on the
level of economic development of a country (Correa &
O'Conor, 1971). In addition HD shows an increased

incidence in higher socio-economic groups. This is



consistent with the hypothesis that HD develops as a
rare consequence of a common childhood infectiocn,
occurring later in this group (Gutensohn & Shapiro,
1982). This social class difference in HD prevalence
disappears in the over 55 year age group (Gutensohn,

1982).

The prevalence rates for NHL vary between 7-10/100,000
population for both sexes. The rates are much less for
developing countries, where NHL tends to be rare in
childhood and young adults. Exceptions are Burkitt's
lymphoma in West Africa (Williams & Bamgboye, 1983),
and both HD and NHL in the Middle East (Omar et al.,
1985). Lymphomas remain uncommon in South & South-East

Asia (O'Conor, 1984).

Certain racial groups have an increased incidence of
malignant lymphomas, for example, the Japanese,

American Blacks, and Jews.

There is a slight male preponderance in all lymphomas.
For NHL the ratios are 1.1-1.3:1 for any disease type
or age group. A wider scatter in seen for HD (1.1-
2.7:1) particularly marked in middle age and childhood

cases, and lymphocyte predominant subtype.



There has been an apparent increase in HD incidence in
the over 65 year age group, probably related to more
comprehensive investigations performed now on the
elderly. An increase in NHL in the over 30 year age
group is related to a real increase in follicular

lymphoma cases.

1.3.2. AETIOLOGY AND PATHOGENESIS.

No single aetiological agent has been identified, and
the process of human lymphoid malignancy is considered
complex and multifactorial. Three separate factors are
considered important, namely genetic susceptibility,

infectious agents and disturbance of the immune system.

HODGKIN'S DISEASE

The genetic link is suggested by male preponderance,
increased incidence in Jews and cases of familial
aggregation. There is some evidence that a HLA linked
gene is associated. An infectious agent is suggested
by the bimodal age peaks of HD, evidence that HD may be
two different diseases with the first peak caused by an
infectious agent. Viruses have been implicated, as EBV
capsid antigen have been found in greater proportion in
HD cases than a control population (Evans & Gutensohn,

1984). The viral link however, may not be easily



corroborated, as opportunistic organisms such as
viruses tend to colonize immunosuppressed patients for
whatever reason (malignancy, drugs etc.). The evidence
for altered immunity comes from higher incidence of
atopic dermatitis and eczema in HD cases (Winkleman &
Rajka, 1982). Certain occupations involving wood dust

(Greene et al., 1978) may be causally linked.

NON-HODGKIN'S LYMPHOMA

The genetic link is suggested by male preponderance,
increased incidence in Jews and familial aggregation.
No HLA linked susceptibility gene has been identified.
Further evidence is suggested by predisposing disease
states which have a genetic basis, such as Ataxia
telangiectasia and combined immune deficiency syndrome

(Frizzera et al., 1980).

The link with viruses is stronger than in HD. EBV is
causally linked to Burkitt's lymphoma (Geser et al.,
1982), human T-cell leukaemia/lymphoma virus type I
(HTLV-I) with Adult T-cell lymphoma (Wong-Staal &
Gallo, 1985) endemic in Japan and the Caribbean
(Blattner et al., 1983). HTLV-I positive lymphoma
cases have also been found in UK immigrants from the
Caribbean (Greaves et al., 1984). The human
immunodeficiency virus (HIV) is associated with

aggressive lymphomas. Aberrant immunity may be a



common factor in rheumatoid arthritis, coeliac disease
and hypogammaglobulinaemia; and the development of
lymphomas, usually immunoblastic or high grade (Kinlen
et al., 1985). Renal transplant recipients have a 60-
fold increased incidence of lymphomas (Kinlen et al.,
1979), as do patients on immunosuppressive drugs

(Kinlen, 1985).

Evidence of a radiation link comes from atomic bomb
survivors (Kato & Schull, 1982) and studies on a cohort
of ankylosing spondylitics who had received radiation

treatment (Smith & Doll, 1982).

Patients with immune deficiency have a much increased
susceptibility to develop lymphoid malignancies. This
underlines the role of immune surveillance by the
lymphoid organs in the prevention of
lymphoproliferative disorders. The immune deficiency
may be inherited, (Ataxia-telangiectasia, Wiskott-
Aldrich syndrome, severe combined immune deficiency
disease) or acquired secondary to immunosuppressive
therapy for organ transplantation, malignant or non-
malignant (e.g. Rheumatoid arthritis) disease.
Patients with Acquired Immune deficiency syndrome
(AIDS) too have an increased risk of developing

malignant disease (Kaposi's sarcoma and NHL).
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1.3.3. THE CLASSIFICATION OF HUMAN LYMPHOID NEOPLASIA.
The classification of human lymphoid malignancy is
highly complex. Efforts have been made to relate the
malignant cell to normal stages of ontogeny. With
modern techniques of immunophenotyping and
immunogenetics, major advances have been possible in

understanding the biology of malignant change.

THE NON-HODGKIN'S LYMPHOMAS.

Substantial progress has been made in the
classification of the NHL with the majority ascribed a
B or T-cell lineage. The most modern classifications
are Lukes & Collins (1975, 1977), Kiel (Gerard-
Marchant, 1974; Stansfield et al, 1988) and the Working
formulation (Rosenberg et al., 1982). However, none of
these appear fully adequate, need to be continually
revised. Each has a group of miscellaneous lymphomas,

which require further categorisation.

The value of detailed histological subtyping is
variable. For the lymphoblastic lymphomas (B & T-
cell), accurate identification is important since this
influences outcome and response to treatment. It is
also worthwhile to type distinct clinicopathological
entities for example mycosis fungoides and hairy cell

leukaemia. Other lymphomas are important for



11

epidemiological reasons, such as Burkitt's lymphoma and
adult T-cell lymphoma/leukaemia. But for the majority
of lymphomas precise histological typing may be of

limited clinical value at present.

The Rappaport classification (1966) has been widely
used for many years and has been shown to have clinical
applicability (Table 1.1). 1Its major disadvantage 1is
the use of the term "histiocytic" for large cell
lymphomas of lymphoid origin, as only a small number
are truly histiocytic. Furthermore the terms 'poorly'
and 'well differentiated' to describe lymphocytes and
concepts of growth pattern (nodular/diffuse) are

unfortunate and may be misleading.

To overcome these difficulties newer classifications
were proposed, in keeping with contemporary concepts in
cell biology. The Kiel classification has been
favoufed as it is up to date and divides tumours into
therapeutically important low grade and high grade
groups. The malignant cells in high grade tumours are
analogous to blast cells, whereas in low grade
lymphomas, the malignant cell is related to effector
cells of the lymphoid system (i.e. lymphocytes, plasma
cells and lymphoplasmacytoid cells) and cells of
intermediate maturity. Recently, attempts have been

made for a consensus in the classification of lymphomas



12

Table 1.1: R r 1 ifi i f Non-H kin'
Lymphomas

{ Lymphocytic well differentiated }

E Lymphocytic poorly differentiated i
Nodular } iDiffuse

} Mixed (Lymphoctyic-histiocytic) ;

{ Histiocytic }

{ Undifferentiated) }

(Lennert, 1983; Rosenberg, 1982), with the Working
Formulation gaining some acceptance (Table 1.2). For
this project a modified and recently updated Kiel
classification (Stansfield et al, 1988) has been used

(Table 1.3) as the basis of lymphoma classification.
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Table 1.2: An lin f the Worki formulation

classification,

Low Grade

ML : Small lymphocytic

ML : Follicular small cell

ML : Follicular mixed cell
ntermedi r

ML : Follicular large cell

ML : Diffuse small cell

ML : Diffuse mixed cell

ML : Diffuse large cell
High Grade

ML : Large cell immunoblastic

ML : Lymphoblastic

ML : Small cell Burkitt's
Miscellaneous

Composite

Mycosis fungoides

Histocytic

Extramedullary plasmacytoma

Unclassifiable

Other
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Table 1.3 Updated Kiel Classification

B Cell I Cell

Low Grade Low Grade

Lymphocytic Lymphocytic

Hairy Cell Leukaemia Small cerebriform cell
Lymphoblastic/cytoid Lymphoepitheliod

(Lennerts')
Plasmacytic ATILD

CB/CC - Follicular * diffuse T-zone

- diffuse Pleomorphic, small cell

High Grade High Grade
Centroblastic Plemorphic, medium
Immunoblastic and large cell
Large cell anaplastic Immunoblastic
Burkitt's lymphoma Large cell

anaplastic
Lymphoblastic Lymphoblastic

Rare Types Rare types
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LOW GRADE B-CELL LYMPHOMAS

a). LYMPHOCYTIC.

This is equivalent to Chronic Lymphatic Leukaemia, with
choice of term depending on distribution of disease.
The tumour consists of small round lymphocytes,
morphologically identical to mature lymphocytes, which
diffusely and non-destructively infiltrate nodes
leaving the capsule intact. Poorly defined
proliferation centres (pseudofollicular zones) may
occur containing a small number of blast cells
surrounded by prolymphocytes, but no centrocytes (cf.
follicular lymphomas). In about 3% of cases,
transformation to a large cell lymphoma occurs so

called Richter's syndrome (Armitage et al., 1978).

b). HAIRY CELL LEUKAEMIA.

This is a distinct clinicopathological entity affecting
predominantly middle aged males ( Burke et al., 1974;
Catovsky et al., 1974). The cells have a monotonous
appearance, with small round or oval nuclei and
abundant clear cytoplasm and commonly infiltrate bone
marrow, liver and spleen. The cytoplasmic hairy
projections can be visualised by Romaqégsky's stain on
peripheral blood or by electron microscopy. Hairy

cells exhibit tartrate resistant acid phosphatase

activity. Marrow infiltration is associated with
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reticulin deposition, and hence a dry marrow aspirate
is common. The B-cell nature has been confirmed by
surface markers (Worman et al., 1983; Melo et al.,
1984) and clonal rearrangement of the immunoglobulin
gene (Korsmeyer et al., 1983).

¥
c) . LYMPHOPLASIV}’CYTOID :
Tumours associated with autoimmune and immune
deficiency syndromes are of this type (Stansfeld,
1985). These lymphomas are characterised by diffuse
infiltration by lymphocytes, plasma cells and
lymphoplasmacytoid cells, associated with mast cells
and macrophages, and by the presence of cytoplasmic
immunoglobulin. Three subtypes are described. A
lymphoplasmacytic variant with predominantly plasma
cells and a paraprotein, usually IgM. Lymphomas
associated with Waldenstroms macroglobulinaemia are of

this type, and may be associated with hyperviscosity.

A second lymphoplasmacytoid type is described with
reduced plasma cells and paraprotein. This variant is
usually associated with peripheral blood involvement,
and hence this type is difficult to differentiate from
lymphocytic lymphoma. The third (polymorphic) type
consists of a pleomorphic proliferation with blast
cells, multinucleated giant cells including Reed-

Sternberg like cells and macrophages.
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Although not lymphomas, plasma cell malignancies
whether diffuse or focal are related B-cell neoplastic
lymphoproliferative disorders. Their primary impact is

on bone marrow rather than lymph nodes.

d) . CENTROBLASTIC/CENTROCYTIC.

These tumours are usually associated with a follicular
growth pattern, and consist of centroblasts and smaller
centrocytes in varying proportions. There may also be
zones of diffuse infiltration and sclerosis. Reactive
plasma cells are frequently present but tingible body
macrophages are usually absent. Dendritic reticulum
cells and reactive T-helper cells are present within
the neoplastic follicles. Monotypic surface IgM ( or
IgM + IgD ) has been demonstrated on the malignant
cells ( Swerdlow et al., 1985), but other phenotypes

have also been observed.

HIGH GRADE B-CELL LYMPHOMAS.

a). CENTROBLASTIC.

These B-cell tumours are analogous to transformation of
germinal centre blast cells. They may arise de novo,
or more commonly as secondary transformation from CB/CC
lymphoma. This latter category has been subdivided

into monomorphic blasts or polymorphic type (Stansfeld,
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1985) and recently reclassified (Hui, Feller & Lennert,
1988) . The polymorphic variant shows differentiate
towards large centrocytes, immunoblasts with or without

plasmacytoid differentiation.

b). B-LYMPHOBLASTIC.

These tumours affect children and young adults, and
include endemic and sporadic Burkitt's lymphoma (BL).
Initially described as a African sarcoma of jaw
(Burkitt, 1958), BL was later classified as a malignant
lymphoma (O'Conor & Davis, 1960) and also occurs in
non-Africans (O'Conor et al., 1965; Dorfman, 1965). A
close aetiological relationship was established with
the Epstein-Barr virus (Epstein & Achong, 1964; 1979),
with possibly malaria as a cofactor (Burkitt, 1969).

BL consists of diffuse monotonous cohesive cells with
round uniform nuclei and scanty cytoplasm. Mitosis are
frequent, and tingible body macrophages are present
giving the classical starry sky appearance. The non-
Burkitt lymphoblastic lymphoma is more pleomorphic,
with prominent nucleoli and has monotypic surface IgM

(Flandrin, 1975).

Some cases of non-B non-T cell lymphoblastic lymphoma
probably represent tissue phase of acute lymphoblastic

leukaemia.
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c) . B-IMMUNOBLASTIC.

These cells are larger and have more cytoplasm than
centroblasts. These tumours are the commonest high
grade lymphoma in middle and old age. They may arise
de novo or secondary to CB/CC, lymphocytic or
lymphocytoplasmoid lymphomas. Autoimmune or immune
deficiency may precede onset. These tumours are

rapidly dividing and have prominent nucleoli.

d). ANAPLASTIC LARGE CELL (Ki-1+) LYMPHOMA.

Ki-1 is a monoclonal antibody reactive against Reed-
Sternberg cells of Hodgkin's disease, but also weakly
reactive against other cells. It shows strong staining
in 1-8% of all non-Hodgkin's lymphomas. These positive
lymphomas are of large cell type with pleomorphic or
round vesicular nuclei, associated with giant cells and
paracortical involvement. Of the 45 cases studied by
Stein et al., (1985) none reacted against macrophage
markers. 26 and 7 cases were positive for T-cell and
B-cell antigen markers respectively and 9 cases reacted
with both sets of markers. The remaining 3 cases
lacked any reaction to either. Stein proposed that
these tumours are of B and T cell origin having

undergone a process of activation.
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LOW GRADE T-CELL LYMPHOMAS

The scheme proposed by Suchi et al., (1987) has been
incorporated with the updated Kiel classification

(Stansfield et al, 1988) for the T-cell lymphomas.

a). LYMPHOCYTIC.

These are much rarer than their B-cell counterpart, and
are similar apart from lacking proliferation centres.
These tumours are analogous to chronic lymphatic and

prolymphatic leukaemias.

b). SMALL, CEREBRIFORM CELL.

Mycosis fungoides (MF) is primarily and predominantly a
cutaneous neoplasm, and is characterised by
localisation to the epidermis (in contrast, secondary
lymphomas localise to the dermis and subcutaneous
tissue). The infiltrate consists of Lutzner cells
(Lutzner & Jordan, 1968) which are small lymphoid cells
with convoluted nuclei, and a small number of larger
cells with irregular or multilobate nuclei (Mycosis
cell). The neoplastic cells are CD4 positive and form
a close association with the skin HLA-DR+ dendritic
cells. Transformation into a T-cell immunoblastic

lymphoma may occur (Slater, 1984).
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Sezary syndrome (SS) consists of chronic leukaemia and
erythroderma, with neoplastic cells in the skin and
blood. The skin lesions and the neoplastic cell are
identical to MF. Therefore SS is a variant of MF, as
circulating neoplastic cells can also be detected in

MF.

Lennert's lymphoma (Lennert, 1975) is characterised by
a diffuse infiltrate of small lymphocytes with
irregular angular nuclei, a smaller number of blasts
some multinucleate and Reed-Sternberg like, and
numerous epitheloid histiocytes many forming small
granulomas. The invasion begins in the paracortex but
eventually involves the whole node. Differentiation
from Hodgkin's disease may be difficult, particularly
if also associated with an infiltration of eosinophils,

neutrophils and plasma cells.

c). ANGIO-IMMUNOBLASTIC LYMPHADENOPATHY (AILD).

In the past, AILD has been considered as an abnormal
immune reaction, but was subsequently proposed as a
peripheral T-cell lymphoma (Shimoyama et al., 1979;
Watanbe et al., 1980). AILD remains controversial,
although clonal TCR gene rearrangements have been found

in at least some cases.
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The infiltrate is by small/intermediate lymphoid cells
with irregular nuclei intermingled with larger atypical
lymphoid cells, some resembling T-immunoblasts. The
follicles are indistinct or absent and germinal centres
are seldom found. There are a large number of high
endothelial venules, epitheloid cell clusters and

thickened basement membranes.

d). T-ZONE LYMPHOMA.

This tumour described by Lennert (1978), includes
previous cases of peripheral T-cell lymphoma (Waldron,
1977) and some T-immunoblastic sarcoma of Lukes (1979).
It is a mixed infiltrate of small/medium sized
lymphocytes and blast cells in varying proportions.
Multinucleated tumour giant cells (Reed-Sternberg like)
may be seen. In the early phase, the tumour is
confined to the paracortical area, but subsequently the
nodal architecture will become effaced. Additional
features include eosinophils, epitheloid histiocytes,
endothelial venules and fibrosis. Transformation to a

T-cell immunoblastic lymphoma may occur.

e). PLEOMORPHIC SMALL-CELL LYMPHOMA.
This consists of a monotonous small cell infiltrate

with irregular nuclei and scanty cytoplasm, and spares
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the B-cell follicular areas. The neoplastic cell has a
T-helper phenotype (CD3+ CD4+). Both HTLV-I positive
and negative cases have been described. Transformation

to a large cell type heralds poor prognosis.
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HIGH GRADE T-CELL LYMPHOMAS.

a). PLEOMORPHIC MEDIUM/LARGE-CELL LYMPHOMA.

The Adult T-cell lymphomas (ATL) associated with HTLV-I
virus are mostly of this type. It is a diffuse
variable cell sized tumour, with atypical nuclear
configuration. Extensive pleomorphism is present in

the HTLV-I positive cases.

ATL is the commonest peripheral T-cell neoplasm in
Japan, particularly endemic in Kyushu the southern most
island (Kikuchi et al., 1979). An identical disease
was subsequently described in blacks from the Caribbean
basin (Catovsky et al., 1982). The HTLV-I virus was
isolated from these tumours (Poiesz et al., 1980). A
non-endemic form is occasionally encountered in Europe

and elsewhere.

It presents commonly with lymphadenopathy, leukaemia,
skin involvement and hypercalcaemia. The node 1is
infiltrated by variable sized lymphoid cells in the
paracortex, with follicles initially preserved. The
small lymphoid cells have a irregular convoluted
nucleus, whereas the larger blasts can have a regular
or irregular nucleus. Multinucleated Reed-Sternberg
like cells are common. The neoplastic cells have been

identified as CD4 positive post-thymic type, lacking
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the enzyme tdt. The associated hypercalcaemia results
from increased osteoclastic activity secondary to

tumour released osteoclastic activating factor.

b) . T-CELL IMMUNOBLASTIC.

This is analogous to B-cell immunoblastic lymphoma, but
is much less common. It is a rapidly dividing tumour
associated with multinucleated Reed-Sternberg like
tumour cells, macrophages, eosinophils (more marked
than B cases) and plasma cells (related to T-helper
activity). T-cell immunoblastic lymphoma may arise de

novo or from T-zone lymphoma and mycosis fungoides.

c). T-CELL LYMPHOBLASTIC.

This has a similar incidence as the non-endemic B-cell
lymphoblastic lymphoma, and similarly affects
predominantly children. It is often associated with a
thymic mass, lymph node and marrow infiltration.
Leukaemia frequently supervenes and CNS involvement is
not uncommon. The neoplastic cell has
characteristically a convoluted nucleus, but this is
not a consistent feature (Nathwani et al., 1976). The
cells are of variable size with frequent mitosis and

are of cortical thymocyte phenotype.
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d) . ANAPLASTIC LARGE CELL (Ki-1+) LYMPHOMAS.

As described above under high grade B-cell lymphomas.

RARE TYPES /UNCLASSIFIED LYMPHOMAS.

HISTIOCYTIC NEOPLASMS.

The histiocytic malignancies are divided into malignant
histiocytosis and true histiocytic lymphoma, although
distinction between the two may be difficult.

Stansfeld (1985) believes these disorders are distinct,
whereas Van der Valk and colleagues (Van der Valk et
al., 1984) regard these conditions as extreme ends of a

spectrum of related disorders.

Malignant histiocytosis affects all age groups,
presenting with fever, wasting, generalised
lymphadenopathy, hepato-splenomegaly, anaemia, purpura
and leukopenia. Phagocytosis is non-specific though
important diagnostic feature. The proliferation is of

morphologically atypical histiocytes.

True histiocytic lymphoma has markedly decreased in
frequency with better B and T cell markers, and
reclassification. It presents as a localised tumour of

pleomorphic blast cells with prominent nucleoli.
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Multinucleated Reed-Sternberg like giant cells are
present, as well as increased neutrophils, eosinophils

and plasma cells.

HODGKIN'S DISEASE.

HD is an odd malignancy in which the putative
nebplastic cells (mononuclear Hodgkin cell;
multinucleated Reed-Sternberg cell) only form a
minority of the tumour, the rest comprising
lymphocytes, histiocytes, plasma cells, neutrophils,
eosinophils and fibroblasts The Reed-Sternberg (RS)
cells are required for diagnosis, but are not
pathognomonic of HD, occurring in the NHL, virus
infections (EBV, herpes, rubella) and drug sensitivity
(phenytoin). The RS cells have a eosinophilic
cytoplasm with perinuclear halo and can be bi- or

multi-nucleated.

Unlike the NHL, the classification of HD has been
widely agreed, based on Lukes & Butler (1966) and
modified by the Rye conference (Lukes et al., 1966).
Originally 6 categories were recognized but reduced to
4. Recently, further modifications have been proposed.
The nodular form of lymphocyte-predominant disease may

be a separate entity (Timens et al., 1986), with a B-
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cell origin of the RS cell (Stein et al., 1986). But
B-cell rich Hodgkin's may occur in other categories
(Angel et al., 1987), for instance clonal
immunoglobulin gene rearrangement has been shown in 6/7
cases of nodular sclerosing HD (Weiss et al., 1986),

but this remains controversial.

Two separate prognostically significant categories have
been proposed for nodular sclerosis subtype (MacLennan
et al., 1985), in which the grade 1 of
lymphocytic/lympho-histiocytic or mixed cellularity
subtype is associated with a lower relapse rate and
better survival, than the grade 2 variety which is
characterised by mixed cellularity with lymphocyte

depletion or numerous anaplastic Hodgkin cells.

The mixed cellularity subtype has more RS cells than
lymphocyte-predominant, but fewer than lymphocyte
deplete HD. Reactive cells are present with
lymphocytes. Foci of necrosis and neutrophils have
been related to the presence of B symptoms (Colby et

al., 1981).
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1.3.4. CLINICAL FEATURES.

The clinical manifestation of malignant lymphomas are
protean, hence differentiation from non-malignant
conditions is important. As a significant proportion
of lymphoma patients are potentially curable, each
suspected case therefore requires a careful assessment
of histological subtype and extent of disease, so that

appropriate treatment is not delayed.

HODGKIN'S DISEASE.

In the vast majority of cases (70-90%), HD presents
with superficial lymphadenopathy, usually affecting a
single contiguous group of nodes. The cervical chain
is most commonly involved (60-80%), followed by
axillary (6-20%) and inguinal regions (6-12%). The
mediastinal lymph nodes are involved in only 10% of
cases at presentation, but become involved in upto 60%
of patients during the course of the disease (Kaplan et
al., 1973; Moran & Ultmann 1974), and are associated
with poor prognosis (Mauch et al., 1978; Lee et al.,

1980; Velentjas et al., 1981; Hoppe et al., 1982).

The retroperitoneal nodes may be involved in about 30%
of patients (Ultmann et al., 1973), and are strongly
associated with B symptoms (anorexia, weight loss of

more than 10% body weight, fever & pruritis). Systemic



30

disturbance in HD implies poor prognosis (Tubiana et
al., 1971; vaughan-Hudson et al., 1985). Classical
Pel-Ebstein fever is rare. Alcohol induced pain at
sites of involvement is suggestive of HD, but uncommon
(1-10%), and occurs in other conditions such as

sarcoidosis.

Involvement of Waldeyer's ring (nasopharynx & tonsil)
is unusual in HD. The spinal cord is another uncommon
site, though important to recognize in view of the risk
of paraplegia. The localisation is usually the
epidural space of the lower dorsal or upper lumbar
spine. The presentation is with nerve root pain,
paraesthesiae, weakness and stiffness of legs, and
disturbance of micturition. Intracerebral lesions are

much less common.

Bone marrow involvement implies significant tumour
burden and widespread dissemination (Rosenberg 1971),
reflected by anaemia, thrombocytopenia and leucopenia,
particularly lymphopenia (MacLennan et al., 1981). The
raised serum alkaline phosphatase too reflects bone

disease.

Skin manifestations are common in HD, but are non-

specific.
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NON-HODGKIN'S LYMPHOMAS.

The rate of growth is highly variable in the non-
Hodgkin's lymphomas, but the tumours have a propensity
for local invasion and tissue destruction.

Two thirds of patients present with painless
lymphadenopathy (cervical > inguinal > axillary >
multiple sites), while the remainder present with
systemic symptoms or extra-nodal disease. Systemic
symptoms (fever, weight loss) are associated with
diffuse lymphomas and advanced disease (Patchefsky et
al., 1974). About 20% of NHL present with symptoms of
extra-nodal disease, usually large cell type involving
Waldeyer's ring, gut, bone, skin, salivary glands,
thyroid, testes and breast (Rudders et al., 1978; Reddy

et al., 1980).

The spleen is enlarged in 30-40% of patients at
presentation (Moran et al., 1975), and may be massive
leading to pancytopenia and hypersplenism. The spleen
is always involved in liver involvement, which occurs
in 20-50% of patients at presentation and more commonly
associated with low grade lymphomas. Bone marrow
involvement occurs in 1/3 to 1/2 of patients, low grade

more often than high grade lymphomas (Rosenburg 1975).



32

At presentation 5-16% of patients have gastro-
intestinal involvement (Jones et al., 1973), frequently
stomach (50%) and small intestine (25%) in adults. The

ratios are reversed in children.

Central Nervous System (CNS) lymphoma presentation is
uncommon, but ultimately 10% of patients have CNS
disease (Litam et al., 1979), manifestating as spinal
cord compression or leptomeningeal spread with cranial
nerve palsies or raised intra-cranial pressure.

Other uncommon manifestations of lymphoma include renal
obstruction by retro-peritoneal nodes, skin
infiltration, and pulmonary involvement including

pleural effusion.

With the NHL, various subtypes are associated with
particular modes of presentation. The low grade
lymphomas (predominantly follicular) have a slow
indolent course, but the majority presenting late with
bone marrow and blood invasion (60-85%). A paraprotein
is found in 20% Of cases. Retro-peritoneal involvement
occurs in 90% of cases. Hypersplenism, liver and CNS

involvement is not uncommon.

The intermediate grade lymphomas are more aggressive
and have more frequent parenchymal involvement (liver,

lungs, BM). The peripheral T-cell lymphomas are
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associated with this group, presenting with generalised
lymphadenopathy, anorexia, weight loss and pleuro-

pulmonary involvement.

The large cell diffuse types frequently present with
local disease, and CNS lymphoma is significant (10%).
The high grade immunoblastic lymphomas are associated
with aggressive clinical behaviour and poor prognosis.
Immunoblastic lymphoma may be preceded by immune or
lymphoproliferative disease. Anaemia and other

manifestations of advanced disease are common.

The high grade lymphoblastic lymphomas are associated
with anterior mediastinal mass (50%) and blood
dissemination leading to marrow and CNS invasion.
Burkitt's lymphoma is also an aggressive neoplasm, with
explosive growth potential, invading marrow, CNS, gut,
urinary and respiratory tracts, and associated with

metabolic disturbance.
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1.4. PROBLEMS ENCOUNTERED IN CLINICAL DIAGNOSIS OF

MALIGNANT LYMPHOMAS.

Diagnosis begins at the bedside, and the clinician
needs to consider many non-malignant possibilities for
a patient presenting with lymphadenopathy.

Age, presenting features and clinical examination
initially may suggest lymphoma as the most likely
diagnosis in a patient. Ultimately, however every
suspected lymphoma case requires the establishment of a

tissue diagnosis.

Non-malignant lymphadenopathy with or without
splenomegaly is frequent in childhood and infancy,
related to infectious agents. Acute localised
infections due to streptococci and staphlococci (acute
pyogenic lymphadenitis) are easily differentiated, but
chronic persistent infections may pose diagnostic
difficulties. Tuberculous lymphadenitis is now much
less common, usually presents as a nodal mass in the
vicinity of the tonsillar lymph node, and may be
associated with sinus formation and calcification on X-

ray.

Viral infections (infectious mononucleosis, CMV) and
Toxoplasmosis present with pyrexia, generalised

lymphadenopathy and atypical lymphocytes in the



35

peripheral blood. A blood film and a Paul-Bunnel test
may save the patient undergoing invasive procedures.
Cat-scratch fever may present with persistent
lymphadenopathy, usually epitrochlear with or without
adjacent axilla. Contact history may be lacking, but
the glands tend to be hot tender and somewhat

indurated.

A drug or chemical cause of lymphadenopathy may be due
to phenytoin exposure (Hydantoin pseudolymphoma), and
presents with fever, skin rash and marked
lymphadenopathy and occasionally splenomegaly. Its
important to establish history of drug exposure. The
nodes show marked histiocytic hyperplasia with or
without focal necrosis. Progression to true lymphoma
has been documented (Hyman & Sommers, 1966; Gams et

al., 1968).

Idiopathic causes of lymphadenopathy include
sarcoidosis, but other associated features (iritis,
parotid enlargement, erythema nodosum with hilar
lymphadenopathy, hypergammaglobulinaemia and
hypercalcaemia) should suggest the correct diagnosis,
but may only be confirmed on histological evaluation.
Other important differential diagnoses are
lymphadenopathy associated with autoimmune disorders,

for rheumatoid arthritis, and systemic lupus
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erythematosis.

ATILD is associated with marked immunological
disturbance (Frizzera et al., 1975; Lukes & Tindle,
1975), and its relationship to malignant lymphoma still
remains controversial. Many cases respond to steroid
therapy for a time, but progression to lymphoma has
been established in some cases with T-cell lineage

(O'Connor et al., 1986).

Angiofollicular lymph node hyperplasia first described
by Castleman (1956) is another rare condition to
consider. Histologically two distinct variants are
recognized, a hyaline vascular form and a plasma cell
type (Keller et al, 1972), the latter associated with a
variety of conditions such as rheumatoid arthritis,
autoimmune diseases and lymph nodes draining
carcinomas. It is reputed to be a benign disorder but
aetiology and pathogenesis remains obscure (West,

1989).

Finally, secondary neoplastic infiltration should
always be considered, particularly if hard fixed tender

nodes are found.
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1.4.1. INITIAL INVESTIGATIONS IN LYMPHOMA DIAGNOSIS.

Laboratory Investigations may provide useful
corroborating evidence for a diagnosis of malignant
lymphoma. Conversely, they may help to exclude such a

diagnosis.

A reactive blood picture is commonly seen in Hodgkin's
disease, with neutrophilia and eosinophilia. Anaemia
implies poor prognosis and advanced disease (Tubiana et
al., 1971), as does lymphopenia (MacLennan et al.,
1981) reflecting compromised bone marrow function due
to significant tumour burden and marrow infiltration
(Rosenberg 1971). Bone marrow examination is useful in
HD, revealing reactive changes in many cases, and only
occasionally infiltration by disease which can be

difficult to recognize.

The Erythrocyte Sedimentation Rate (ESR) is a
laboratory indicator of B symptoms and systemic
involvement in HD, and has been identified as a
consistent predictor of outcome (Haybittle et al.,
1985) as does plasma viscosity (Akhtar et al., 1991)

which has come to replace the ESR in many laboratories.
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Besides recognising reactive changes in NHL which are
more common than in HD, scrutiny of the blood film has
yielded circulating lymphoma cells in a significant
number (8-20%) of cases (Come et al., 1980; McKenna et
al., 1975). The presence of circulating lymphoma cells
is commoner with the low grade lymphomas (Jaffe, 1983)
and generally reflects marrow infiltration (Dick et
al., 1974; Garrett et al., 1979). Low grade lymphomas
are considered to be a systemic disease (Jaffe, 1983)
and peripheral blood lymphoma is of less import than
with the: high grade lymphomas. The examination of the
bone marrow is a vital staging investigation in
lymphomas, and corroborates the histopathological

diagnosis based on biopsied tissue.

Other investigations reveal less diagnostic
information. The blood urea and uric acid may be
raised as a reflection of tumour burden. Liver
function tests may be deranged and may reflect
infiltration. Serum protein electrophoresis may be
useful, revealing a paraprotein associated with occult
low grade lymphomas. Investigations of haemolytic
anaemias too may detect an underlying malignant

lymphoma .

Radiological visualisation of tumour bulk and extent
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has made a major contribution to diagnosis and staging
of suspected cases obviating the need for staging
laparotomies in the vast majority. Computerised
tomography (CT) will reveal macroscopic disease in the
mediastinal and retroperitoneal nodes, but may still
need to be combined with lymphangiography for

infiltration of normal sized lymph nodes.

Contrast media radiology (pyelography, barium
meal/enema) may yield further information, although
direct examination with biopsy facility (laryngoscopy,
bronchoscopy, colonoscopy, gastroscopy) if possible is

preferred.
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1.5. CONVENTIONAL TECHNIQUES IN LYMPHOMA DIAGNOSIS.

In every suspected case of malignant lymphoma, it is
mandatory to establish a tissue diagnosis. This is
usually based upon microscopic evaluation of a biopsied

lymph node by a histopathologist.

1.5.1. TECHNICAL DIFFICULTIES.

The establishment of a histological diagnosis may be
complicated by several avoidable difficulties.

The histopathologist's interpretation of a tissue is
based upon the clinical information provided. If this
is inaccurate or inadequate, the morphological features

may be misinterpreted.

A lack of care in choosing the biopsy site may result
in delayed or missed diagnosis. The inguinal and upper
cervical (tonsillar) lymph nodes are to be avoided,
frequently being sites of chronic non-specific
inflammatory changes. The nodes in the posterior
triangle of the neck, supraclavicular fossae and
epitrochlear regions are satisfactory and easily
accessible for excision by local anaesthesia. The
axillary nodes are less accessible and require a
general anaesthetic for excision. The largest involved
node should be selected, with intact capsule. The

surgeon should avoid traction, and crushing by forceps



41

as this produces artefacts. All too often lymph node
biopsy is delegated to an inexperienced member of the
surgical team. Open biopsies are always preferred to
needle biopsies. The tissue is then rapidly
transported to the laboratory for fixation.

In cases where no superficial node is present, involved
marrow or tru-cut liver biopsy may be submitted. 1In
cases where only the mediastinal nodes are involved, a
scalene node biopsy may be diagnostic, or else tissue
obtained by thoracotomy. Tissue obtained by
mediastinoscopy is often badly crushed. In some cases,

diagnosis may await development of a superficial node.

A part of the node should be fixed without delay, and
the remainder frozen using familiar procedures and
fixatives. The fresh node is bisected, as intact
capsule will not allow complete penetration of
fixative. Autolysis will occur in unfixed areas of a
node or if there has been a delay in fixation, making

interpretation impossible.

The histological techniques should be of a high
standard. Improperly cut and stained sections are a
common cause of histological misinterpretation.
Cutting sections with a freezing microtome may result
in partial disintegration and collapse of necrotic

areas such as caseating tuberculous lesions. Cryostat
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microtomy is satisfactory, but paraffin wax embedded

tissue is preferred.
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1.5.2. MORPHOLOGICAL DIAGNOSIS.

The majority of lymphomas can be diagnosed and
classified on morphological grounds alone, but the
observer error is significant. The commonest mistake
is to suggest a diagnosis on inadequate histological
grounds. This was particularly the case before the
widespread use of immunocytochemistry as the following
study illustrates. 1In a study of 600 cases of
lymphadenopathy with an initial diagnosis of Hodgkin's
disease (Symmers, 1968), confirmation was only possible
in 317. 1In the remaining 283 cases, 69 were diagnosed
with other malignant lymphomas; 34 reticulum cell
sarcoma; 29 infiltrated with metastatic carcinoma; 192
showing inflammatory or other non-neoplastic conditions

and 89 with chronic non-specific lymphadenitis.

The accurate diagnosis and classification of malignant
lymphomas has been beset by variations in nomenclature
over the years. Each classification is inadequate,
requires continual revision and contains a large number
of miscellaneous lymphomas. To improve diagnostic
accuracy and consistency, lymphoma panels were set up
in the United Kingdom. This has resulted in consensus
diagnoses and identified cases misdiagnosed or
misclassified (Bird et al., 1984). Despite the

introduction of these panels a small, but significant,
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number of suspected lymphoma cases remain undiagnosed.
Recent evidence from cell marker work has suggested
that 80% of "undifferentiated carcinoma" cases were in

reality of lymphoid origin (Gatter et al., 1985).

1.5.3. IMMUNO-HISTOCHEMICAL MARKERS AND TECHNIQUES.

In most cases, lymphoma diagnosis can be clearly made
on the basis of histological appearance, particularly
when supplemented by immuno-histochemical staining
applied to fixed tissue (Stein et al., 1984; Lauder,
1988). With the advent of antibodies to leucocyte
common antigen (Warnke et al., 1983) and cytokeratin
(Makin et al., 1984), it became possible to
differentiate malignant lymphoma from carcinoma,
especially anaplastic carcinoma in the vast majority of
cases (Lauder et al., 1984). However, antibodies to
leucocyte common antigen (LCA) are heterogenous,
recognize different epitopes and therefore show
differences in pattern of reactivity. LCA may be
destroyed by fixation (e.g. formalin), and frozen
sections are preferred (some antibodies reacﬁive with
fixed tissue are available). LCA is expressed in the
vast majority of lymphomas, but not all (Pizzolo et al,
1986). In addition some lymphoid tumours are positive
for epithelial menbrane antigen (Delsol et al, 1984).

Therefore a panel of lymphoid and epithelial markers is
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recommended (Lauder et al., 1984).

Diagnostic difficulties are common, however and in
recent years immunophenotyping on cryostat sections of
unfixed biopsies has been widely used as an additional
procedure (Aisenberg, 1981), since many T and B cell
differentiation antigens are destroyed or poorly
preserved in fixed paraffin processed tissue (Curran &
Gregory, 1980). Gradually monoclonal antibodies are
being developed which recognize epitopes that are
resistant to routine fixation and processing and
encouraging results have been published (West et al.,

1986) .

B-CELL LYMPHOMAS.

In the case of B-cell malignancies, demonstration of
clonality by detection of monotypic immunoglobulin
synthesis and light chain restriction (Warnke & Levy,
1978) usually requires the use of such unfixed tissue.
Anamolous cytoplasmic Ig staining in paraffin sections
is well recognized (Isaacson & Wright, 1979; Isaacson
et al., 1980), and is due to a large number of reactive
B-cells associated with the tumour population. 1In
addition, polytypic Ig is taken up from tissue fluids,
by dead and damaged cells as well as macrophages
(normal, neoplastic, Reed-Sternberg and other

multinucleated forms). The staining pattern (granular,
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Golgi zone with perinuclear space) and positive

staining for Ig J-chains may help to distinguish.

With cryostat sections, non-specific staining for
surface Ig (polytypic) may be present in the
interstitial tissues of neoplastic follicles. Also
some large cell lymphomas synthesize little Ig or none
(Gregg et al., 1984), and diagnosis relies on pan-B
markers. Another very rare complication is the
presence of biclonal tumours (Sarasombath et al., 1977;

Sklar et al., 1984).

Clonal analysis of blood has also been based upon
immunoglobulin light chain analysis and restriction
(Sobol et al., 1985), and a high degree of sensitivity
has been reported with flow cytometric methodology

(Johnson et al., 1985).

With lymphocytic lymphoma, cytoplasmic or surface IgM
kappa or lambda is easily demonstrated using frozen
tissue sections. 1In addition, 40% of cases react with
a T-cell marker CD5. Lymphoplasmacytoid lymphoma too
is characterised by monotypic cytoplasmic or surface

immunoglobulin.
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The follicle centre cell (follicular, diffuse or
combined) lymphomas are characterised by monotypic
surface Ig and HLA class II antigens by frozen
sections. In 2/3 of cases, cytoplasmic Ig with J chain
can be demonstrated on paraffin sections using very

sensitive techniques.

Surface Ig on frozen sections, and cytoplasmic Ig on
paraffin sections can also be demonstrated in

immunoblastic lymphomas.

In the case of centrocytic and mantle zone lymphomas,
monotypic Ig marks with IgD/IgM. Additional markers

include C3B receptor and CDS5.

T-CELL LYMPHOMAS.

A large number of monoclonal antibodies to T-cell
antigens have become available, but results are
unsatisfactory on fixed tissue. With T-cell lymphomas,
no single immunological phenotype is restricted to a
single morphological entity. A helper (CD4):
suppressor (CD8) ratio (unlike kappa:lambda) does not

differentiate neoplastic from reactive states.

Tumours are initially divided into tdt (terminal

deoxynucleotidyl transferase) positive/negative cases,
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and thymic/pre-thymic types. Tumours are then

characterised further e.g. CD4 positive.

HISTIOCYTIC LYMPHOMAS.

Markers useful in histiocytic lymphomas are intra-
cytoplasmic alpha-l-anti-trypsin (Isaacson et al.,
1981) on paraffin sections, and macrophage-specific
monoclonal antibody (Radzun et al., 1984) on cryostat
sections. But alpha-l-anti-trypsin is found in quite a
few T-cell lymphomas as well. Antibodies against

polytypic Ig can also be shown.

HODGKIN'S DISEASE.
Immunohistological studies have been disappointing in
the search for the nature or origin of Hodgkin's

disease (Lee, 1989).

A panel of markers has emerged for the Reed-Sternberg
associated antigens and includes the granulocyte
associated CD15 (Stein et al, 1982; Hsu & Jaffe, 1984),
epithelial membrane antigen CD30 and LN-1 a B-cell
restricted antigen all preserved in fixed paraffin

sections (Chittal et al, 1988).

The Reed-Sternberg cells will also demonstrate
polytypic Ig and alpha-l-anti-trypsin activity (Payne

et al., 1982). Ki-1+ expression has been found in
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lymphocyte predominant HD (Stein et al., 1981), in

addition to large cell NHL.
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1.5.4. IMMUNOPHENOTYPING IN LYMPHOMA DIAGNOSIS.

In many case of lymphoma, immunophenotyping merely
offers confirmation of a diagnosis which is clear on
the basis of well established clinical and
morphological criteria. But in other cases,
immunophenotyping is crucial to diagnosis, prognosis

and tréatment.

The characterisation of lymphoid malignancies by
immunological techniques is based upon the principle
that the neoplastic cell is of monoclonal origin and
expresses surface and cytoplasmic components
characteristic of its lineage and ontogeny. The
demonstration of monoclonality is usually apparent in
B-cell lymphomas by immunoglobulin light chain (kappa &
lambda) restriction. Unfortunately there is no
convienent equivalent marker available for the T-cell

malignancies.

The neoplastic phenotype is related to a particular
stage within normal lymphoid differentiation pathway,
the implication being that the neoplastic clone has
arisen from a normal counterpart. But anomalous
expression of cell lineage markers (or lineage
infidelity) is known to occur and may prove to be

useful diagnostic features of the neoplastic population
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a) . IMMUNOPHENOTYPING OF CIRCULATING LYMPHOMA CELLS.

Circulating lymphoma cells may be detected in the blood
of patients with non-Hodgkin's lymphoma in the absence
of a lymphocytosis or any other abnormality of the
lymphocyte count (Galton & Maclennan, 1982). Therefore
immunophenotyping of peripheral blood is indicated in
all cases suspected with a diagnosis of lymphoma, and

not just those with an unexplained lymphocytosis.

Various methods are available for surface marker
analysis, but the cases in this study had blood
analysed by immunofluorescent staining and flow
cytometry using a Becton Dickinson FACS Analyser.

The direct antiglobulin rosette (DAGR) method (Ling,
Bishop & Jefferis, 1977) is used for determination of

surface immunoglobulin on B-cells.

A routine panel of monoclonal antibodies (Table 1.4) is
used for all lymphocyte subset analyses to characterise
lymphocytes as B T or natural killer (NK) cells, and
using the DAGR method to determine the presence of a
surface immunoglobulin positive (sIg+) B-cell
population. This is essentially based on the ratio of
kappa+ : lambda+ cells being outside the normal range
of 0.8 - 3.3 (mean 1.6) which suggests the presence of

a monoclonal B-cell population.



52

Further characterisation of a monoclonal population is
obtained by additional phenotyping using the panel of
cell surface markers (Table 1.4). Characteristic

patterns or profiles of marker expression can then be

defined for a monoclonal population.

B-CELL LYMPHOMAS.

The most consistent feature is expression of sIg+
either at a low level (B-CLL) or high density
expression as with prolymphocytic and hairy cell
leukaemia. B-CLL expresses CD5 and CD24, whereas
prolymphocytic leukaemia expresses all B-cell markers
(usually strongly) with the exception of CD5.

CD5 and CD24 tend to be absent or weak in hairy cell
leukaemia, whereas CD22, FMC7 and CD25 (IL-2 receptor)

tend to be strongly expressed or distinctive.

B-cell surface differentiation antigens and sIg+ tend
to be absent in the plasmacytoid malignancies, but the
cells can be phenotyped with staining for cytoplasmic
immunoglobulin. Blood involvement in lymphoplasmacytoid
lymphoma is well recognized (Cader et al, 1983) and can
be detected by surface and cytoplasmic Ig expression.

FMC7 tends to be strongly expressed.
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TABLE 1.4
COMMONLY USED MONOCLONAL ANTIBODIES IN LYMPHOMA DIAGNOSIS

ANTIGEN CELL EXPRESSION ANTIBODY USED
CD45 (L.C.A) All leukocytes F10-89-4 !
CD45R B cells, T subsets F8-11-131!
CD19 Pan-B Leu-122
CD20 Pan—-B Leu—-162
ch22 B-Subset Leul4 2 Dako B3
CD24 Pan-B OKB2 *
- B-Subset FMC?7 8
Ig heavy chain B Anti—-human Ig
(u.z »a.y) (light heavy chains) 2
1g light chain B
(K, 1)
CD1 Thymocyte OKT6 4
CD2 Pan-T, NK Dako T 118
CD3 Mature T Dako T3 3, Leu4?
CD4 T helper/inducer Dako T4 ?, Leu3?
CD8 T suppressor/cytotoxic Dako T8 3, Leu2?
CD5 Pan-T, B (CLL) Dako T1!
CD7 Pan-T, immature Blasts RFT2 ¢
CD186 NK, granulocytes Leullb 2
?CD11 (c3b-R) DRC, B, M Anti—c3b receptor?
HLA-DR B, M, activated T OK-DR ¢
S ‘ ‘bodi AL] .
1) Professor J. Fabre LCA — leucocyte common antigen
2) Becton-Dickenson B, T - B, T lymphocyte
3) Dako-Patts NK -~ natural killer cells
4) Ortho Diagnostics M -  macrophages
5) Sera Lab DRC - dendritic reticulum cells

6) Ro;}al Free Hospital
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Immunophenotype profiles in other B-cell lymphomas may
show typical expression (sIg+, CD20) or show
considerable variability of expression even in

histologically uniform categories of tumours.

T-CELL LYMPHOID MALIGNANCIES.

The immunodiagnosis of T-cell disorders is much more
problematical in the absence of a marker of clonality
comparable to the B-cell light chain type. In addition
T-cell malignancies tend to be more heterogenous even

in apparently single disease states or categories.

Most cutaneous T-cell lymphomas including mycosis
fungoides and Sezary syndrome are CD4+ CD8-, with non-
expression of one or more pan-T marker. This phenotype
with normal expression of pan-T markers is seen in
cases of T-CLL, and T-prolymphocytic leukaemia. The
latter can sometimes express other phenotypes (CD4+

CD8+; CD4- CD8+).

The adult T-cell leukaemia/lymphoma associated with
HTLV-1 infection usually expresses CD4+ CD8- CD7- with
normal expression of pan-T antigens. These neoplastic
cells tend to be consistently positive for CD25 (IL-2

receptor).
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A diagnosis of T-cell leukaemia or lymphoma can only be
suspected with a characteristic phenotype even with
anomalous or non-expression of certain T-cell markers.
Its nowhere more apparent to consider the patients
clinical condition, histological results and other
investigations in conjunction with the

immunophenotyping data before deciding on a diagnosis.

b) . IMMUNOPHENOTYPING OF LYMPHOID TISSUE BIOPSIES.

Despite the fact that there is a rapid expansion of
monoclonal antibodies developed for use in fixed
paraffin wax-embedded biopsy material, and encouraging
results published (West et al, 1986), the
immunodiagnosis of lymphoma cases is best done on
fresh-frozen tissue. This does then require the rapid
transportation of biopsy material to the laboratory for

appropriate processing.

The choice of a particular immunostaining method is
open to personal preference, but the alkaline
phosphatase anti-alkaline phosphatase (APAAP) technique
of Cordell et al, (1984) was used on the majority of

the cases in this study.

The CD45 marker has been found to be a highly effective
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and consistent marker at identifying tumours of
lymphoid (or histiocytic) origin, as the initial aim in
lymphoma diagnosis is to diagnose or exclude lymphoid

malignancies from the rest.

B-CELL LYMPHOMAS.

The majority of NHL are of B-cell origin and the most
useful markers for B-cell lineage include CD45R CD19
CD20 and CD22. However, CD19 may not be expressed on
some high grade centroblastic tumours, and CD45R is not
entirely B-cell specific being expressed on some normal
T-cells. CD45R+ T-cell lymphomas occur but are thought
to be rare (Norton & Isaacson, 1989). If a panel of B-
cell markers is used (Table 1.4), then a B-cell

lymphoma is unlikely to be misdiagnosed.

Expression of CD24 is more variable, tending to stain
about half of the low grade B-cell cases, some of the
high grade lymphomas with the B-lymphoblastic cases

usually being positive.

In most B-cell lymphomas surface and cytoplasmic
immunoglobulin can be demonstrated with evidence of
light chain (kappa or lambda) restriction.
Misinterpretation may occur with background staining

particularly with some high grade cases.
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T-CELL LYMPHOMAS.

The heterogeneity of T-cell malignancies has already
been discussed. Using the routine lymphoma marker panel
(Table 1.4) attempt is made to divide the T-
lymphoblastic lymphomas from the peripheral T-cell
types (Suchi et al, 1987), the former expressing an
immature thymocyte phenotype (CD1+ , pan-T markers).

The results tend to be heterogenous in all other cases.

Widespread T-cell marker staining may be due to small
lymphocytes adjacent to or surrounding the neoplastic
cells, and therefore it is obviously important to
identify the neoplastic cells from the reactive

population on immunostained tissue sections.

HODGKIN'S DISEASE.

Immunostaining of sections reveals the majority of
backgfound cells to be CD4+ and CD8+ lymphocytes in
varying proportions. If the CD4+ population is
predominant differential diagnosis from a T-cell
lymphoma may be difficult. The markers for Reed-
Sternberg cell associated antigens tend to work best on

paraffin rather than frozen sections.
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1.6. THE BASIS OF A MOLECULAR APPROACH TO LYMPHOMA

DIAGNOSIS

Malignant lymphoma is a disease of unregulated
proliferation, usually monoclonal, affecting B and T
lymphocytes and their precursors. The molecular
approach has been based on understanding the
organization and expression of the Immunoglobulin (Ig)
and the T-cell receptor antigen (TCR) genes, and
demonstrating clonal rearrangement of these genes.
This forms the basis of Southern blotting (Southern,

1975).

1.6.1. THE BASIS OF SOUTHERN BLOTTING.

The detection of monoclonality within a lymphoid
population depends upon commitment of stem cells to B
and T cell differentiation, associated with
rearrangement of several genes specific for that
differentiation. Therefore during lymphoid maturation,
a series of somatic recombinations occur, which change
the relative positions of base sequences that are
substrates for the DNA-cutting action of restriction
endonucleases. This endonuclease digestion results on
electrophoresis, blotting and hybridisation with cDNA
probes fragments of heterogenous size, producing new
bands at different positions from those obtained with

germ—-line DNA.
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IMMUNOGLOBULIN STRUCTURE AND EXPRESSION.

Cells of the B-lymphocyte lineage are characterised by
synthesis and expression of Ig. The primary function
of Ig is to bind specifically to a diverse array of

presented antigens.

Ig molecule has a four-chain polypeptide structure (two
light and heavy chains) linked together by non-covalent
interactions and covalent disulphide bonds (Davies &
Metzger, 1983) with variable, joining and constant
regions (Figure 1.1). This basic structure is seen in
several other protein molecules involved in the immune
response, including TCR (Hood et al., 1985; Hunkapiller
& Hood., 1986). Ig classes and subclasses are examples
of isotypic variation involving the constant region of
the heavy chain, encoded by closely linked genes on
chromosome 14. Allotypes are variants inherited as
alternatives, due to changes affecting the constant

region genes.

CHROMOSOMAL LOCALISATION OF IMMUNOGLOBULIN GENES.

The genes encoding for the heavy chains are found on
the long arm of chromosome 14 (14gq32), while the sites
for kappa and lambda light chains are chromosomes 2
(2p13) and 22 (22qll) respectively (Erikson et al.,

1981; Kirsch et al 1982; Malcolm et al., 1982).



The structuréﬂbf the immunoglobulin molecule and

similarities with the T cell receptor antigen

can be seen.

Figure 1.1
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ORGANIZATION AND EXPRESSION OF IMMUNOGLOBULIN GENES.
The active immunoglobulin genes are thought to be
formed by a series of DNA rearrangements that bring
together separate gene segments (variable V; joining J;
diversity D; constant C) during the development of the

B-cell lineage (Figure 1.2).

Each segment which could be integrated is flanked by
short conserved sequences, which act as signals for
integration - so called 12/23 base pair joining rule

(Max et al., 1979 Sakano et al., 1979).

Integration events apparently occur in a specific
order, with heavy chain genes before light chain genes
(Maki et al., 1980; Korsmeyer et al., 1981).

There is thought to be an additional degree of ordering
within the process of heavy-chain gene rearrangement,
in that D to JH joining appears to precede V to D-JH
joining (Yaoita et al., 1983). Regulation of gene
integration occurs by allelic exclusion (expression by
a single B-lymphocyte of only one of the two possible
alleles at each Ig gene locus), and by isotypic
exclusion namely expression of only kappa or lambda
light chains, but not both. The result is that each B-
cell produces Ig with only a single kind of VH region

and a single kind of VL region.



Figure 1.2
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Somatic rearrangment of immunoglobulin
kappa gene, a process which occurs only

in B-lymphoid cells.

The basis of southern blotting is
explained by illustrating restriction
enzyme sites for BamH, one of which is
lost during rearrangement. Therefore in
the germline configuration, a specific
probe to the cy region will demonstrate

a 1l2kb fragment after DNA restriction
and electrophoretic separation on an
agarose gel. The B cells undergoing
rearrangement will demonstrate a smaller
7.5kb fragment on the gel, so called
rearranged band. The intensity of this
band is proportional to the size of the
monoclonal B cell population, in
comparison to the reactive, polyclonal B
lymphocytes.
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FIGURE 1.2

NITNEGOTIODONNNINI 40 NOILYHNDIANOD

pPeqoid g 3n3 yNQ

Dig-L

a3 zZi

Qe

dNd

v

3804d ¥0

R

9 M sL

agoud ¥

Qy 2z

JINONID

3731v

Y Q3ONVH YV3H

aN3o ¥
INITWH3D



64

Furthermore, an ordered hierarchy of light chain gene

integration seems to occurs during B-cell development,
with kappa gene rearrangement preceding lambda (Hieter
et al., 1981; Korsmeyer et al., 1981) and lambda gene

integration only occurs after non-functional

rearrangement of both kappa alleles.

The generation of V region diversity is thought to be
achieved by V-J gene segment (light chain), and V-D-J
gene segment (heavy chain) combinations, variation in
the sequence produced at the joining sites and by

somatic mutation.

The Ig gene promoter gene, as well as enhancer are
thought to contain transcription control elements with
tissue specificity for developing B-cells. During the
development of the B-lymphocyte, the VH region is first
expressed with the Cu region resulting in production of
IgM. Subsequently, a switch to other Ig classes can
occur containing the same VH region and light chain,
but a different CH region. This heavy-chain class
switch is thought to takes place by DNA rearrangement
to different CH gene, with deletion of all the

intervening CH genes (Honjo & Kataoka, 1978).
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B-CELL DIFFERENTIATION. (Figure 1.3)

The first stage of B-cell differentiation apparently
occurs in the haemopoeitic tissues, is antigen
independent and involves the differentiation of
pluripotent haemopoeitic stem cells into virgin B-
cells. These cells synthesize and express Ig as a

surface receptor for antigen.

The second stage is considered to be initiated
following an encounter with antigen, resulting in
expansion of antigen-specific clones, and production of
plasma cells which synthesize and secrete large amounts
of antibody together with generation of long lived

memory cells.

B-CELL LYMPHOPROLIFERATIONS AND NORMAL B-CELL
DIFFERENTIATION.

Malignant B-cells are considered stereotypes of
discrete normal maturation stages frozen by the

oncogenic event (Salmon & Seligmann, 1974).

Mature B-cells emerging from the bone marrow are
thought to have the same phenotype (sIgM+ sIgD+ CD19+
20+ 21+ 22+ 24+) as B-cells in nodal primary nodules
and mantle cells in secondary follicles, whereas the
phenotype of germinal centre centroblasts and

centrocytes (sIgM+ HLA-DR+ CD10+ 19+ 20+ sIgD- CD24-)



66

may result from lymphocyte activation in an appropriate
microenvironment (Stein et al., 1982). A second
smaller B-cell population (CD5+) appear early in
ontogeny, but are subsequently confined to peripheral

lymphoid organs (Campana et al., 1985).

Centroblastic/centrocytic lymphomas closely imitate the
reactive germinal centre, with a follicular growth
pattern and cells expressing CD10+ IgD- phenotype.
Malignant expansions of CD5+ B-cells results in B-CLL

and Centrocytic lymphoma (Gobbi et al., 1983).

The possible relationships between lymphoproliferations

and B-cell differentiation is shown in Figure 1.3.
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Fig 1.3

B lymphocyte differentiation and the relationship to

the various types of B cell neoplasia.

DR : HLA-DR

Tdt : terminal deoxynucleotidyl transferase

VvDJ & DJ variable, diversity and joining region
genes

Ig : Immunoglobulin

H : Ig heavy chain

CD : cluster designation

C : complement receptor

ALL : acute lymphoblastic leukaemia

CLL : chronic lymphocytic leukaemia

PLL : prolymphocytic leukaemia

WM : Waldenstrom's macroglobulinaemia

NHL : non-Hodgkin's lymphoma

HCL : hairy cell leukaemia
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THE T-CELL RECEPTOR POLYPEPTIDES.

T-lymphocytes, unlike B-cells predominantly recognize
antigen when it is associated with membrane-bound
products of the major histocompatibility complex (MHC).
The specific recognition molecules on T-cells is the
membrane-bound T-cell antigen receptor (TCR), analogous

to the surface bound Ig molecule on B-cells.

There are considered to be four distinct T-cell antigen
receptor polypeptides (a,P,7,0), which form two
different heterodimers (o:f and y:08) that are very
similar to Ig ("the immunoglobulin superfamily"). The
TCR Y:0 heterodimer is associated with the CD3
polypeptide (Saito et al., 1984) and is present on a
small percentage (1-10%) of peripheral T-cells (Brenner
et al., 1986), but on the majority of dendritic T-cells
in the skin (Stingl et al., 1987; Kuziel et al., 1987).
The function of the y:d heterodimer is unknown, whereas
TCR a:P provides specificity for all cytotoxic and

helper cells.
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TCR GENE ORGANIZATION AND EXPRESSION.

Like immunoglobulin, the TCR genes are divided into
specific V, D (B & 0) and J segments, which are fused
together to form a complete V-coding domain adjacent to
a particular C region. The process of recombining gene

elements is considered to be similar to the Ig gene.

TCR genes are apparently first rearranged and expressed
in the thymus during the earliest stages of T-cell
differentiation, in the order B, vy, 8, o. The 7:d
heterodimer precedes a:f expression, and it has been
suggested (Pardoll et al., 1987) that Y:d rearrangement
may be attempted first (like Ig kappa gene) and in the

event of failure, cells proceed to a:B expression.

CHROMOSOMAL LOCALISATION OF THE TCR GENES.

Chromosome 7 (7pl2-7p2l) is the site for TCR beta chain
gene and is closely associated with the site (7pl5) for
the gamma chain gene. The alpha chain gene maps to
chromosome 14 (14gql1-14gl2) (Caccia et al., 1985). The
delta gene is thought to be closely associated with the
CD3 antigen and maps to chromosome 11 (1l1g23-llgter)

(Van den Elsen et al., 1985).
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T-CELL DIFFERENTIATION.

T-cell precursors are thought to have an intrathymic
maturation stage after leaving the bone marrow, where
clonal restriction precedes release into the peripheral
circulation. Therefore any peripheral T-lymphocyte
subset will have an equivalent thymocyte subpopulation
(Pizzolo & Chilosi, 1984). The T-cell lineage specific
markers all react with a few T-cell associated antigens
(CD1-8), although other non-specific markers will also
be useful for categorisation of T-lymphocyte
subpopulations if used in conjunction with the lineage

specific markers.

T-CELL NEOPLASMS.

Rearrangement of the TCR beta-chain defines cells
committed to the T-cell lineage, as well determining
clonality (Isaacson et al., 1985; O'Connor et al.,
1985; Waldmann et al., 1985). T-cell malignancies are
classified into pre-thymic/thymic and peripheral (post-

thymic) lymphomas (Suchi et al., 1987).

T-ALL and T-lymphoblastic lymphoma are ontogenically
related, distinction is largely based on differential
clinical presentation. The lymphocytes are usually TdT
positive with CD1, CD2, CD7 phenotype. The CD1 marker
and TdT positivity differentiate from the peripheral T-

cell lymphomas.
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The peripheral T-cell lymphomas are a heterogenous
group showing great variability in clinical
presentation. All are derived from immunocompetent
post-thymic T lymphocytes. They are CDl1 negative, TdT
negative, and have rearranged TCR genes. With T-cell
lymphomas, no single immunological phenotype is
restricted to a single morphological entity. A helper
(CD4) : suppressor (CD8) ratio (unlike kappa:lambda)

does not differentiate neoplastic from reactive states.



1.6.2. IN SITU HYBRIDIZATION

In situ hybridization allows localisation of specific
nucleic acid sequences in tissue sections, and a number
of protocols have been published recently (Burns et al,
1985; Beckman et al, 1985; Ungér et al, 1986; Pringle

et al, 1987).

This technique became available for wider clinical
laboratory usage due to the development of non-
radioactive nuclei acid probes and detection systems.
The most successful and useful of these methods is
based on incorporation of biotin/}é/into the probe and
subsequently detected by enzyme conjugated avidin
(Leary et al 1983). These biotinylated probes can be
used on cryostat (fresh tissue) or routine formalin-

fixed paraffin wax-embedded sections.

The hybridization procedure is specific, because
recombinant DNA techniques have enabled the synthesis
of pure and highly specific probes. These probes are

either biotinylated or labelled with 35

S and
hybridization (or annealing) detected using an alkaline
phosphatase/fast red naphthol capture method and by

autoradiographic emulsion respectively.
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1.6.3. THE POLYMERASE CHAIN REACTION.

PCR is an in vitro method for the primer directed
enzymatic amplification of specific DNA sequences
(Saiki et al, 1985). Two oligonucleotides (primers)
hybridize to opposite strands of DNA that flank the
segment to be amplified. The orientation of the
primers is in opposite directions, such that DNA
synthesis is specific proceeding across the regions
between the primer hybridization sites, using
thermostable DNA polymerase (Saiki et al, 1988; Erlich

et al, 1988).

DNA synthesis is initiated with the enzyme Taq
polymerase (a heat stable DNA polymerase from a
thermophilic bacteria, Thermophilus aquaticus), and is
based on a series of repeated cycles of heat
denaturation (to render the DNA single stranded),
annealing of the primers to their complementary
sequences and extension of the annealed primers with
DNA polymerase. Each cycle essentially doubles the
amount of DNA synthesized, resulting in an exponential

increase of the specific target sequence.

The repeated cycles of denaturation, annealing and
primer extension are achieved by rapid alterations in

temperature. Denaturation is usually performed at 95°C
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for 1-2 minutes, with primer annealing at 45-55°C and
primer extension at 70-75°C. Specificity of annealing
is determined by the length of the oligonucleotide, its
GC nucleotide content and salt concentration in the
amplification buffer. The PCR procedure is now
automated using commercially available "thermal

cyclers".

PCR is a versatile procedure, permitting successful
amplification with poor quality DNA or DNA from
historical paraffin-embedded biopsy specimen material

(Lai-Goldmann, 1988).

The amplified DNA can be directly visualised by
staining with ethidium bromide, following
electrophoretic separation. This allows determination
of the size of fragment generated and of the
specificity of amplification. Confirmation of specific
amplification is accomplished by hybridization of
radiolabelled, allele specific oligonucleotide probes,
after transference of DNA onto nylon filters (Southern

blotting).
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1.7. THE OBJECTIVES OF THIS PROJECT

1) Assess the value of gene probe analysis in
providing diagnostic clarification when applied to
tissues of patients suspected with lymphoid malignancy.
In addition, compare the relative sensitivity of
detecting circulating lymphoma cells by

immunophenotyping and gene probe analysis.

2) Assess the value of in situ hybridization in
differentiating between monoclonal and polyclonal

lymphoid neoplasms.

3) To investigate and develop further the novel
technique of polymerase chain reaction in lymphoma
diagnosis, specifically at detecting occult or minimal

residual disease (MRD).
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CHAPTER 2 : SOUTHERN BLOTTING.

Patients were studied with a clinical and histological
diagnosis of non-Hodgkin's lymphoma, in whom both
tissue biopsies and blood samples were obtained prior
to treatment. 1In each case, biopsies were submitted to
conventional histological examination, immuno-
phenotyping by immuno-enzyme staining on cryostat
sections of unfixed tissue, and DNA extraction for gene
studies. Mononuclear cells were separated from blood
for immunofluorescent analysis of lymphocyte

subpopulations and gene rearrangement studies.

Clinical and staging information was obtained from case

notes.

2.1. METHODS.

2.1.1. PROCESSING OF BIOPSIES.

Surgical biopsies were transported immediately, unfixed
to the laboratory. Representative portions were cut
for fixation in 10% formol saline and paraffin embedded
for routine histology, and snap frozen (in liquid
nitrogen) for both immuno-enzyme staining on cryostat

sections and DNA extraction for gene studies.
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Routine histological examination was done on paraffin
sections stained with haematoxylin and eosin, and
reticulin stains. Additional cytochemical and
immunohistochemical stains were used to further

delineate ambiguous cases.

2.1.2. TISSUE IMMUNOPHENOTYPING.

Fresh tissue was snap frozen in liquid nitrogen, after
mounting onto cork and embedding medium. 6 Um.
cryostat sections were cut, mounted onto glass slides,
air dried (30 minutes at room temperature), and fixed

in dry acetone for 20 minutes at room temperature.

The technique of APAAP (Cordell et al, 1984) was used.
Normal rabbit serum was used as a blocking agent, to
prevent non-specific binding. Two sequential layers of
monoclonal antibodies were used, beginning with mouse
anti-human antigen in Tris buffered saline (TBS) for 30
minutes, intervening washes in TBS followed by rabbit
anti-mouse immunoglobulin in TBS for 30 minutes and
washes in TBS, after which APAAP was used. For colour
reaction a substrate buffer containing fast red,
naphthol and levamisole was used. THe sections were
counterstained with haematoxylin, washed in tap water,
and dehydrated in ethanol, followed by mounting in

aqueous medium for microscopic evaluation.
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2.1.3. LYMPHOCYTE IMMUNOPHENOTYPING.

Mononuclear cells were separated from heparinized blood
samples by centrifugation on a metrizoate/hypaque
gradient, SG 1.077 (lymphocyte separating medium; Flow

laboratories).

A direct immunofluorescence method was used for
detecting Ig heavy and light chains on surface of
lymphoid cells. The mononuclear cells (approx. 3 x
100) were resuspended in 2 ml. of acetate-buffered
saline, and incubated at 37°C for 15 minutes, followed
by washing in culture medium (RPMI-1640) and incubated
in 2 ml. of culture medium (60 minuﬁes at 37°C) to
remove non-specifically bound cytophilic antibodies.
After resuspension in fresh culture medium, and
addition of 200 pl. of FITC- conjugated anti-
immunoglobulin in 0.1 M PBS, the cells were incubated
at 4°C for 30 minutes, followed by washes in culture
medium and resuspension in one drop of PBS/glycerol

(v/v) for mounting onto a glass slide.

An indirect immunofluorescence method was used for
detection of membrane antigens recognized by various
monoclonal antibodies. The cells were resuspended in a
PBS based buffer (PBS 100 ml., sodium azide 0.2 g.,

bovine serum albumin 0.2 g., pooled human AB serum 2
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ml.), followed by incubation with monoclonal antibody
at 4°C for 30 minutes. To the supernatant was added 35
Ml. of FITC-conjugated goat anti-mouse Ig and incubated
for further 30 minutes, followed by mounting in

PBS/glycerol as above.

A panel of monoclonal antibodies was used (Table 1.4)
and mouse immunoglobulin was included as negative

control.

B-cell lymphomas were diagnosed, when tumour cells
expressed monotypic ¥ or A light chains and pan-B
antigens. T-cell lymphomas were based on expression of

pan-T or T-cell subset antigens.
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2.1.4. DNA EXTRACTION.

DNA was prepared from samples of tissue (fresh frozen
or fixed and paraffin embedded) and peripheral blood
lymphocytes by proteinase K digestion using standard

procedures (Petterson & Sambrook, 1973).

2.1.4.1. DNA EXTRACTION FROM FRESH FROZEN TISSUE.
The tissue was homogenised, digested with a proteolytic
enzyme and DNA retrieved using phenol/chloroform

extractions and ethanol precipitation.

a). HOMOGENIZATION OF TISSUE.

A piece of tissue 2.5 x 2.5 x 2.5 mm (50-100 mg.) was
selected and allowed to warm up slightly. The tissue
was placed in a corex tube containing 2 ml. of 0.05 M
Tris/HCl buffer at ph 8.0, and homogenised at low speed

for 20 seconds.

b) . PROTEIN DIGESTION.

The enzyme proteinase kinase (PK) was pre-prepared at a
concentration of 20 mg/ml. in 0.05 M Tris/HCl pH 8.0.
20 ul. of PK was mixed with 200 pl. of 10% SDS, and
added to the homogenised tissue. This mixture was
incubated in a polypropylene tube at 37°C until
digestion was complete (3 hours to overnight) and the

solution became viscous.



82

c) . PHENOL/CHLOROFORM EXTRACTIONS.

If the solution was very viscous, it was pre-diluted
with further 0.05 M Tris/HCl buffer (approx. 3 mls.).
To the polypropylene tubes was added 3 mls. of phenol/
chloroform/isoamyl alcohol (IAA). Mixing was ensured
by gentle inversions. The mixture was separated by
centrifugation at 3000 G for 10 minutes. The upper
(DNA) layer was removed by gentle agitation, using a
pasteur pipette avoiding uptake of the precipitated
protein at the phenol interface. This procedure was
repeated 2-4 times, until a clear DNA layer was

obtained.

Any trace of phenol solution was removed by extracting
through an equal volume of chloroform/IAA a number of

times.

d). DNA PRECIPITATION.

To the extracted DNA was added 5 M sodium chloride
solution, to achieve a final concentration of 0.1 M, in
a corex tube. To this was added 2-3 times the total
volume of cold (-20°C) filtered absolute ethanol. On
mixing a fluffy’DNAvprecipitate was seen, which is then
retrieved into an eppendorf tube uéing a pipette tip.
The DNA was then rinsed in cold (-20°C) 80% ethanol, to

remove excess salt.
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e). DNA RESUSPENSION AND PURIFICATION.

After evaporation of the ethanol in a vacuum
dessicator, the DNA precipitate was resuspended in a
small volume (upto 1 ml.) of 1 x TE buffer. This was
left until DNA went into solution, the process could be
speeded up by incubation at a high temperature (e.g. 10

minutes at 65°C or one hour at 37°C).

Further purification of DNA could be accomplished by
dialysis. The DNA solution was carefully loaded in
dialysis tubing secured at each end by plastic clips.
The filled dialysis tubing was placed in a large volume
beaker containing 1 x TE solution. Several changes of
TE buffer were required over the period of exchange (3
hours minimum, at 4°C). The dialysate was continually

mixed, with magnetic stirrers.

On completion of dialysis, the DNA solution was
replaced into eppendorf tubes, ready for DNA
estimation. The methodologies described are based on

standard protocols (Maniatis et al, 1984).

2.1.4.2. DNA EXTRACTION FROM CELL SUSPENSIONS.
The mononuclear (lymphocyte) population was separated
from peripheral blood and stored in ethanol at 4°C,

prior to DNA extraction.
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The cell suspensions were centrifuged at 400 G for five
minutes, to pellet the cells and the ethanol discarded.
The cells were resuspended in 2 mls. of 0.05 M Tris/HCl
PH 8.0, and 200 pl. of 10% SDS and 20 pl. of PK (20
mg/ml.) added. After mixing and incubation at 37°C for
a variable period (minimum one hour), the DNA was

extracted with phenol as described above.

2.1.4.3. DNA FROM FIXED AND PARAFFIN EMBEDDED TISSUE.
This was carried out according to the method described
by Warford et al (1988), which consists of a five stage
process of tissue rehydration, digestion, purification,

DNA precipitation and resuspension.

Approximately 100 mg of tissue was pre-prepared into a

corex tube, by cutting an appropriate number of 5-15 um

sections from the paraffin blocks.

a). TISSUE HYDRATION.

The tissue was dewaxed by incubation in 10 mls. of
xylene for 10 minutes, followed by centrifugation at
3000 g for 10 minutes and the xylene discarded. This

process was repeated twice more.

The tissue was rehydrated by two 10 minute periods each

in 99% ethanol, 95% ethanol and sterile ultra-pure (UP)
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water in order stated. After each wash the ethanol or
water was discarded following centrifugation at 3000 G

for 10 minutes, to pellet the tissues.

b). PROTEIN DIGESTION.

The tissue was transferred to a polypropylene tube
containing 9 mls. of 0.05 M Tris/HCl pH 8.0. To this
was added 1 ml. of 10% SDS and 100 pl. of 20 mg/ml. PK
concentration. This mixture was then incubated at 37°C
with gentle agitation. A fresh volume of PK was added
after every 24 hours, until digestion was complete with
no tissue fragments remaining, and the sdlution became
viscous. This process of digestion could be

accelerated by starting with thinner tissue sections.

c) . PURIFICATION.

The DNA was purified by extracting sequentially with
7.5 mls. of phenol/chloroform/IAA (thrice) and 5 mls.
chloroform/IAA (thrice). The phenol and chloroform
extracts were centrifuged at 2000 G for 30 and 15
minutes respectively. The samples were back extracted
by adding 5 mls. of 1 x TE to the first phenol
interface after removal of the clear aqueous DNA layer
followed by centrifugation as for primary extracts.
This solution was then passed over the remaining
interfaces of the other steps. The primary and back

extracts of DNA were pooled.
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d). DNA PRECIPITATION AND RESUSPENSION.
The DNA was precipitated with sodium chloride and
ethanol as described above. The DNA was resuspended

and purified by dialysis as described above.

2.1.5. DNA ESTIMATION.

The concentration of the extracted DNA was determined
by spectrophotometry. To 20 pl. of resuspended DNA
solution was added 980 pl. of 1 x TE in glass cuvettes.
The absorbence (A) of the solution at 260 nm wavelength
was measured, and the concentration of DNA was
calculated as follows. 1In addition, readings were
taken at 280 nm and 230 nm for RNA and carbohydrate

content of the sample.

Concentration DNA (pg/pul.) = A x 50 x 50
1000

RNA and carbohydrate estimate by ratio of readings at
260/280 and 230/260 respectively. For DNA samples the
RNA ratio should approximate 1.8 (pure RNA is 2.0).

The remaining DNA was stored at 4°C.

2.1.6. ENZYME RESTRICTION OF DNA.
DNA was digested (3m/ng) with the restriction

endonucleases BamH-1 or EcoR-1 (Pharmacia), in some
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cases additionally with Bgl-II or Hind-III (Pharmacia)
and size fractionated on 0.6% agarose gels. The DNA
fragments were then transferred onto nylon filters as

described by Southern (1975).

a) . DNA RESTRICTION

To 20 pug of genomic DNA (10 Ml.) in a 1.5 ml.
eppendorf, was added 10 pul. of x10 restriction buffer,
50 units of restriction enzyme and sterile distiied
water to make the total volume up to 100 pl. The DNA
was restricted by incubation at 37°C overnight, with
another 50 units of enzyme being added after the first

hour.

b) . ETHANOL PRECIPITATION

To the restricted DNA sample was added 10 pul. of 2.5 M
sodium acetate and 330 pl. of cold (-20°C) absolute
ethanol. After mixing, the solution was placed at -
70°C for 10 minutes, followed by centrifugation at
12000 G in a microfuge at 4°C for 10 minutes. The
supernatant was poured off and the DNA pellet dried in
a vacuum dessicator for 15-30 minutes, before being

resuspended in a small volume (16 pl.) of 1 x TE.

c). CONFIRMATION OF RESTRICTION
A standard 0.6% agarose ("mini") gel was prepared using

high melt temperature agarose in Tris-acetate/EDTA
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(TAE). To 2 ul. of the restricte@ DNA sample was added
3 ul. distiled water and 1 pl. of gel loading buffer
(bromophenol blue). The solution was heated in a water
bath at 65°C for 10 minutes, prior to loading on to the
gel. 1In addition, molecular weight standards were
loaded. The gel was immersed in TAE in an
electrophoresis tank, and a potential difference of 50
volts applied for 2-3 hrs. The gel was then stained
for 45 minutes in 0.2ug/ml. ethidium bromide in TAE,
and DNA restriction confirmed by visualisation of DNA

on an ultra-violet (UV) transilluminator.

2.1.7. SOUTHERN BLOTTING

The DNA fragments were transferred out of the gel onto
nylon filters as described by Southern (1975). Filters
were then hybridized with appropriate radiolabelled

probes.

2.1.7.1. PREPARATION OF DNA FOR SOUTHERN BLOTTING
After restriction of genomic DNA with a suitable
restriction enzyme, and confirmation of restriction by
means of a mini-gel, the next step is to prepare a full
size standard ("maxi") gel using 0.6% high melt agarose
in TAE. The remaining DNA with loading buffer was
placed into the wells, and electrophoresis carried out
overnight, at a potential difference of 20V. Following

staining in 0.2 pug/ml ethidium bromide in TAE, the DNA
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was visualised and the gel photographed on an UV

transilluminator.

2.1.7.2. DEPURINATION AND DENATURATION

To allow transference to proceed, the gel was subjected
to a process of depurination and denaturation. The
unused areas of the gel were.cut out and diécarded, and
the remaining gel depurinated by immersion in a
staining dish containing 0.25 M HCl. The dish was
placed on a shaker at room temperature for 7 minutes,
after which the gel was rinsed in UP water and the DNA
denatﬁred by immersion in a solution of 1.5 M NaCl and
also 0.5 M NaOH on a shaker at room temperature for one
hour. A change of solution was performed after 30
minutes. The gel was then rinsed in UP water again,
and neutralized by immersion in 1.5 M NaCl in Tris/HC1l
pH 8.0 on a shaker at room temperature for one hour,

followed by a final rinse in UP water.

2.1.7.3.. DNA TRANSFERENCE ON TO A NYLON MEMBRANE

This was carried out using a modified version of the
technique described by Southern (1975). A large
staining dish was filled with 20 x SSC and a perspex
sheet laid on top. After soaking 4 thicknesses of
Whatman 3MM paper in the dish, the paper was wrapped
around a perspex sheet and air bubbles removed using a

glass rod, ensuring that the ends of the paper remained
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immersed in the SSC solution. An adherent piece of
plastic film (Saran wrap) was then placed over the
soaking Whatman paper and a window cut out in the
plastic film for the gel. The gel was placed inverted
(DNA uppermost). Onto the gel was placed a nylon
filter'(Hybond N, Amersham), cut to the specifications
of the gel. Four pieces of sized 3MM paper were placed
on top, followed by a pile of absorbent towels, a
further perspex sheet and a 1 kg weight. The transfer
of DNA was allowed to proceed, but was greatly
facilitated by frequent towel changes. A minimum of 2
hours was required, with the towels being changed every
5 minutes for the first 30 minutes and every 15 minutes

thereafter.

The filter was removed, inverted and orientation
marked. It was then placed between two sheets of 3MM
paper and baked at 80°C for 5 minutes. The filter was
wrapped in a plastic film, and the DNA side placed on a
UV transilluminator for 30 seconds to cross-link the
DNA. The filter was stored between 2 pieces of 3MM

paper until required for hybridization.

To check transference of DNA onto filter, the gel was
stained with ethidium bromide and the DNA visualised on

an UV transilluminator.
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2.1.7.4. PROBE PREPARATION
This entails labelling template DNA with alpha—32P—dCTP

and purification by gel filtration on a spun column.

The probe for the human heavy-chain locus consisted of
a 2.5 kb. fragment endonucleases Ecor-1/Hind-III
genomic JH insert (C76R51A). Rearrangements of the TCR
beta chain locus were detected with 0.8kb Bgl-II CP1
insert from the cDNA clone Jurkat 2. The structure 6f
these probes is fully described elsewhere (Flanagan and

Rabbitts, 1982; Yoshikai et al., 1984).

a). RADIO-LABELLING TEMPLATE DNA
DNA was radiolabelled using the random primer method

(Feinberg and Vogelstein, 1983).

Prior to the labelling reaction, 10ng of DNA in 10 ul

L
of distilled water is denatured (heated in a hot-block
to 100°C for 5 minutes, then immediately cooled on
ice). To the template DNA in an eppendorf are added

the following reagents in the stated order.

1. Sterile UP water to a final volume of 50 uUl.
2. 2 ul. of OLB
3. 0.6 Ul. of 20 mg/ml bovine serum albumin (Sigma

A-7906) .
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4. 1 pl. of alpha->2p=dCTP (Amersham PB 10205, 3000-

4000 Ci/mM; 10uCi/pl.
5. 0.6 ul. lyphozyme large fragment E.Coli DNA

polymerase I (Klenow) (BRL 8012 LA).

The reaction is allowed to proceed at room temperature
for a minimum of 5 hours, and then terminated by the

addition of 85 pl. of stop solution.

b) . PURIFICATION OF RADIO-LABELLED PROBES

The probe was purified by removing unincorporated
nucleotides by gel filtration using spun columns
(Maniatis et al., 1984). The bottom of a 1 ml. syringe
was plugged with polyallomer wool and the syringe
filled with Sephadex G50 (5g/100ml); A packed volume
of 1 ml. was obtained by repeated additions of Sephadex
and centrifugation at 4,000 G for 5 minutes. Finally,
the column was equilibrated with 1 x TE/0.1% SDS by
additions of 100 pl. volumes and centrifugation at
4,000 G for 5 minutes, until a similar volume was

retrieved from the column after each spin.

After measuring the initial activity of the probe
solution, it was added to the prepared column and
centrifuged at 4,000 G for 5 minutes. The purified

probe solution was collected into an eppendorf tube.
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c) . MEASURING ACTIVITY OF THE PURIFIED PROBE.

The measurements were made using a Oncor radioactive
probe counter. The activities of the initiai probe
solution and the purified probe solution were measured,
and the approximate incorporation of the nucleotides
estimated by calculating the total activity of the
purified probe as a percentage of the activity of the

probe solution before gel filtration.

The weight of probe DNA was estimated by assuming
initial amount of each of the four nucleotides in the
solution to be 4 nM and the molecular weight of DNA to

be 330, as follows:
Weight of probe (ng) = % incorporation x 16 x 330

The usual incorporation of nucleotides was

approximately 60% and the probes were used immediately.

2.1.7.5. HYBRIDIZATION OF SOUTHERN FILTERS

The final concentrations of the hybridization solution
were 5 x SSC, 1 x PE, 10% PEG and 400 pg.ml. denatured
salmon sperm DNA. The filter was prehybridized by
immersion in the solution in a perspex chamber for 30
minutes at 65°C. After denaturation of the probe DNA,
0.2ng/ml. was added to the hybridization solution in

the chamber (specific activity of the probe 109
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dpm/pg) . The filter was allowed to hybridize overnight

at 65°C.

2.1.7.6. STRINGENCY WASHINGS.

The filter was extensively washed at the appropriate
stringency. For JH and TCR beta probes, four 10 minute
washes of 2 x SSC and 0.1% SDS at 65°C were followed by
four 10 minute washes of 0.2 x SSC and 0.1% SDS at
65°C. It was then dried at room temperature on a sheet
of 3MM paper and wrapped in a plastic film ("Saran

wrap") .

2.1.7.7. AUTORADIOGRAPHY.

The filter was placed in an x-ray cassette and exposed
to Kodak XAR OMAT film using a single intensifying
screen at -70°C. The exposure time varied from 12
hours to 240 hours to allow detection of low copy
sequences. The film was then developed to reveal an
autoradiographic image of dark bands of probe

hybridization to DNA in filter.

2.1.7.8. DEHYBRIDIZATION

The filter was dehybridized to allow re-use with
another probe (e.g. JH after TCR beta and vice versa).
Filters could be re-probed and dehybridized up to 6

times before any deterioration occurred.
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The filter was dehybridized by washing in 0.4M NaOH for
30 minutes at 45°C, followed by a solution of 0.1 x
SsC, 0.1% (w/v) SDS and 0.2M Tris/HCl1l pH 7.5 for 30
minutes at 45°C. The filter is dried with blotting

paper, and dehybridization checked by autoradiography.

An alternative method was used for nitrocellulose-based
filters. A solution of 0.1% SDS was boiled and poured
onto the filter in an hybridization chamber and allowed

to cool to room temperature.



96

2.1.8. PLASMID PREPARATION
The probe for the human heavy-chain locus consisted of
a 2.5 kb. EcoR1l/Hind-III genomic JH insert in

bacteriophage M13 (C76R51A).

The probe for the TCR beta chain locus consisted of 0.8

kb. Bgl-II CPBl insert from the cDNA clone Jurkat 2.

In order to produce sufficient template DNA for
probing, it was necessary to grow bacteria containing
the plasmid in large numbers. The method described
below is based on Hanrahan, and is modified for JH

insert.

2.1.8.1. PREPARATION OF JM 101 COMPETENT CELLS.

a) A frozen stock of JM 101 culture was streaked on
to freshly made minimal agar plates. Minimal agar
media plates were prepared, after mixing 100 mls. of
minimal agar (2.5% in water)-with 25 mls. 5 x A salts,
125 pl. of 20% magnesium chloride, 1.25 mls. of 20%
glucose and 125 pl of filter sterilised thiamine
(Img./ml/) 5 x A salts consisted of 5.25% (w/v)
potassium monohydrate sulphate, 2.25%‘(w/v) of
potassium dihydrate sulphate, 0.5% (w/v) ammonium
sulphate and 0.25% (w/v) of sodium citrate hydrate. 5

X A salts were autoclave prior to use.
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b) Using a single colony from agar plates, an
overnight culture was set up into 10 mls. of Psi-b.
(Psi-b consists, of 5g/1 of bacto yeast extract, 20 g/l
of bacto tryptone, 5g/1 of magnesium sulphate and pH
adjusted to 7.6 with potassium hydroxide. All media
components must be Difco. Psi-a is Psi-b with 14 g/1

of bacto agar).

c) 100 ul. of the overnight culture was used to
inoculate a fresh 10 ml. sample of Psi-b. Growth was
allowed to proceed at 37°C for 2 hours, until 0.D. at

550 nm. was 0.3.

d) A 5 ml. subculture was inoculated into 100mls. of
pre-warmed (37°C) Psi-b and grown for a further 2 hours

at 37° until the O0.D. at 550 nm reached 0.48.

e) The growth was split between 4 x 50 mls. conical
centrifuge tubes, chilled on ice for 10 minutes and

centrifuged at 4,000 G for 5 minutes at 4°C.

f) The supernatant was decanted and each pellet
resuspended in 10 mls. TfbI, which is a filtered
sterilised solution of 30 mM potassium acetate, 100 mM
rubidium chloride, 10 mM calcium chloride, 50 mM
manganese chloride and 15% (v/v) glycerol. The pH is

adjusted to 5.8 with 0.2 M acetic acid.
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g) The cells are chilled on ice for 5 minutes, and

then centrifuged at 5,000 G for 5 minutes at 4°C.

h) Each pellet was resuspended into 2 mls. filtered
sterilised TfBII and pooled. (TfBRII is 10 mM MOPS, 75
mM calcium chloride, 10 mM rubidium chloride, 15% (v/v)
glycerol and pH adjusted to 6.5 with potassium

hydroxide) .

i) The cells were left chilled on ice, and then
aliquoted into prechilled eppendorfs (200 pl. per
tube). The cells were then snap frozen in liquid

nitrogen and could be stored indefinitely at -20°C.
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2.1.8.2. TRANSFECTION OF JM 101 CELLS.

As above, minimal agar plates were prepared, frozen
stock of UM 101 culture inoculated and grown overnight.
A single colony was inoculated into 10 mls. Psi-b,
incubated at 37°C until O0.D. at 550 nm. reached 0.48 to

produce an exponentially growing cells.

2.1.8.3. TRANSFORMATION

Competent JM 101 cells were thawed at room temperature,
and left on ice for 10 minutes. 10 ng of JH phage DNA
was added to 200 pl. cells, and left on ice for 30
minutes. The cells were heat shocked at 42°C for 90
seconds and brought back to ice for 1-2 minutes. 4
volume of Psi-b was added at RT, and thén incubated

with gentle agitation at 37°C for 1 hour.

A "lawn" of exponentially growing JM 101 cells were
prepared. 2-3 mls. of exponentially growing cells were
added to culture plate, and excess drained. The plate

was dried upside down at 37°C.

After addition of sloppy agar, 50-100 pl. of phage
transformed cells were added to the plate, cultured

overnight at 37°C. Plaques (lysis sites) appear.
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2.1.8.4. PREPARATION OF VECTOR DNA.

Using a pasteur pipette, a plaque is transferred into 1
ml. of Luria-Bertani (LB) medium, énd incubated in a
Gallenkamp laboratory shaker (300 rpm) at 37°C for 6-8
hours. A 10 ml. culture of Escherchia coli JM 101 was
grown exponentially to O.D.lat 550 nm of 0.48 and added
to the 1 ml. bacteriophage preparation. This was then
added to 400 ml. of 1 x LB in a 21 Ehrlenmeyer flask,
and incubated in a shaker (300 rpm) at 37°C for 4

hours.

The following cultures were divided between six 300 ml.
centrifuge tubes and the cells harvested by

centrifugation at 11,000 G at 4°C for 20 minutes.

2.1.8.5 ALKALINE LYSIS OF CELLS

A modified Birnboim & Doly method was used (Maniatis et
al., 1984) to lyse the resulting bacterial pellets.

The covalently closed circular plasmids are unaffected
by exposure to mild alkali, which breaks hydrogen bonds

in DNA.

The plasmids regain normal configuration at neutral pH,
while the Escherchia coli remains in a denatured state.
Each pellet was resuspended in 5 mls. of lysis solution
containing 5 mg./ml. lysosyme (Sigma L-6876), 50 mM

glucose, 25 mM Tris chloride, (pH 8.0) and 10 mM
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ethylenediamine tetracetic acid (EDTA). The
suspensions were transferred to 50 ml. centrifuge tubes

and allowed to stand for 5 minutes at room temperature.

To each tube was added 10 ml. of a freshly prepared
solution of 0.2 M NaOH and 1% SDS wt/vol, mixed gently
by inversion and then allowed to stand on ice for 10
minutes. 7.5 ml. of ice-cold 5 M potassium acetate pH
4.8 (30 g glacial acetic acid to 60 ml. of 5 M
potassium acetate) was added to each tube, thoroughly
mixed and allowed to stand for 10>minutes, followed by
centrifugation of the suspensions at 12,000 G at 4°C
for 20 minutes, to pellet the cellular DNA and

bacterial debris.

The supernatant was equally divided into two 300 ml.
centrifuge tubes, and 3 volumes of cold (-20°C) ethanol
were added to each tube. After thorough mixing, the
tubes were left at -20°C for 20 minutes, and then
centrifuges at 12,000 G at 4°C for 15 minutes. The
supernatant was discarded and each pellet resuspended
in 10 mls. of 1 x Tris/EDTA (TE). The suspensions were
transferred to two 50 mls. centrifuge tubes and 5 mls.
of cold (4°C) 7.5 M ammonium acetate added to each.
After thorough mixing, the suspensions were centrifuged

at 12,000 G at 4°C for 15 minutes.
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The pellets were discarded and the supernatant divided
between four 50 ml. centrifuge tubes. Three volumes of
cold ethanol (-20°C) were added to each tube and mixed
thoroughly and then left at -20°C for 20 minutes,
followed by centrifugation at 12,000 G at 4°C for 15
minutes. The supernatant was decanted and the pellets
dried as much as possible by inversion. Each pellet
was resuspended in 2 mls. of 1 x TE to give a total

pooled volume of 8 mls.

2.1.8.6. PURIFICATION OF PLASMID DNA.

This was based upon the differential binding properties
of the covalently closed circular DNA and the linear
DNA in a caesium chloride (CsCl)-ethidium bromide
density gradient, according to the method described by

Maniatis et al. (1984).

The volume of DNA solution was measured acpurately,
after adding 1/30th of the volume of 3M sodium acetate
(PH 5.2) to lower the pH and prevent CsCl

precipitation.

For every 1 ml. of DNA solution was added exactly 1 g
of solid CsCl and mixed gently until all the salt had
dissolved. The volume was remeasured, and for every 1

ml. of solution was added 80 pl of a 10 mg./ml.
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solution of ethidium bromide in water. The final
density of the DNA solution was 1.55 mg./ml. and the
concentration of the ethidium bromide approximately 600

ug./ml.

Adjustments to density were made using the following

formula:

CsCl volume to adjust (ml.) = (1.55 - density/1.55) x
volume in mls.

Low density purple protein aggregates were formed, as a
result of ethidium bromide complexing with bacterial
proteins. The DNA solution (and protein aggregates)
were transferred to a Sorvall 11.5 ml. polyallomer tube
suitable for centrifugation in a Kontron type 65.13
titanium fixed angle rotor. The remainder of the tube
was filled with paraffin oil and balanced to two
decimal places with a balance tube. The tubes were
then sealed and centrifuged at 90,000 G at 20° for 36

hours.

2.1.8.7. ISOLATION OF PLASMID DNA.

Following centrifugation, two bands of DNA were
visualised under ordinary or u.v. light. The lower
band consisted of closed covalent circular plasmid DNA,

whereas the upper band was linear bacterial and nicked
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circular plasmid DNA. The tube was clamped to a retort
stand and a needle used to pierce the top of the tube
and allow air in. The lower band of DNA was then
collected using a syringe with a 21G hypodermic needle
inserted with the flange uppermost just inferior to the
band. The DNA solution of about 1 ml. was collected

and placed into an eppendorf tube.

2.1.8.8. EXTRACTION OF DNA.

The ethidium bromide was removed from the solution by
extraction with isopropanol/TE saturated with CsCl.
After adding an equal volume to the DNA solution in an
eppendorf tube, mixing thoroughly by inversions, the
sample was centrifuged at 12,000 G in a microfuge at
room temperature for 2 minutes. The upper isopropanol
layer containing the ethidium bromide was discarded by
pipetting. This process was repeated until the lower

aqueous DNA phase was colourless.

Further purification of DNA was by dialysis and
phenol/chloroform/IAA extractions as described above.
The concentration of the purified plasmid DNA was

determined by spectrophotometry (vide supra).
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2.1.9. PREPARATION OF THE PURIFIED INSERT DNA
(FRAGMENT PREP.)

The JH DNA sequence to be used as the probe template

was separated from the vector DNA by enzyme restriction

and agarose gel electrophoresis (Maniatis et al.,

1984) .

2.1.9.1. ENZYME RESTRICTION.

The JH template is a 2.5 kb EcoR-I and Hind-III
fragment in bacteriophage M13 (C76R51A) (Flanagan JD,
Rabbits TH. 1982). Two consecutive restrictions were
accomplished by using the enzyme requiring low salt
buffer conditions first, and adjusting the salt
concentration for the second enzyme. Alternatively,
two separate restrictions with EcoRl and Hind III were
performed followed by ethanol precipitation and

resuspension of DNA after each restriction.

To 20 Ug. of DNA was added 10 pl. of x 10 restriction
buffer, 50 units of enzyme and sterile distiled water
to make the total volume up to 100 ul. The DNA was
restricted by incubation at 37°C overnight or at lest
2-3 hours, with another 50 unit of enzyme being added
after the first hour. This was followed by ethanol
precipitation, resuspension in 1 x TE (vide supra) and

restriction with second set of enzyme.
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To the restricted DNA sample was added 10 ul of 2.5 M
sodium acetate and 330 pl of cold (-20°C) for 10
minutes, followed by centrifugation at 12,000 G in a
microfuge at 4°C for 10 minutes. The supernatant was
poured off and the DNA pellet dried in a vacuum
dessicator for 15-30 minutes before being resuspended

in 16 pl of 1 x TE.

2.1.9.2. AGAROSE ELECTROPHORESIS.

A 1.5% agarose gel was prepared using low melt
temperature (LMT) agarose ("Nusieve", Bio-Rad 162-
0017). 3 ul of gel loading buffer was added to the DNA
sample and the solution heated in a water bath at 65°C
for 10 minutes, to denature the DNa. The gel was
immersed in Tris-acetate/EDTA (TAE) in an
electrophoresis and the sample loaded onto the gel
along with molecular standards. Electrophoresis was
carried out for 2-3 hours at a potential difference of
50 volts. The gel was then stained for 45 minutes in
0.2 ug/ml. ethidium bromide in TAE and the DNA

visualised on a u.v. transilluminator.

Following electrophoresis, the separated insert and
vector bands of DNA were cut out, ensuring as clean
separation from gel as possible, and placed into pre-
weighed eppendorf tubes. The weight of the eppendorf

containing the DNA was determined, and for every 1 g.
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of gel was added 3 mls. of sterile distiled water and
the mixture boiled for 7 minutes and then stored at

4°C.

2.1.9.3. 1ION EXCHANGE CHROMATOGRAPHY.

For maximum purity of JH insert DNA, further
purification was performed by ion exchange
chromatrography on a "NACS PREPAC" mini-column (BRL

1525NP) .

The agarose gel containing the DNA was melted at 75°C,
and the volume estimated. Four volumes of 0.25 M NaCl
in 1 x TE was then added to the solution and mixed
well, followed by incubation, at 70°C for 10 minutes,
and then 45°C for 10 minutes. The column was hydrated
by washing three times with 2 M NaCl in TE and then
equilibrated by adding 3 ml. of 0.2M NaCl in TE and the
DNA sample loaded onto it. The bound nucleic acid was
washed with 5 ml of 0.2 M NaCl in TE at 42°C to remove
the agarose gel and any other éssociated impurities.

The DNA sample was then eluted with 300 pl of 2 M NacCl

in TE.

The DNA was then ethanol precipitated and resuspended
in 1 x TE (vide supra). The DNA sample was loaded onto
a LMT agarose gel and the insert fragment prepared as

before. This produced a highly specific probe, by
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removing vector sequence contamination which may have

homology to the human genome.

The resultant DNA sample was divided into aliquots

containing 5 Ug. (for in situ hybridization probes) and

10 ng. (for Southern blot probes) and stored at -20°C.
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2.2 RESULTS OF GENE PROBE ANALYSIS AND
IMMUNOPHENOTYPING

The histopathological categorisation of B-cell NHL was

based upon a modified Kiel classification (Gerard-

Marchant et al, 1974; Stansfield et al, 1988).

Peripheral T-cell lymphomas were classified according

to criteria proposed by Suchi et al (1987).

2.2.1. THE LOW GRADE B-CELL LYMPHOMAS

(TABLE 2.1) |
Of the 13 cases, 9 were classified as follicular
centroblastic/centrocytic (CB/CC) lymphomas, and the
remainder comprised lymphocytic(LYM) lymphomas of
spleen(2), mantle-zone (MTZ) lymphoma of spleen(l) and

lymphoplasmacytoid (LPC) lymphoma(l) .

The presence of a monoclonal population of B-cells on
tissue was demonstrated by finding Ig rearrangement in
all cases, and monotypic surface Ig was expressed in
all these samples except one (insufficient tissue).
With two restriction endonucleases, the JH probe
revealed 2 (6 cases), 3 (5 cases) or 4 (1 case)
additional bands to the germline. Only germline bands

were found with the TCR-beta probe.

A circulating monoclone was detected in 6/13 cases by

immunophenotyping, and all these cases had detectable
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Table 2.1 Results on low grade B-cell lymphomas.

Tissue Blood
Case | Tissue Histology + |1g Phenotype | Genotype JH lymphocyte % K: { | Monoclone | Geneotype Marrow
count (x 10 /L)| B cells A Slg JH involvement
1| LN CB/CC-F IgGK "CR¢ 3.53 13.5 7:5 - CR, -
2| LN CB/CC-F 1gGK CR , 1.16 <1.0 <11’ - germiine +
3| LN CB/CC-F IgMD CR, 2.50 8.3 <1:12.0 IgMD nwn +
4| LN CB/CC-F no tissue CR, 1.0 3.3 <1:<1 - germline +
5| LN CB/CC-F 1gGK CR 3.68 35.9 47:<1 IgGK CR, +
6| LN CB/CC-F IgMD CR, 1.08 3.2 2:3 - germline -
7| LN CB/CC-F IgN CR 4 3.75 16.1 <1:60 1gMD CR 4 +
8 | LN CB/CC-F 1gMDK CR , R.16 2.7 1:1 - germline -
8| LN CB/CC-F TgMD CR, 2.10 25.9 <1:50| IgMDGA CR, +
10 | Spleen CB/CC-F IgMDK CR, 401 75.9 87:<1 1gMDK CR, +
11 | Spleen CB/CC-F IgMDK CR , 20.2 88 768:<1 IgMDK CR, +
12 | Spleen CB/CC-F IgM CR, 0.52 215 1:1 - germline -
13 | LN CB/CC-F IgMGK CR 2.37 24 4.2 - germline +
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Example of JH rearrangement with tissue (T) and
peripheral blood (PB) from two suspected B cell cases
using restriction enzyme EcoRl on the 1left hand side.
The first two columns result from molecular weight
standards and placenta respectively. Rearranged bands

are most clearly seen in the tissue samples.

The sensitivity of gene probe analysis is explored
(right side autoradiogram) by sequential dilution of
tumour cells. Detection of rearranged bands is

possible only above 1% sensitivity.
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bone marrow involvement by conventional haematological
methods. Gene probe analysis detected a further case,
which lacked marrow involvement. Three other cases had
marrow infiltration, but no detectable circulating
clone. Plate 2.1 reveals an autoradiogram on two B-
cell lymphomé cases, and the demonstration of the

sensitivity of gene probe analysis.

2.2.2. THE HIGH GRADE B-CELL LYMPHOMAS

(TABLE 2.2) |
Of the 15 high grade cases, 9 were centroblastic (CB)
lymphoma and included a case with pre-existing features
of follicular centrobastic/centrocytic lymphoma (case
19), with secondary transformation occurring in a
submandibular node. The remainder of the high grade
cases comprised lymphoblastic (LB) lyméhoma (4), and
one case each of immunoblastic (IMM) and'pleomorphic

large cell (PLC) lymphomas.

'Monotypic surface Ig was expressed in all the tissue
samples, and confirmed by clonal Ig rearrangement with
the JH probe. A biconal population (case 23) was

readily detected by both methods.

A circulating monoclone was only detected in 2/15 cases
by immunophenotyping, with another case demonstrated by

gene probe analysis. In contrast to the low grade
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cases, this did not necessarily reflect detectable

marrow involvement.
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Table 2.2 Results on high grade B-cell lymphoma cases

Tissue Blood
Case| Tissue Histology + | Ig phenotype| genotype JH lymphocyte % K: {__ | Monoclone Genotype Marrow
count {x1 oo /L) | B cells 74N Slg JH involvernent

14 |8kin lump CB 1gMK CR, 2.23 1.0 <1:<1 - germline -
15 |Caecum CB IgG CR, 2.48 34.0 3:2 - germline -
18 |Skin Jump CcB 1gGK CR, 1.22 5.4 6:2 - germline -
17 |IN CB IgMD CR, 0.83 59 5:4 - germline -
18 |LN CcB IgMD CR, 0.66 31.5 2:37 1gMD CR, -
19 |LN CB 1gG K CR, 1.8 15.5 9:6 - germline -
20 (LN CB IgG CR, 1.13 1.3 11 - germline +
21 |IN CB 1gGK CR, 0.48 46 4:3 - germline +
22 |Stomach CB 1gMK CR, 1.57 6.0 1:1.5 - germiine -
23 |LN LB “”Hm K CR, (2 clones)] 215 208 13:11 - CR,-1 clone -
24 |LN 1B lgMK CR, 80.0 80.0 7:<1 1gMK CR , +
25 |LN LB 1gCK CR, 1.72 10.5 1:1 - germline -
26 | LN 1B 1gMD CR, 1.32 26.9 5:4 - germline -
27 | LN MM IgG CR, 0.54 2.8 21 - germline -
28 [LN PLC 1gGK CR, 0.81 08 1:1 - germline -




115

2.2.3 THE T-CELL LYMPHOMA CASES

(TABLE 2.3)
of the‘15 T-cell cases, one was a T-lymphoblastic (T-
LB) lymphoma arising in the mediastinium. Thirteen of
the remaining 14 cases were peripheral T-cell
lymphomas. On histological grounds 8 were low grade
and 7 high grade (Suchi et al, 1987). The low grade
lymphomas comprised a case of mycosis fungoides (MF),
the node showing dermatopathic features in addition to
lymphoma involvement; 3 cases of angioimmunoblastic
lymphadenopathy (AIL) like lymphoma; 3 cases of T-zone
(T-ZN) lymphoma and a case of pleomorphic small cell
(PSC) T-lymphoma. The high grade cases were
pleomorphic medium/large (PML) cell (2), immunoblastic

(IMM) T-cell (3) and large cell (LC-T) T-lymphoma (1).

A case was suspected to be a T-cell lymphoma on initial
histological criteria (vascular proliferation,
morphology of infiltrate), was phenotyped as a B-cell

neoplasm with a florid reactive T-cell proliferation.

Immunophenotyping on tissue samples confirmed T-cell
lymphomas in only 4 cases (all high grade). In the
remainder the data was either inconclusive, or could be
interpreted to offer an alternative diagnosis. Details
are given in Table 2.4. Clonal TCR rearrangements were

detected in 11/15 cases, and included one case with JH
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Table 2.3 Results on T-cell lymphoma cases

Tissue Blood
Case Tissue Histology Phenotype Genolype lymphocyte 7% Phenotype Genotype Clinical
.._. count (x10 n\rv T cells T Stage

29 LN MF inconclusive CR, 1.76 40.7 T cell clone CR, 1B
30 IN AlL AlL CR, 1.33 3.2 lymphopenia CR, [1):]
3 LN AL AlL germline 0.19 67.2 lymphopenia germline mB
32 LN AlL reaclive 7AIL germline 0.83 68.9 lymphopenia germline nB
33 |IN T-2ZN ?T-lymphoma CR, 2.08 86.68 7C04 + clone CR, mB
34 | 1IN T-ZN 2T-NHL CR, 0.88 69.8 lymphopenia CR, 1A

35 | LN T-ZN ?reactive CR, 2.3 75.3 NAD CR, B
36 | mesenteric LN| PSC inconclusive CR, 1.56 38.3 lymphopenia not done 1B
37 | mediastinal LN| T-LB T.LB CR, 1.38 70.1 lymphopenia CR, 1B
38 LN PML ?reactive ?AIL germline 0.83 50.8 lymphopenia germline 1B
39 |IN PML B-NHL germline* 6.20 70.5 High T + NK germline 1A
40 LN IMM T-1MM CR, 0.94 35.7 T cell clone CR , 1B
41 LN MM large cell NHL(T) CR, 1.33 746 Low CD4 CR 4 1A

42 | LN MM large cell NHL(T) CR, 0.20 54.8 lymphopenia CR, IVB

43 | IN T-LC ?HD ?T-NHL CR, 0.38 54.7 lymphopenia not done 1B

* clonal rearrangement shown with JH probe
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TABLE 2.4 DETAILED IMMUNOPHENOTYPING DATA ON T-CELL CASES

CASE TISSUE BLOOD HISTOLOGY
29 Inconclusive T-cell clone CD3- 4+ 8 + MF
30 AIL Mixed CD3 + 4+ /3+ B+ T-lymphopenia ‘Null’ population »ON. AlL
31 AIL Mixed CD3 +4+ /3+ 8+ T, B, NK lymphopenia AlL
32 ? Reactive 7AIL CD3+4+ predominant T-lymphopenia (CD +) AIL
33 ?T—cell NHL CD3 *+ 4+ PCD4: CDB (11:1) — CD4 * clone suspecled T-IN
34 ?T-cell NHL CD3 + 4+ T, B lymphopenia T-IN
35 Reactive? dermatopathic CD3* 4 * predominant No abnormality detected T-ZN
38 Inconclusive T lymphopenia CD4+ 8+ PSC
37 T-lymphoblastic CD1 + 7+ 6+ 2+ 3 +4+8+ T lymphopneia (mixed) T-LB
a8 ?Reactive 7AIL CD3+ 4+ predominant Lymphopenia (CD4 +, B) PML
39 B-cell NHL CD45R +19+20+IgA + High T + NK PML
40 T-immunoblastic MWM . Mm w.+ wm . T-clone CD3 ~ 4+ B+ MM
41 Large cell (T) NHL MWM-MM .um M.T Low CD4 + MM
42 Large cell G.,v NHL CD3+ 4+ DR+ Lymphopenia (T, B, NK) IMM
43 ? Hodgkins, ?7T-NHL CD3+ 4+ DR+ Lymphopenia (T, NK) T-LC
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but not C-kappa rearrangement (case 35). A B-cell case
was excluded by both immunophenotyping and gene probe
analysis. Plate 2.2 shows an example of rearrangement
seen in the blood and tissue from a T-cell lymphoma

case.

A characteristic phenotype suggestive of lymphoma in
blood was found in only 3 cases, whereas gene probe
analysis detected evidence of monoclones in 10 cases.

The majority (10/15) of suspected T-cell cases were
lymphopenic (0.19-1.38 x 109/1) at presentation.
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Plate 2.2.

C B T cC B T
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An autoradiogram of a T cell lymphoma case with blood
(B) and tissue (T) restricted with two restriction
endonucleases EcoRl and BamHI as with control tissue
(C). The 12.2 kb germline band is deleted in this case
(EcoRl) and two rearranged bands Rl and R2 are seen
(BamHI) . Interestingly, the latter rearranged band is
stronger in blood, suggesting heterogenecity of tumour

cells in nodal tissue selected.
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CHAPTER 2.3: DISCUSSION

Immunophenotyping and more recently gene analysis have
had major impacts on lymphoma diagnosis, by
demonstrating clonality and ascribing cell lineage
(Aisenberg, 1981; Arnold et al, 1983; Bertness et al,
1985; Cleary et al, 1984; O'Connor et al, 1985; Picker
et al, 1987). 1In addition, both methods have been
successfully employed in the detection of circulating
lymphoma cells (Johnson et al, 1985; Hu et al, 1985;

Brada et al, 1987; Smith et al 1984).

This study set out to compare gene probe analysis with
conventional immunophenotyping in non-Hodgkin's
lymphoma cases, in providing diagnostic clarification
and establishing differential sensitivity of

circulating lymphoma cell detection.

INTERPRETATION OF SOUTHERN BLOTS

Electrophoresis, blotting and hybridization with cDNA
probes revealed characteristic germ line bands. DNA
fragments of various sizes result from endonuclease
digestion. In DNA from polyclonal populations,
fragments of diverse size produce a 'smudge', whereas
in monoclonal B or T populations, new bands appear at
positions different from those obtained with germ line

(placental) DNA. Absence of bands may also indicate
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monoclonality due to deletion of a gene sequence at one
allele. At least 2-5% of monoclonal cells are required
in a population to produce visible and detectable
rearranged bands. However, interpretation difficulties
are frequent and may be due to technical problems,
cross-reactivity between cDNA probe and genomic
fragments, or genetic polymorphism. The latter is
overcome by using two or more endonucleases in the
generation of DNA fragments. Non-specific
hybridization can be altered by the stringency of
theprocedure. It is obviously important that the probe
should be of high purity and free of contaminating

fragments or sequences.

43 histologically diagnosed cases of non-Hodgkin's
lymphoma were entered, and the results analysed
separately by cell lineage and histological grade.
Overall DNA analysis by Southern blots to study
rearrangements of the Ig and TCR genes demonstrated
monoclonal populations and assigned B or T cell lineage
in 38 cases, confirming the clonal nature of human

lymphomas derived from B or T lymphocytes.

Immunophenotyping confirmed diagnosis in only 31 cases,

highlighting the lack of clonal markers for T-cells,
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able to differentiate neoplastic from reactive

hyperplasias.

The value of Ig light chain restriction as a marker of
clonality (Aisenberg, 1981; Picker et al 1987) is
confirmed by the results of the B—éell lymphoma cases.
Except for insufficient tissue in one sample, all cases
were phenotyped and assigned B-cell lineage. No
additional information was made available by gene probe

analysis.

About half (6/13) of the low grade B-cell cases had
circulating clones and detectable bone marrow
involvement, a well established relationship (McKenna
et al 1975; Come et al, 1980). The finding of
circulating lymphoma cells in low grade B-cell lymphoma
is not surprising, as Jaffe (1983) has called these
"benign" tumours of the lymphoid system, retaining some
of the recirculation properties of normal lymphocytes.
Experience reveals the rarity of eradicating these
tumours, and many cases in apparent remission have been
shown to have clonally rearranged Ig genes (Hu et al,
1985). Smith et al (1984) found circulating clones in
80% of patients with a normal bone marrow, using light
chain restriction and cytofluorimetry. Subsequent

studies (Hu et al, 1985; Brada et al, 1987) including
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this one have failed to achieve such rates. Patient

selection may have been a factor in their results.

Gene probe analysis detected one further cloné in
blood, which confirms the suspicion that
immunophenotyping is limited, when malignant cells are
intermixed with residual polytypic cells. Circulating
lymphoma cells and bone marrow involvement in the high
grade cases were much less frequent. These are
considered poor prognostic indicators (Fisher et al
1981). However, the relevance of circulating clone
detection, pérticularly in the low grade lymphomas is

doubtful.

A diagnosis of T-cell lymphoma was considered in 15
cases (Table 2.3). Gene probe analysis detected
monoclonal T-cell populations in the majority of cases.
Three cases of AIL-like lymphoma showed a predominance
of CD3+ 4+ and CD3+ 8+ T-subsets, with one case showing
rearrangement of the TCR gene, which is in agreement
with evidence favouring a T-cell origin of AIL
(O'Connor et al, 1986; Weiss et al, 1986) and

subsequent development of lymphoma.

The four phenotypically categorised T-cell cases were
all high grade (T-lymphoblastic, large cell and

immunoblastic) lymphomas, and the diagnosis was
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suggested by non-expression of one or several pan-T
antigens (Weiss et al, 1985). The most commonly non-
expressed antigens in the large cell or immunoblastic
lymphomas were CD1, 5 and 7. CD7 non-expression as a
T~cell clonal marker of lymphoma has been described
(Picker et al, 1987; Weiss et al, 1985). However, non-
expression orvanomaious expression of T-cell antigens
cannot be relied upon as a marker of monoclonality in
suspected T-cell néoplasms, unless corroborated by gene

probe analysis.

A striking finding in the T-cell cases was the degree
of lymphopenia (0.19-1.33 c 109/1) in the majority
(10/15) of cases. Despite this, gene probing detected
monoclones in 9 out of 13 pre-treatment bloods
submitted. The blood samples, however were
concentrated by centrifugation to achieve at least 2 x
106 lymphocytes (mononuclear cells), prior to DNA

extraction.

Blood phenotype analysis demonstrated two T-cell clones
(CD3+ 4+ 8+) and suspected another (CD4+) because of
high CD4+ and low CD8+ subsets. A further case (case
29) had 40% "null" cell population, but phenotype data
was insufficient to confirm the presence of a T-cell
clone. Non-specific abnormalities were found in the

other cases. Unlike B-cell malignancies, T-cell
"
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proliferations are heterogenous and poorly categorised,
and subject to a highly variable clinical course.
Therefore, the establishments of monoclonal

proliferations is clinically relevant.

It is generally accepted that Ig rearrangements (in
addition to TCR gene) occur in T-cell tumours (Pelicci
et al, 1985; Williams et al, 1987), which may cast
doubt on lineage specificity of clonal DNA
rearrangements. Case 35 in this study had
rearrangements of both Ig and TCR genes, but was
considered to be a T-cell malignancy on the basis of a
germline configuration with c-Kappa probe.

Furthermore, precursor T-cells may have germline DNA of
TCR beta chain with rearranged T-cell gamma chain genes
(Matsuoka et al, 1987) or rearrangement of both may be
absent in a subset of peripheral T-cell lymphomas

(Weiss et al, 1988).

Nevertheless, gene probe analysis remains a powerful
diagnostic tool, particularly in cases of lymphoma of
indeterminate cell lineage by immunological phenotype
(Asou et al, 1987), and in assigning T-cell lineage to
a heterogenous group of conditions, such as Lennert's
lymphoma (O'Connor et al, 1986b), angioimmunoblastic
lymphadenopathy (O'Connor et al, 1986; Weiss gt al

1986), malignant histiocytosis of the intestine
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(Isaacson et al, 1985) and myocosis fungoides and

dermatopathic lymphadenopathy (Weiss et al, 1985).

In summary, gene probing should only be used in B-cell
lymphomas, when histological and immunophenotype
studies are inconclusive. However, in the case of T-
cell lymphoproliferative disorders, until a specific
phenotypic marker of malignancy becomes available, gene
probing remains the only definitive investigation of
clonal analysis. The demonstration of monoclonality on
blood should be attempted despite lymphopenia, in view
of the larée number with circulating clones detected by

gene probing.
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CHAPTER 3. IN SITU HYBRIDIZATION.

This new technique was applied to routine bone marrow
trephines, to permit identification of light chain mRNA
with ¥ and A oligonucleotide probes. The aims of the
study were firstly to determine the extent to which
light chain mRNA could be detected after the process of
fixation and decalcification, and secondly to determine
light chain (clonal) restriction in equivocal cases of

myeloma.

3.1 METHODS.

3.1.1. PRETREATMENT OF GLASSWARE AND SOLUTIONS
Diethylprocarbonate (DEPC) treated and RNAse-free
solutions were used throughout, as mRNAs are readily
degraded by RNAses. DEPC was added to the solution (or
water) to be treated to a concentration of 0.1% (v/v),
thoroughly mixed, left overnight and autoclaved the

following day.

The slides and coverslips were cleaned by successive 30
minute washes in 1% lipsol, running tap water and 95%
ethanol. After drying, the slides were immersed in 23
aminopropyltriethoxysilane (APES) in acetone for 5

seconds, -followed by rinses in acetone (twice) and
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ultra pure water (twice). This facilitated adhesion
and prevented detachment of the sections during the
hybridization procedures. Each of the coverslips was
dipped info dimethyldichlorosilane, dried and rinse in

ultra pure water.

3.1.2. PREPARATION OF TISSUES.
An outline of in situ hybridization methodology is

given in Table 3.1.

For iymph node and tonsil blocks, sections were cut at

a thickness of 4 um., and mounted on APES coated slides

and dried overnight at 37°C.

Bone marrow trephines were fixed in 2% (v/v) formal
acetic acid overnight, and decalcified using 5%
trichloracetic acid (TCA) and processed for routine
paraffin embedding. Additionally, as an alternative
method, trephines were also fixed in 10% formal saline
and decaléified with neutral ethyIenendiaminetriacetic
acid (EDTA) pH 7.0. Five micron tissue sections were

cut, and mounted on APES coated slides.

Sections were dewaxed by two 5 minute incubations of
xylene and hydrated in a graded alcohol series (99% and
95%) into DEPC tieated ultra pure water, to prevent

degradation by nucleases.
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No. Stage Methodology
1 Section adhesion Aminopropyltriethoxysilane
coated slides
2 Proteolysis Proteinase K (0.1-100ug/ml
3 Probe Preparation Biotinylation
4 Hybridization conditions: Final Concentration at
Formamide (37°C)
Sodium chloride 50% (v/v)
Sodium pyrophosphate 600 mM
Polyvinyl pyrolidone 0.1% (w/v)
Ficoll 0.2% (w/v)
EDTA 5mM
Polyethylene glycol 10% (w/v)
Tris-HCl pH 7.5 50mM
5 Post hybridization washes 2 x SSC/50% Formamide (v/v)
Standard saline citrate 370
buffer (SSC) and formamide
Tris buffered saline (TBS)
6 Detection Streptavidin/biotinylated
alkaline phosphatase
7 Visualisation Fast Red/napthol/levamisole
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3.1.3. PROTEOLYSIS AND POST-FIXATION.

The sections were pre-treated with pfoteinase K
(Boehringer, 161519) at various concentrations (0.1-100
Uug/ml.) to reveal the mRNA sequences. The proteinase K
(PK) digested protein crosslinks formed during
fixation. The concentration of the enzyme required
varied with the length of fixation time and site of

RNA.

After dewaxing, ﬁhe slides were incubated n 0.2 N
HC1/DEPC at room temperature for 20 minutes, followed
by a 10 minute incubation in 2 x SSC/DEPC (standard
saline citrate buffer) at 70°C and rinsed twice in DEPC
water. The slides were then washed in 0.05 M Tris (pH
7.65) /DEPC prior to addition of 100 pl of PK onto the
sections and incubation at 37°C for one hour in a humid

chamber.

The slides were then given a 30 second wash in 0.2%
glycine/phosphate buffered saline (PBS)/DEPC followed
by a rinse in PSB/DEPC and fixation in 0.4%
paraformaldehyde/0.1 M PBS/DEPC for 20 minutes at 4°C.
After a wish in DEPC water, the slides were transferred

to a humid chamber for hybridization.
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3.1.4. HYBRIDIZATION.

The hybridization solution was made up to a final
concentration of 50% (v/v) formamidé, 600 mm NaCl, 1 x
PE, 10% (w/v) polethylene glycol, 150 pug/ml. of
denatured salmon sperm DNA and 2 ng./ml. of probe

solution.

The sections were first prehybridized in hybridization
solution without the probe. 200 pl. of solution was
added to each section and incubated at 37°C for 1 hour
in a humid chamber. The prehybridization solution was
drained away and 50 pl. of hybridization solution
containing the probe applied to each section and
coverslipped. To control sections was added 50 pl. of
solution without the probe. The slides were incubated

in a humid chamber at 37°C for 14-16 hours.

3.1.5. PROBE PREPARATION FOR IN SITU HYBRIDIZATION
BIOTINYLATED PROBES.

Cocktails of up to 15 single stranded oligonucleotide
probes (25-30 mers) were prepared using a DNA
synthesizer model 380B (Applied Biosystems, USA) from
published sequence data of the lambda and kappa gene
conserved regions. For both genes, the coding
sequences for the constant region were chosen and part
of the 3' non-coding sequence which showed no obvious

homologies with other mRNAs.
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The oligonucleotides were synthesized using
phosphoramidite chemistry, and each oligonucleotide was
given an aminoethylphosphate linker at the 5°' hydroxyl
end enabling biotinylation with biotin-ll-deoxyuridyl

triphosphate (Pringle et al., 1989).

a) LABELLING REACTION TO 3' END.
The labelling reaction uses terminal deoxynucleotide
transferase (tdt) to add homo-polymer tail to the 3°'

termini of DNA, based on the method of Deng & Wu

(1981;1983). The reaction was set up as follows:-

1. DNA (up to 10 ug.) x ul.

2. 10mM cobalt chloride 8.0 (Final concentration 1lmM)
3. dUTP-allylamine 10.0 (0.4 mM)

4. 1.2 M sodium 9.2 (140 mM) cocodylate

5. IM Tris. pH 8.0 2.4 (30 mM)

6. 2mM DTT 4.0 (0.1 mM)

7. tdt 4.0

8. DEPC water up to 35.2 80 pul.

To monitor the probe during purification, 9 Hl. of the
reaction was withdrawn to which was added 1 ul. of

32P labelled 4dCTP. Both reactions were

dilute (1:10)
allowed to proceed at 37°C for at least 2 hours (2
hours - overnight), followed by termination with 1 ul.

of 10% SDS, 2 ul. of 0.25 M EDTA and 1 x TE to a final



133

column of 100 pl. The probes were then purified by gel

filtration (vide supra) and activity determined.

b) PURIFICATION

The probe was then purified to remove protein
introduced from the dUTP allylamine. This required two
phenol extractions followed by purification repeated by

gel filtration to remove the remaining phenol.

c) CHEMICAL LABELLING OF 5' END WITH CABS REACTION.
This reaction can follow 3' labelling or started de

novo with 10 pg. DNA. 10 pl. of 1 M sodium borate (pH

8.5) is added to the DNA followed by CABS in a ratio of

1 pg. for every 1 ug of DNA. DEPC water is added to
make up to a convenient volume (100 pl.) and the
reaction allowed to proceed (2 hours - overnight). The
probe was then purified twice by gel filtration and

stored at -20°C in 1 ug. aliquots for future use.

3.1.5.1. RADIO-LABELLED PROBES FOR IN SITU
HYBRIDIZATION

358 labelled DNA probes were prepared as follows:-

1. 100 ng. DNA - denatured =/- restricted with

appropriate enzyme.
2, 10 pl. OLB (dCTP instead of dATP).

3. 1 pl. bovine serum albumin (20 mg./ml.)
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4. 4 pl. (50 uCi) of a 20 mM solution of S S-dATP-
alpha-S.

5. 1 pl. Klenow.

6. Sterile pure water up to final volume of 50 ul.

The reaction was allowed to proceed overnight, and
terminated by 50 pl. solution containing 20 mM NaCl, 20
mM Tris/HCl pH 7.5, 2 mM EDTA, 0.25% (w/v) SDS and

1 pl. 4dCTP. The probe activity was determined after
gel filtration (vide supra) and used at a concentration

of 0.2ng./ml.

3.1.6. POST HYBRIDIZATION WASHES.

After careful removal of the coverslips, the slides
were washed in 2 x SSC/50% (v/v) formamide pre-warmed
to 37°C, followed by Tris-buffered saline (50 mM

'Tris/HCl, 0.15 M NaCl, 2 mM magnesium chloride, 0.1%
(w/v) bovine serum albumin, ph 7.6), and rinsed in 0.1%
Triton X-100 in PBS for blocking non-specific binding

of detection complex.

3.1.7. DETECTION SYSTEMS.

3.1.7.1. DETECTION OF THE BIOTINYLATED PROBE.

A four stage application of streptavidin 1:10,000
(Dakopatts K 391A) and biotinylated alkaline
phosphatases 1:1,000 (Dakopatts K 391B) was used as
described fully by Pringle et al (1989). All reagent

solutions were diluted in TBS and the slides incubated
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in a humid chamber, sequentially with streptavidin and
biotinylated alkaline phosphatase for 30 minutes each

followed by a 5 minute wash with TBS after each change.

Following detection, the slides were washed in veronal
acetate buffer (VAB) one litre of which contained 3.886
g. of trihydrate sodium acetate, 5.886 g. of sodium
barbitone, 5.84g of NaCl and 10.16 g. of magnesium
chloride. The pH of the VAB solution was adjusﬁed to 9

with 0.1 N HCl. The solution was stored at 4°C.

The alkaline phosphatase was visualised using a fast
red, naphthol capture method. Fast red developing
solution was prepared by the addition of 50 mg. of Fast
red TR salt (Sigma F-1500), 25 mg of Levamisole (Sigma
L-9756) and 50 mg. Naphthol AS BI phosphate sodium salt
(Sigma N-2250) prediluted in dimethyl formamide, to 100
ml. of VAB. The slides were incubated in the solution

for 1 hour, followed by washing in ultra pure water.

The slides were then counterstained with Mayer's
haematoxylin (20 seconds) and Scott's tap water
substitute (30 seconds) with ultra pure water rinses in
between. Finally, the slides were mounted with

Apathy's aqueous mounting medium.
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3.1.7.2. DETECTION OF 358 LABELLED PROBES.

Following post hybridization washes, the slides were
rinsed in ultra pure water, dehydrated by immersion in

95% alcohol and air dried.

a) PREPARATION OF AUTORADIOGRAPHIé EMULSION.

Two hundred and forty pl. of glycerol was placed in a
dipping jar and the volume made up to 12 ml. with ultra
pure water. The solution was placed in a waterbath at
43°C and the emulsion (Ilford K5) transferred into a
measuring cylinder with plastic forceps, placed in the
43°C waterbath and stirred slowly until molten. 12 ml.
of emulsion as added to the glycerol and water in the
dipping jar, and allowed to stand at 43°C to disperse

any bubbles.

b) APPLICATION OF EMULSION ONTO SLIDES.

The slides were dipped into the emulsion, allowed to
drain momentarily and then placed onto a pre-cooled
metal plate for 10 minutes. The slides were
transferred onto the bench for 1 hour, after which they
were placed in a black plastic exposure box and left at

room temperature for 4 hours to overnight.
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c) DEVELOPING SLIDES.

The slides were transferred onto a staining rack and
developed by immersion in Kodak D19 developer for 10
minutes followed by 3 washes in ultra pure water. The
slides were then fixed by two 10 minute washes in 30%
sodium thiosulphate and washed under running tap water
for 20 minutes. Finally the slides were stained with
haematoxylin and eosin, dehydrated (95%, 99% alcohol'

and xylol) and mounted in DPX.

3.1.8. TEST STRIPS.

Test stfips were used in order to assess the
sensitivity of the detection system for biotinylated
probes, and preparation was based on a method described
by Leary et al (1983). Test strips were put through
the four stage detection system in parallel with the
slides for each in situ hybridization experiment, using

biotinylated probes.

A diluent was first prepared consisting of 9 parts 20 x
SSC and 1 part denatured salmon sperm DNA. A series of
probe dilutions were made to give DNA concentrations of
1 ng./ul; 100 pg./ul; 50 pg./ul; 10 pg./pl; lpg./ul;
0.1 pg./Hl and one tube with diluent only. The
dilutions were boiled for 10 minutes and 1 pl. volume
of each spotted onto 8 x lcm. strips of nitrocellulose

and allowed to dry before being baked at 80°C between
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sheets of 3MM paper for 2 hours. The test strips could

be stored indefinitely.

The test strips were rehydrated with blocking solution
(to block non-specific protein binding sites on the
stfips) at room temperature for 1 ﬁinute followed by
incubation in fresh blocking solution at 42°C for 20
minutes. A litre of blocking solution contained 6.056
g. of 0.05 M Tris, 8.766g. of 0.15 M NaCl, 38g. of
bovine serum albumin (Sigma A7906) and 500 pl. of Tween
20 (Sigma P1379), made up with ultra pure water, and

the pH adjusted to 7.65 with HCl.

The strips were then blotted between two sheets of
Whatman 3MM paper and dried at 80°C for 20 minutes.
Finally they were rehydrated by incubation in blocking
solution at room temperature for 10 minutes. The probe
was then detected using the 4 stage detection
technique, except that each reagent was diluted in
blocking solution and the strips washed in blocking
solution for 5 minutes between each stage. The strips

were then developed as per slides.
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3.2. RESULTS OF SITU HYBRIDIZATION EXPERIMENTS ON

SUSPECTED MYELOMA CASES.

Plasma cells in the marrow of suspected myeloma cases
ranged from 4 to 99% based on bone marrow aspirates,

trephines and immunocytochemistry (Tables 3.2 and 3.3).

3.2.1. PRESERVATION OF LIGHT CHAIN MRNA IN PLASMA
CELLS

After acid fixation and decalcification, mRNA was

poorly preserved with weaker signals than EDTA

decalcified tissues which produced consistent and

reproducible mRNA signals. Cell morphology was also

better preserved with EDTA.

Proteinase K (PK) concentration affected the strength
of mRNA signals. At lower concentrations (0.1-1.0
Uug/ml). the sensitivity of the signal was reduced but
the pattern of staining was retained. At higher
concentrations (10-100 mg/ml), there was a significant
decrease in hybridization signals, deterioration in
preservation of morphology due to digestion of tissue
sections, and non-specific signals in other cells (e.qg.

neutrophils).



Table 3.2 Results of EDTA decalcified trephines in suspected myeloma cases.
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Case | Bone Marrow % Paraprotein | BJP | Immuno- Cytoplasmic mRNA Final Diagnosis
Plasm | (g/l) ] * suppression | signals in plasma
a cells
Cells
1 Diffuse 99 IgG K (125) [+ + Exclusively K Definite myeloma
‘plasmacytosis
2 Diffuse 67 - + + Almost exclusively A | Non-secretory
plasmacytosis ; myeloma
3 Diffuse 58 I9G A + + Almost exclusively A |Definite myeloma
plasmacytosis (34.5)
4 Lymphoplasma- 20 IgG A + + Predominantly A Definite myeloma
cytoid + plasma (61.7)
cells
5 Non-diagnostic 8 IgA A - - Predominantly A Definite myeloma
(16.8) .
6 Non-diagnostic 6 -- + - Predominantly K Ideopathic BJP*
7 Non-diagnostic 5 IgG A - + border Both ¥ and A Monoclonal
(19.8) line gammopathy
8 Non-diagnostic | 4 1gG A - - Predominantly A Equivocal myeloma
(11.7)

* Bence-Jones Proteinuria
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Table 3.3 Results of EDTA decalcified trephines in suspected myeloma cases.

Case | Bone Marrow % Plasma | Paraprotein | BJP | Immuno- Cytoplasmic mRNA Final Diagnosis
Cells (g/1) * suppression | signals in plasma
cells

9 Diffuse 70 IgG A (110) |+ + Exclusively A Definite myeloma
plasmacytosis
plasmacytosis

11 Lymphoplasma 22 IgM + + Predominantly K Definite myeloma
cytoid + plasma (61.6)
cells A

12 Focal 19 IgG x - + Predominantly X Definite myeloma
plasmacytoma (22.1)

13 Non-diagnostic |6 IgA K (8.4) Both X and A Benign monoclonal

gammopathy

14 Focal 4 IgM x (3.8) |- - Predominantly ¥ Nodular non-

lymphocytosis Hodgkin's lymphoma.
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The optimal PK concentration for tonsil was found to be
5 ug/ml (Plate 3.1). The optimal conditions for
trephines were EDTA decalcification and PK
concentrations between 5 and 10 ug/ml (Plates 3.2 and

3.3).

3.2.2. PLASMA CELLS IN MYELOMA CASES

(Plates 3.2-3.4)
Strong cytoplasmic signals were present in plasma
cells, either with kappa or lambda probes, comparable
to tonsillar controls. The signals were of uniform
high intensity overlying areas corresponding to
endoplasmic reticulum. In many plasma cells the Golgi
zones were noted to have been spared (Plate 3.3) in
contrast to immunocytochemistry, indicating
differential sites of mRNA and protein localisation.
Clonal populations of plasma cells tended to form into
aggregates, in contrast to a more diffuse pattern in
reactive states, and were easily delineated by light
chain restriction. Plasma cells in non-myeloma
trephines showed hybridization signals with both kappa

or lambda probes with no overall predominance.

3.2.3. SPECIFICITY OF OBSERVED HYBRIDIZATION SIGNAL.
Specificity of hybridization signals were confirmed by
the control results. 1In all cases, control sections

incubated with hybridization solution lacking probe,
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'@ WM
Plate

3.1-3.4 Light chain mRNA in plasma cells.
3.1 In situ hybridization to kappa mRNA in
normal tonsil PK 5|ig/ml.

In situ hybridization to kappa mRNA in
bone marrow plasma cells in a case of IgG
kappa myeloma (low power)

EDTA trephine/PK
10pg/ml.
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Plate 3.1-3.4 Light chain mRNA in plasma cells.

3.3 Higher power of case in figure 2, showing
strong cytoplasmic signals and good
preservation of morphology.

3.4 Case of IgG lambda myeloma showing sheet

of plasma cells, with strong cytoplasmic
signals.
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showed complete absence of signal in plasma cells.
Furthermore, hybridization signals were completely

/h
eliminated/sections pretreated with RNAse A, confirming

that the positive signals were due to specific

polyadenylated RNA (mRNA) sequences.

The specificity of the observed hybridization signal
for cellular, kappa or lambda mRNA sequences in myeloma
cases was subsequently confirmed by serum
immunoglobulin and urinary light chain analyses.

Results also correlated with immunocytochemistry.
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3.3 DISCUSSION.

In situ hybridization has proved an invaluable tool in
the localisation of specific nucleic acid seguences in
tissue sections. This technique is now suitable for
clinical laboratory usage, due to the development of
non-radioactive nucleic acid probes and detection
systems. The most succéssful and useful of the current
methods is when biotin is incorporated into the probe
and subsequently detected by enzyme conjugated avidin
(Leary et al, 1983). A number of protocols have been
published using biotinylated DNA probes on cryostat or
routine formalin fixed paraffin sections (Burns et al,
1985; Beckman et al, 1985; Unger et al, 1986; Pringle

et al, 1987).

An oligonucleotide probe of polydeoxythymidine has been
used to detect polyadenylated mRNA in paraffin sections
of lymphoid tissue and the results have indicated good
preservation of mMRNA in routine fixed tissues (West et
al, 1988; Pringle et al, 1989%a). A method for the
detection of immunoglobulin light chain mRNA in
formalin fixed paraffin sections has recently been
developed (Ruprai ét al, 1988; Close et al, 1989;

Pringle et al, 1989Db).
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In this study, this methodology was extended to routine
bone marrow trephines. Acid fixation and
decalcification resulted in degradation of RNA,
therefore an alternative method of decalcification
(EDTA) was examined and found to preserve RNA and
improve detection. The sensitivity and specificity was
also affected by proteinase K concentration, too much
resulting in detection of endogenous biotin in cells,

due to over digestion.

Under optimal conditioﬁs, in situ hybridization
provided a direct molecular demonstration of a myeloma
clone, in terms of light chain mRNA expression. It
provided unequivocal evidence of a clonal
proliferation, even in cases where plasma cells were
only marginally raised. The current in situ
methodology detected light chain mRNA in plasma cells,
and the intensity of signal may provide an indication
of relative mRNA copy number (Lawrence and Singer,

1985).

In situ hybridization has several .distinct advantages
over other methods. The hybridization procedure is
specific, because recombinant DNA techniques have
enabled the synthesis of pure and highly specific
probes. The biotinylated probes can be prepared

quickly and stored for long periods due to their
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chemical stability. Many cases and slides can be
processed with different probes at the same time. In
situ hybridization can be applied to both fixed and
fresh tissue, and the resolution of this technique is
high, enabling precise nuclear or cytoplasmic location
in cells. Cell morphology is well preserved for
identification and histological location. Finally, the
procedure is safe (non-radiolabelled probes) and simple

to perform, in any immunocytochemical laboratory.

In situ hybridization has particular advantages in
myeloma and lymphoplasmacytoid malignancies. Being
free of problems associated with detection of
extracellular target and its uptake by other cells, it
is easier to interpret than immunohistochemistry for
immunoglobulin. Additionally, this technique will type
plasma cell neoplasma (undetected by routine
immunocytochemistry) in post-transcriptional block or
non-secretory myeloma, and is a more direct method than
flow cytometric analysis of cytoplasmic immunoglobulin

(Barlogie et al, 1984).

Furthermore, equivocal or indolent cases of myeoloma,
such as smouldering multiple myeloma (Kyle and Greipp,
1980), light chain only secretion (Kyle and Greipp,
1982) and biconal paraproteinaemia of undetermined

significance (Kyle et al, 1981) can be more fully
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characterised. Also poorly defined bone marrow
infiltrates of lymphoplasmacytoid cells can be full

typed.

In summary, in situ hybridization using biotinylated
probes on routine bone marrow trephines is useful for
the study of myeloma and related disorders,
particularly in equivocal and non-secretory cases. The
sensitivity and specificity of this technique will
allow an objective assessment of disease response
following cytoreductive therapy and bone marrow
transplantation using standard trephine biopsies. It
is a rapid (within 48 hrs), sensitive and specific
method for demonstration of light chain mRNA expression
in plasma cell malignancies, and should be useful for
both routine and research purposes. However, it has a
limited role in the vast majority of lymphoid

malignancies where immunoglobulin synthesis and

expression is uncertain and uncommon.
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CHAPTER 4. POLYMERASE CHAIN REACTION.

The polymerase chain reaction (PCR) is a rapid method
for in vitro amplification of specific nucleic acid
sequences (Erlich et al 1988; Saiki et al, 1988).
Basically synthetic oligonucleotides.which flank the
sequence of interest are used as DNA primers for the
enzymatic replication of the defined DNA sequences.
Repeated cycles of heat denaturation, primer annealing
and enzymatic sequence extension (amplification), lead
to the exponential accumulation of amplified product.
The technique is therefore able to produce large
amounts of product from small (DNA) samples. However,
the sensitivity and specificity of PCR is dependent
upon a number of variables, which require
standardisation for each set of primers and source of

template DNA.
4.1 PCR METHODOLOGY

4.1.1 STANDARD PCR PROCEDURE

The method used was based on published protocols (Saiki
et al, 1985; Erhlich et al 1988; Saiki et al 1988).

The reaction was performed using the heat stable
enzyme, Thermus aquaticus (Taq) DNA polymerasé (Perkin-
Elmer Cetus and other sources), and by following the

instructions supplied with the enzyme. All reagents
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were prepared in sterile distiled water, and autoclaved

tubes and pipette tips were used throughout.

A mpl
The DNA was extracted from fresh frozen tissue, fixed
and paraffin embedded material or cell suspensions
using standard methods (Petterson & Sambrook, 1973).
In addition, control DNA was extracted from tonsil and
placental tissue. The amplification procedure was
coupled with Southern blotting (Mullis & Faloona, 1987;
Saiki et al 1985), or by direct inspection of the
amplified DNA segments after electrophoretic separation

and staining with ethidium bromide.

Standard Reaction mixture

The reactions were carried out in a total volume of
100ul, in sterile 1.5ml microcentrifuge (eppendorf)
tubes. To each DNA sample was added an appropriate
amount of amplification buffer and nucleotides to give
a final concentration of 67mM Tris/HCl (pH8.8); 17mM
ammonium sulphate; 3mM MgCl,, 10mM fB-merceptoethanol,
Sum EDTA, 22um each nucleotide, 170 pg/ml BSA and 1.0um
of each oligonucleotide primer. Two and a half units
of Tag polymerase per tube were also included, and
reactions were overlaid with 1004l of light mineral oil
(Sigma 400-5) to prevent evaporation. Negative control

reactions were performed with each batch of
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experiments, replacing sample DNA with distiled water.

The polymerase chain reaction was performed using an
automatic temperature cycler (Cambio IHB, Cambridge).
The cycling procedure was begun with a denaturation
step, followed by annealing and primer extension. At
the end of the 25-30 cycles, the final denaturation
step was omitted and the extension step prolonged by 7
minutes. Following termination, the reactions were
allowed to cool down to room temperature, and stored at

-20°C.

Anal
The amplified DNA was visualised as bands under U.V.
illumination after ethidium bromide staining, and the
expected sizes confirmed with a known molecular weight
length standard run concurrently on the gel. Final
confirmation required DNA transference onto nylon
filters (Southern blotting) and probing with a specific

radiolabelled oligonucleotide.

R i ffer
DNA amplification was also performed using the Cetus
buffer provided, in conjunction with their Tagqg
polymerase. The final concentrations in the reaction

mixture were 10mM Tris/HCl (pH8.8), 50mM Kcl, 1.5mM
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Mgcly, 0.01% (w/v) gelatin, 1.25mM each nucleotide and

0.5um of each oligonucleotide primer.

4.1.2. ESTABLISHING OPTIMUM PCR CONDITIONS

a) TEMPLATE DNA.
Amplification was dependent on the source of template
DNA used. It was easier to demonstrate amplification
on chromosomal or plasmid DNA than human genomic DNA.
Sample handling was also of relevance. DNA extracted
from fresh frozen tissue or blood provided better
template DNA for amplification in comparison to DNA
extracted from fixed and paraffin embedded tissue. PCR
was demonstrated on fixed tissue independent of the
length of time of fixation, as long as high molecular

DNA could be extracted.

b) CHOICE OF PRIMERS.

PCR was highly dependent upon the choice of primers,
their purity and length. The length of sequence to be
amplified was also important. Generally complementary
primers over 20 bases long and guanine and cytosine
(GC) rich were highly specific. To improve purity, the
solution with the primers was ethanol precipitated and
resuspend in 1 x TE prior to use. Selection of primer
sequences from genomic DNA was a critical step for
amplification to be successful. Primer concentrations

became critical for amplifications over 30 cycles,
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requiring 1 nmol of each primer rather than only 100

pmols.

c). PRIMING TEMPERATURE.

Initially PCR was performed manually using three pre-
set water baths, and transferring the tubes by hand
after set times. HoWever, there was no indication that
the solﬁtion had reached the required temperature for
the allotted time. Amplification, not surprisingly,
was unpredictable. More reproducible amplification was
produced using an automatic temperature cycling machine
(Cambio intelligent heating block), but the machines
calibration had to be checked using a thermocouple and
a mercury thermometer. Even with the automated
temperature cycling matching, discreptiant temperature
were noted in the peripheral wells. The probability of
reaching required temperature was increased by ensuring
close (wax) contact between the sides of the well and

the microcentrifuge tube.

The priming temperature was also dependent upon the
length of primers. For oligonucleotides of 25bp (25-
mers) or greater, a higher temperature of 65°C was
used, whereas for shorter primers, a lower temperature
of 55°C or 45°C was used. In addition, the higher the
annealing temperature, the more specific the

amplification.
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The denaturation step temperature was fairly standard
at 94-95°C. The primer extension step temperature was
also found to be optimal around 70°C. The time for -
primer extension was increased for longer sequence

amplifications and at the latter part of the cycles.

d). TAQ POLYMERASE ENZYME.

The quality and source of the enzyme was consistently
found to be a critical factor. Enzymes were purchased
from many sources, and different batches and there was
much variability. Tagqg pdlymerase from Perkin-Elmer-
Cetus generally produced more reproducible
amplifications than alternative (usually cheaper)

sources.

e). AMPLIFICATION BUFFER.
The pH of the buffer was another critical factor for
successful amplification. It was found that an

alkaline pH 8.1 to 8.9 facilitated amplification.

The magnesium concentration was also found to be
critical. A low concentration produced better results.
By a series of titration experiments, a final
concentration of 1-3mM in the buffer was found to be

optimal.
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4.1.3. TEST AMPLIFICATION ON HTLV-1 TEMPLATE DNA.
The efficiency and sensitivity of PCR amplification was
initially established using HTLV-I viral genome, cloned
in the SST-I site of plasmid SP64 (Courtesy of the
Institute of Cancer Research, London). For HTLV-I
detection, primers were selected to specifically
amplify intervening conserved regions among viral

isolates. (Figure 4.1 for schematic diagram of HTLV-I).

To determine the sensitivity of detection, SST-I
restricted cloned DNA containing the HTLV-I genomic
sequences were serially diluted from 1llug to 2pg, and
amplified with the HTLV-I pol and gag gene-specific
primers, and analysed by Southern blotting. Amplified
DNA was visualised as bands on agarose gel, after
electrophoretic separation and staining with ethidium
bromide. The length of the amplified fragments were
compared with values predicted by sequence data.
Specificity of amplification was confirmed by Southern
blotting and hybridization to a specific radiolabelled

oligonucleotide probe.

The details of the primers, and amplified fragments are

shown in Table 4.1.
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Figure 4.1 Schematic diagram of HTLV-I and sites of

primers pairs used for PCR amplification.

Kilobase Pairs

1! 2 B s o) 6 i/ 8 9

410

5'LTR protease env 3LTR
gag | | pol | | px
] L l [ |
gagl gag2 x5 é
1800 2100 6800 7100

The two primers gagl and gag2 are homologous to
nucleotides 1818 to 1840 and 2031 to 2053 respectively
of the HTLV-I gag gene. The two primers x5 and x6 are
homologous to nucleotides 6867 to 6890 and 7067 to 7089

respectively, of the pX region of HTLV-I virus.
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PCR on HTLV-I DNA using primers from the GAG and pX

region of HTLV-I. Details of the sequence and

amplified products are shown.

GAG region pX region
5'-GTC AGA CCT GGA 5' CCT TCT CAG CCC CTT
Primer 1 CCC CCA AAG AC GTC TCC ACT
(1818-1840 bp; gagl) (6867-6890 bp; x5)
CAG AGC CAG AGG AAG CGC TGC CGA TCA CGA
Primer 2 ATG CCC TC-3! TGC CTT TC-3'
(2031-2053 bp; gag2?) (7067-7089 bp; x 6)
Amplified
Products 236bp 223bp

PCR temperature

denaturation 95°C x 1 minute
annealing 55°C x 5 minutes
primer extension 70° x 2 minutes

4% low melt temperature ("Nuseive™)

Gel electrophoresis 35V potential difference for 16
hours in TAE
Gel stained in 0.2ug/ml ethidium bromide for 30
Visualisation minutes, visualised under U.V. light
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4.1.4 PCR WITHﬁ-GLOBIN PRIMERS

Using the standard PCR procedures described above, 1lug
of DNA (placental, tonsil and unselected human genomic
DNA), both unrestricted and restricted with EcoR-I and
BamH-I was amplified, with commercially available B-
globin gene primers. The primers were used crude and
in a purified form by ethanol precipitation. The
amplified product was predicted to be approximately
300bp long, and was visualised under U.V. light on a
low melt temperature gel ("Nuseive") after staining
with ethidium bromide (0.2ug.ml for 30 minutes. PCR
with B-globin primers was used to establish the
efficiency and sensitivity of the amplification

procedure.

4.1.5. PCR WITH IMMUNOGLOBULIN KAPPA LIGHT CHAIN
PRIMERS
The diagram in Figure 4.2 shows some of the structural
properties of the human immunoglobulin protein. The
mature of a pre-B cell to an immunoglobulin-bearing B
cell requires an effective recombination of a light
chain variable (VL) and joining (JL) gene segment
(Hozami & Tonegawa, 1976). The kappa gene
rearrangement precedes lambda (Hieter et al, 1981;
Korsmeyer et al, 1981) and lambda gene integration only
occurs after non-functional rearrangement of both kappa

alleles. Hence demonstration of Ig kappa chain
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Figure 4.2

Immunoglobulin is a four-chain structure made up of two
heavy (H) chains and two (L) chains. Each H chain and
each L chain consists of a variable (VH, VL) and

constant part (CL, CH).

Amino acid sequences in the N-terminal half of the L
and H chains (VL, VH) are highly variable (left side).
Within the V region, a few amino acids are conserved,
showing little or no variability (light areas),
contrasting with hypervariable or complementary
determining regions (CDR). Amino acids in the CDR are

involved in the formation of the antigen-binding site.

The genes responsible for the biosynthesis of the VL
chains (right side of figure) consist of an effect”’”
recombination of a light chain wvariable (VL), a joining
(JL) with a constant (CL) gene segment. Similarly for
the VH chain, with the addition of a diversity (D) gene

segment.
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Figure 4.3

Organisation of the immunoglobulin kappa gene

representing several hundred Vi, five Jy, and a Cy
gene. Each Vy gene is preceded by a promoter and a
leader (Ly) sequence. The leader sequence itself is
not encoded by a continuous stretch of DNA, but is

split by an intron.
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rearrangement by PCR would be a sensitive marker of B

cell clonality and lineage specificity.

The arrangement of the immunoglobulin kappa gene

(Figure 4.3) consists of several hundred variable (Vy),
five joining (Jx) and a constant (Cg) gene. To
demonstrate Vi and Jy recombination by PCR, one would
need to constrict primers to the conserved regions of
each of the Vi genes and amplify with a primer

judiciously placed at the 3' end of the Jk5 gene

(Figure 4.4). On rearrangement, these primers would
then be sufficiently close to amplify the intervening

segment. The size of the amplified fragment would

depend upon which Jy gene was recombined with the Vi

gene (Figure 4.5). Therefore in a polyclonal B cell
population all five Jx genes would be rearranged and
five separate amplified products would be seen on a

gel, whereas in a monoclonal B-cell population, a

single product would predominant (Figure 4.6).

hesi fk ligh i rimer
A schematic representation of the sites of various
primers synthesized, and the theoretical sizes of the
amplified products using various pairs of primers is
shown in Figures 4.7 (a and b). The V region primer
was homologous to a conserved region of the V kappa

gene but required a degeneracy of 64 for successful
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hybridization (Figure 4.8). The sequences of the
various other primers is tabulated (Table 4.2). The
upper strand primers (Vkappa, JK-1) were used in
various combinations with the lower strand primers
(Jkappa, Cx etc). These oligonucleotide primers were
prepared using a DNA synthesizer model 380B (Applied
Biosystems, USA) from published sequence data of the
immunoglobulin kappa chain (Courtesy of University of

Leicester).
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Figure 4.4
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Figure 4.4

Organisation of the germline immunoglobulin kappa gene
and on rearrangement. PCR amplification would be
possible by selecting judicious hybridization sites in
the Vi region (Pl) and demonstration from the J5 gene
(P2). These primers would only amplify when in close
proximity, that is after V-J recombination had taken

place in the rearranged DNA.
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Figure 4.5
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Figure 4.5

PCR amplification and product size using the kappa
light chain gene, depends upon which joining (J1-J5)
gene is rearranged. J1-J5 recombination are
represented (left side) and related schematically to
amplified PCR products visualised on a gel after
electrophoresis (right side) in decreasing order of
size. All five products would be seen in the DNA from

polyclonal B cells.
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Figure 4 .6

o

a8

o

10

Q

a0 g8mo o

o6 omn

"o



171

Figure 4.6

Schematic representation of kappa light chain gene
amplification using PCR and DNA from a monoclonal B
cell population. The product size can be related to

the particular joining-variable gene recombination.
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Figure 4.7
(a) Schematic representation of the organisation of the

immunoglobulin kappa gene and sites of primers

synthesized.

Vk - Kappa variable region genes
Jk - Kappa joining region genes
Cx - Kappa constant region gene
kb - Kilobases.

Figure 4.7

(b) Approximate sizes of amplified DNA is shown using

the Viappa (upper strand and Jkappa and Ckappa Primers
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Figure 4.8

OHd SAT N9 NIO© HAL dHlL NSV dSV N3
c00°/WV  BYD HVO 2/.VL 991 9/1VY/o®/v O/ll.S

HaWIHd NOID3H A



175

Figure 4.8

The V kappa region primer 24 bases long with a

degeneracy of 64.
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Table 4.2

Various immunoglobulin kappa gene primers to the

joining and constant genes.

Letters and numbers of

primers and their site of hybridization are as shown

(Figure 4.7).

previous

-DL ODL (dq 02) £-DLD VVV (dq 17)
DVD DLD LVV LLL DOV -§ G eddey [ L1V DVD DL VO VIOV ¢ eddey r
09 LLD (dq 07) £-1OD VVV (dq 127)
8/ovD DLo/e LVD LLL DOV-§ -1 eddeyf DLV OV DL 938 3fevy DDV p-1 eddey-f
£-DDVDH VIL (dq 67)
LID VDL LVD IOL OLL LDV (1)
£-2DLLDOD ~(dq gz
VVD DLV VVD DDL 1DD 1D9 I-3D
£- VOV DDD (dq )
LLL VVV DD VOO D1V D0D eddeyD
D DOVD (dqg?) £-200 10D (@9 v7)
VOD LVV DVD VYD OVD LLD 1DL-S I-3( LLY23/0¥D D1D LV LLL DOV eddeyr
sound puens roddn 9ousnbog QWEN s1ownd puens 19mof 93udonbog SweN
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4.2. RESULTS OF AMPLIFICATION EXPERIMENTS

The initial PCR experiments determined the efficiency,
sensitivity and reproducibility of amplification using
HTLV-I viral genome, cloned in the SST-I site of
plasmid SP64 (Courtesy of Institute of Cancer Research,
London). The primers were judiciously selected to
specifically amplify conserved regions among viral
isolates. Similar experiments were performed with B-

globin primers and human DNA.

Latter experiments concerned demonstration of clonality
in B-cell lymphoproliferative conditions, using primers

directed at the immunoglobulin kappa light chain.

The chances of successful amplification was
significantly improved by switching from a manual
method (3 water-baths at set temperatures) to using an
automatic temperature cycling machine (Cambio IHB,

Cambridge) .

4.2.1. PRELIMINARY PCR EXPERIMENTS

PCR amplification of viral HTLV-I DNA was readily
obtained using primers directed against the gag and pX
gene regions (Plate 4.1). An amplified band at 230bp
was consistent with predictions based on HTLV-I
sequence data (Figure 4.1). The sensitivity of PCR

amplification was tested by serial dilutions of
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template (HTLV-I) DNA from 1lug to only 1lpg (Plate 4.2).

Occasionally additional bands and other inconsistencies
of amplification were investigated by varying reaction

mixture (Plate 4.3). Optimal conditions for retroviral
amplification were found to be an alkaline pH (8.8) and
a low magnesium concentration (3mM) in the reaction

mixture.
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~X174

Plate 4.1
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Plate 4.1

Results of HTLV-I detection with pX gene-specific
primers. 1pg of viral DNA was amplified with 1.0uM of
each pX primer. 10% of the reaction was placed into
the wells of a 4% low melt temperature gel and
electtophoresised (3 hours at 50V). The gel was
~stained with ethidium bromide and visualised under U.V.

illumination.

Molecular standard used is 0X174/Hae III fragment
showing bands at the following bp sizes:- 1353, 1078,
872, 603, 310, 281, 234, 194, 118 and 72. Lanes 1 and
2 contained human placental and tonsillar DNA. Lanes 3

- 7 all contained 1ug of HTLV-I template DNA. Note

amplified band at 230 bp (arrowed).
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Plate 4.2
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Plate 4.2

Sensitivity of PCR amplification and detection of

various serial dilutions of HTLV-I template DNA.

Lane 0 molecular standard OX174/Hae III
followed by negative control (placental DNA)

Lane 1 lng viral DNA

Lane 2 10ng viral DNA
Lane 3 10pg viral DNA
Lane 4 1pg viral DNA
Lane 5 100ng viral DNA
Lane 6 100pg viral DNA
Lane 7 1pg-viral DNA

Note a distinct band at 230bp is still visible at only

1pg of HTLV-I DNA.
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Plate 4.3
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Plate 4.3
False positive PCR amplification of HTLV-I DNA, using

pPX (pol) and gag gene specific primers. 1lug of

template DNA was amplified with 1.0uM of each primer.

Lane 0 Molecular standard OX174/Hae III

Lane 1 PH of reaction 7.5 and magnesium concentration 7mM
Lane 2 pPH of reaction 8.0 and magnesium concentration 7mM
Lane 3 PH of reaction 9.5 and magnesium concentration 7mM
Lane 4 pPH of reaction 8.8 and magnesium concentration 9mM
Lane 5 pH of reaction 8.8 and magnesium concentration 8mM
Lane 6 pH of reaction 8.8 and magnesium concentration 7mM
Lane 7 . pPH of reaction 8.8 and magnesium concentration 5mM
Lane 8 PH of reaction 8.8 and magnesium concentration 4mM
Lane 9 pH of reaction 8.8 and magnesium concentration 3mM

Note: Assay conditions in the reaction are critical
for amplification. Multiple bands indicate false

positive PCR amplification
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These assay conditions were also found to be
appropriate for amplification of human genomic DNA
using P-globin primers (British Biotechnology, Oxford).
Amplification was improved by non-specific restriction
of DNA, before PCR procedure (Plate 4.4). Another
critical factor for these experiments was the quality

of (batch) wvariability of the enzyme Taq polymerase.

PCR amplification of human DNA from lymphoma cases was
attempted, using primers directed at the Bcl-2 oncogene
and the Ig heavy chain joining region (JH) gene.
Amplifications were performed both manually and with
automated methods, using DNA from both follicular and
high grade lymphoma cases. Non consistent or
reproducible amplification was produced, which
subsequently led us to test reaction mixture conditions
and enzyme variability (vide supra), énd optimize PCR

on viral DNA first.

4.2.2. AMPLIFICATION OF HUMAN DNA USING IMMUNO-
GLOBULIN KAPPA VARIABLE AND JOINING GENE

SPECIFIC PRIMERS

The aim of this study was to develop a novel and highly
sensitive and specific method of clonal (B-cell)
detection. The polymerase chain reaction was used to

demonstrate rearrangements of the Ig kappa variable and
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joining genes in B-cell lymphomas and related
disorders. DNA extracted from human tonsil and

placental tissue was used as controls.

_ As with the Bcl-2 experiments, PCR amplification was
initially inconsistent or non-existent. the method was
modified to exclude the presence of a potent inhibitor
of Taq polymerase, which copurifies with human genomic
DNA (Franchis et al 1988). However, in our experiments
no'improvement of greater efficiency of amplification
was obses;éd by gel filtration (DNA enzyme restricted,
boiled for 5 minutes and centrifuged through a 1lml
sephadex G50 column, pre-equilibrated in 1mM Tris pH

8.0, 0.1mM EDTA).

Eventually successful amplification was produced by
using high quality Taq polymerase (Cetus) and vigilance

on technical detail.
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Plate 4.4



Plate 4.4
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Amplification of human DNA with P-globin primers

X - molecular standard )X174/Hae III

Lanes 1-5

Lanes 6-10

unrestricted DNA (1lug) with 1uM of each
primer. Note inconsistent

amplification.

DNA restricted with EcoR, prior to PCR
amplification. 1pg of restricted DNA
amplified with 1mM of each primer,
electrophoresed on 4% LMT gel and
stained with ethidium bromide. U.V.
illuminations of gel shows a band

between 300 and 400 bp (marker)
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With reactive tissues (tonsil, placenta) and polyclonal
B-cell disorders, five amplified fragments of specific
molecular sizes had been predicted (Figure 4.5) based
on recruitment of each of the five joining regions to a
variable gene. In practice, multiple bands were
obtained, making interpretation difficult (Plate 4.5).
Possibly four z amplified products could be deduced,
with the largest fragment (2kb) missing, implying
selective enhancement of the shorter fragments.

Results were similar with various permutations of light

chain primers.

Similar band patterns were seen with DNA from B-cell
lymphoma cases (presumably monoclonal or oligoclonal).
Definitivgﬁ confirmation of monoclonality was
subsequently possible by Southern blotting and
hybridization to a specific radiolabelled
oligonucleotide (Jkappa ©r Jxl1-Jx5 primers) probe.
Classically the blot showed 4 bands in a polyclonal B-
cell population and one band in a rearranged B-cell
tumour (Plate 4.6). Alternatively, the results were
less clear-cut, producing a smudge in polyclonal states

and a band in the lymphoma case (Plate 4.7).

Scrupulous attention to technical detail resulted in
some improvement in amplification success. For

example, by ensuring primer concentration excess, and



190

replenishing Taq polymerase mid-way through the cycles
resulted in more reproducible PCR amplification. In
addition, increasing the initial dénaturation step to

ten minutes at 100°C improved results.

Overall, however PCR amplification using immunoglobulin
kappa light chain primers remained inconsistent and
difficult to interpret, always requiring hybridization
to a radiolabelled probe for clarification. Some cases
were clearly successful, while other demonstrated both
cases of false positive and negative amplifications,
although these were reduced by scrupulous efforts at

technical detail.
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Plate 4.5



192

Plate 4.5

PCR amplification of polyclonal B-cell populations,
using immunoglobulin kappa light chain primers, showing
multiple bands and making interpretation difficult.
Certain bands occur consistently, suggesting successful

amplification with at least some pairs of primers.
Lane 0 - molecular standard 0X174/Hae III

Lanes 1-3 Tonsillar DNA with various primers

Jx1 and Cgkjq (Lane 1)
Jx1 and Ckoz (Lane 2)

Ckx1 and Vy (Lane 3)

Lanes 4-6 Tonsillar DNA (different source) with various
primers

Jxi1 and Cki (Lane 4)
Jx1 and Cxo (Lane 5)

Cx1 and Vi (Lane 6)

Lanes 7-9 Placental DNA with various primers

Jkl and Cy; (Lane 7)°
Jk1 and Cxo (Lane 8)

Cx1 and Vi (Lane 9)

On low melt temperature gel (4%) stained with ethidium

bromide and wvisualised under U.V. illumination.
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Plate 4.6

Southern blot confirmation of PCR amplification using
immunoglobulin kappa light chain primers, required
hybridization to a 32P radiolabelled oligonucleotide
probe. In this case, DNA from placenta (P), tonsil (T)
and B-cell lymphoma (L) case is pre-digested with
endonucleases Sac-I and Pst-I. Note confirmation of
polyclonal B cell in Tonsil (2kb Jl1 was not amplified
as shown previously), but not rearranged in placental
tissue. The lymphoma case clearly shows a monoclonal
rearrangement involving the immunoglobulin kappa gene

J4.
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Il

Plate 4.7
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Plate 4.7

Autoradiogram after hybridization with a 32P labelled
probe in DNA subjected to PCR amplification with
immunoglobulin kappa light chain primers. There is
less clear-cut demonstration of polyclonal B-cells from
two tonsils (A and B) producing a smudge and not clear
bands. However, a B-cell lymphoma case (C) shows a

single band implying monoclonality.
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4.3 DISCUSSION.

Comparison of gene probe analysis with immuno-
phenotyping, reveals that for the vast majority of B-
cell lymphoproliferative conditions, little additional
discriminative or prognostic information was obtained
with Southern Blotting. In addition, there were
technical problems with Southern blot analysis of
antigen receptor genes, including the limited
sensitivity of the procedure (about 1-5% tumour to
normal cells), the time necessary to obtain
interpretable results and the reliance on radioactivity
to detect rearrangements. Sensitivity is a
particularly important issue in monitoring residual

disease after therapy.

For this purpose we have recently adapted the
polymerase chain reaction (Saiki et al, 1988; Erlich et
al, 1988) technique, to provide a specific and
sensitive method for detection of B-cell clones in
reactive and neoplastic states. A set of gene-specific
primers were synthesized to hybridize to immunoglobulin
kappa variable and joining genes at selected-locations,
and the PCR was used to amplify the intervening
segments. Amplified DNA of different kappa gene clonal
rearrangements was visualised directly by ethidium

bromide staining following electrophoretic separation.
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Different clonal rearrangements were identified by size
characteristics, compared to theoretical DNA segment
amplification spanning the variable and the five
joining genes and confirmed by probing with
radiolabelled joining region specific oligonucleotide
sequences. This method was applied to fixed paraffin-
embedded archival tissue, in addition to fresh

histological samples and cell suspensions.

As with any developmental work there were teething
problems. Our initial experiments were designed to
find the optimum PCR conditions, and identify courses
for sub-optimal amplifications. The polymerase chain
reaction is a powerful technique and requires a
scrupulous emphasis on detail to exclude false positive
and negative reactions. 1Initially our efforts were
hampered by a lack of assurance on the quality of the
enzyme Taq polymerase from several sources, and by

batch to batch variability within each source.

Besides quality and reliability of Taq polymerase,
other factors were also identified in producing false-
negative reactions. Optimal conditioné for enzyme
activity were dependent upon the reaction buffer and
mixture, and these were established by a series of

experiments. Generally an alkaline pH of 8.8 and a low
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magnesium concentration of 3mM were found to be

suitable.

Initially, the concentration of the primers was not
considered to be critical on theoretical grounds of
assumed excéss. Subsequently, it was shown that the
consistency and reproducibility of amplification was
improved by increasing the concentration of each primer

from 100 pmols to 1 UM in the reaction.

The hybridization times and temperatures were based
upon studies described in the literature and our own
practical experience. It was found that amplification
could be improved by having an initial prolonged
denaturation step of ten minutes at 100°C, and by
omitting the final denaturation step and extending the
extension step for a further seven minutes. Of course,
this assumes the differential temperatures machine is
properly programmed, and the reaction mixture reaches
the stated temperature for a the fequired time. In
practice the machine was calibrated using a
thermocouple and a mercury thermometer prior to
experimentation, and commonly the outer wells were

found to be wanting.

Other causes of false negativity were less easy to

control. Ultimately primer annealing and amplification
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is dependent upon the synthesis of pure and highly
specific primers of complementary sequence. Selection
of priming sites therefore is important, and effort is
made to select specific sites that show no cross-
hybridization to other parts of the genome, and also
sequences rich in guanine/cytosine (GC-rich) which
favour hydrogen bonding. However, one needs to account
for genomic variability and introduce degeneracy where
this is known. Self-hybridization of primers may be

another reason for negative results.

In our study, the possibility of a potent inhibitor of
Tag polymerase which copurified with human genomic DNA
(de Franchis et al, 1988) was investigated but not

substantiated.

Of more concern, are false positive reactions (Lo et
al, 1988) and are usually the result of contamination
particularly plasmid DNA. The advantage of the
technique is also its disadvantage: the sensitivity of
the method results in detection of trace amounts of
contaminants (Marx, 1988). Therefore great care was
taken in the preparation of template DNA before
amplification. As far as possible the PCR machine and
reagents were physically isolated from other molecular
biology experiments, especially plasmid preparations.

Buffers, primer solutions and reagents were aliquoted
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out into small volumes, and each aliquot used once only
and discarded to prevent cross contamination. Finally,
internal positive and negative controls were used in
each experiment to assess the likelihood of
contamination, and verified by lack of hybridization to

a specific radiolabelled probe.

Other causes of false negative reactions may be due to
sequence similarities (i.e. wrong selection of priming
sites) or artefact of hybridization. In general
scrupulous efforts at technical detail and laboratory

procedure would obviate many of the above difficulties.

The efficiency and sensitivity of PCR amplification was
tested with HTLV-I viral genome and primers, human DNA
and B-globin primers and DNA of lymphoid origin and
Bcl-2/JH primers. Kwok et al (1988) have successfully
applied the DNA amplification procedure (PCR) to
facilitate detection of HTVL genomic sequences, using
portion of the pol gene and x region as targets for
primers. We used similar experiments to standardise
and optimise PCR amplifications, as well as P-globin
primers in human DNA experiments. There was a distinct
lack of amplification using Bcl-2/JH primers in DNA
from malignant lymphoma, despite documented evidence to
the contrary (Stetler-Stevenson et al, 1988). Once the

source of the failure was determined to be a poor batch
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of the enzyme Taqg polymerase, the Bcl-2 experiments
were not repeated through lack of primers. In any
case, the aim of this study was to develop novel and
specific primers applicable to all B-cell malignancies,
and work was started on judiciously selecting primer'
sites on the immunoglobulin kappa light chain, variable

and joining gene.

Based upon rearrangement of each of the five joining
region genes with the immunoglobulin kappa variable
gene, five different fragment sizes of amplification
were predicted in polyclonal or reactive B cells.
However, in the event only four bands were produced,
with the shortest fragment band being the most
consistent. This implied selective enhancement and
amplification of the shorter fragments. Despite
selection of different priming sites, five fragments
were not amplified. Therefore in practice, the
distance between priming sites is important and shorter
amplifications are preferentially produced, even if

extension times were lengthened.

With monoclonal B cells, amplification produced several
fragments on a gel after electrophoresis and staining,
but the monoclonal rearrangement was clearly delineated
by size density from the other (fainter) bands on

subsequent probing. Different priming sites produced
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consistent results, although reproducibility was not

guaranteed.

Clearly this method requires further refinements and
developments to make it more specific and rep;oducible.
This study has shown that potentially this technique is
a highly sensitive, specific and rapid way of |
distinguishing clonal from polyclonal B cells. This
procedure requires 1 mg or less of DNA and is more
rapid than the conventional Southern blotting. Other
workers have recently developed a similar technique
using the immunoglobulin heavy chain locus (Brisco et
al., 1990) to differentiate clonal from polyclonal B
cell populations, and clearly have had more
reproducible and consistent results. The
immunoglobulin kappa light chian, in retrospect is a
less amenable gene to PCR amplification, than its

sister the heavy chain gene.
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CHAPTER 5: AN OVERVIEW AND DISCUSSION

The lymphomas are an important and heterogeneous group of
neoplastic disorders originating from the immune system.
Major progress has been made in the curability and long
term remission rates due to advances in immunology,
cytogenetics and molecular biology which have permitted
increasingly refined clinical/pathologic correlations and

definitions of specific subsets of lymphomas.

The major determinants of clinical patterns of disease
and of progression are the cell type of origin (state of
differentiation) and the pattern of growth within
involved lymph nodes (follicular or diffuse). However,
whereas in the last half century, only 2 classifications
of Hodgkin's disease have been proposed, there has been a
multiplicity (20 or more) of classificétions of NHL
resulting in widespread confusion (vide supra). Rarely
did these classifications fulfil the criteria of
reproducibility, clinical relevance or gain common usage
and terminology to allow comparison of results of
clinical trials or aid communication between individuals

practising the same discipline world-wide.

Recently, however attempts have been made for a consensus
in the classification of lymphomas (Lennert, 1983,
Rosenberg, 1982), With the working formulation gaining
favour in the United States, and the updated Kiel
classification (Stansfield et al 1988) in Europe. Even

these newer classifications will require further updating
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as new clinicopathological entities become established
from the application of advances in immunology,

cytogenetics and molecular biology.

The use of modern immunohistochemical markers and
techniques on involved tissues have been instrumental in
diagnosis, but difficulties are well recognised and have
already been discussed (Sections 1.5.1-1.5.3).
Immunophenotyping (Section 1.5.4) has had a major impact
in the diagnosis of the lymphoproliferative disorders,
and have led to important insights into lymphocyte
differentiation and cellular origin of lymphoid
malignancies. But here too diagnoétic difficulties

occur, particularly with the T cell neoplastic disorders.

The advent of DNA analysis and application of molecular
biology techniques in the diagnosis and classification of
lymphoproliferative disorders has shown great promise,
exemplified by immunoglobulin and T cell receptor gene
probe analysis of lymphoid neoplasms. This study set out
to assess the value of these novel techniques in routine

diagnostic lymphoma work-up.

Gene rearrangement analysis (Southern blotting) provided
diagnostic classification in B and T cell lymphomas
(Chapter 2, Sections 2.2, 2.3). However, this technique
is neither simple or rapid, and a result usually takes
about a week or 10 days to appear. Interpretation of a

result as indicating monoclonality is based on the
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identification of a band or bands appearing at positions
disparate from control germ-line DNA. Faint or
indistinct bands may require hybridization of a radio-
labelled probe and autoradiography onto x-ray film up to
teqd,days. The technique's sensitivity is such that
rearranged bands are often detectable if at least 2-5% of

the cells in the tissue providing the DNA are monoclonal.

Difficulties of interpretation are frequent, due to
technical artifacts, genetic polymorphism within the B
and T receptor gene regions, and impurities in the probe
left from contaminating fragments of DNA from the vector
in which it has been biosynthesised. Misleading results
may also occur in cases showing paradrenal gene

rearrangements and lineage infidelity (Section 2.3).

Nevertheless, gene probe analysis was shown to be useful
in T cell neoplasms, which lack a specific phenotypic
marker. In the vast majority of B cell cases, gene
rearrangement analysis provides no additional information
over immunophenotyping. Gene probe analysis cannot be
recommended as a routine procedure in the majority of
lymphomas, and should be reserved for the uncommon T cell
cases and the rare B cell lymphomas which are not

categorised by immunological techniques.

In situ hybridization provides direct molecular
demonstration of specific nuclei acid sequences in tissue

sections, with anatomical preservation of cellular detail
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(Chapter 3). 1In this study, this methodology was
extended to routine bone marrow trephines, to determine
localisation and detection of immunoglobulin light chain
mRNA in formalin-fixed paraffin sections based on
published protocols (Burns et al, 1985; Beckman et al

1985; Unger et al, 1986; Pringle et al 1987).

The results on suspected myeloma cases under optimal
experimental conditions were specific and sensitive
(Section 3.2). 1In situ hybridization has particular
advantages in myeloma and lymphoplasmacytoid
malignancies, and these have been enumerated already

(Section 3.3).

This study has shown the usefulness of in situ
hybridization using non-radiocactive biotinylated probes
in routine laboratory usage. It is a rapid, sensitive
and specific method. However, it ha a limited role in
the majority of lymphoid malignancies, as immunoglobulin
synthesis and expression is uncommon. But in situ
hybridization has great potential for future applications

in the lymphoproliferative disorders.

In situ hybridization can be modified to detect any
specific nucleic acid sequence, as recombinant DNA
techniques have enabled the synthesis of pure and highly
specific probes. It can be applied to both fixed and

fresh tissues, and the resolution of this technique is
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high, enabling precise nuclear or cytoplasmic location in

cells.

Future prospects include "double labelling" allowing
precise identification of cell types based on surface
determinants, and additional detection of specific
nucleic acid sequences. Future target sequences for
oligonucleotide probes may include interleukins,
interferons and other cytokines. 1In situ hybridization
is likely to find increasing applicability in the field

of lymphoid disorders.

The polymerase chain reaction (PCR) is an in vitro method
for the primer directed enzymatic amplification of
specific DNA sequences (Saki et al, 1985, 1988), and has
rapidly become an invaluable technique for a wide variety

of clinical disorders.

PCR has been used to detect neoplastic haematological
disorders with well-defined, characteristic gene
rearrangements, such as chronic myeloid leukaemia (Lee et
al, 1988) and follicular lymphomas (Lee et al, 1987).
However, many disorders including many B cell lymphomas
lack such clear, consistent genetic markers. The B cell
lymphoma represent progressive expansion of a clone of
neoplastic lymphocytes, and all cells in the clone
contain the same unique immunoglobulin (Ig) gene
rearrangement. The rearranged gene thus provides a

potential marker for the neoplastic clone.
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CONCLUSION

The PCR once established and optimised for a set of
primers is clearly the most sensitive and specific method
for demonstrating clonality in human lymphoid
malignancies. It surpasses gene rearrangement studies
based on Southern blotting, by its speed (unnecessary to
probe in many cases when specific fragment visible on a
gel; Southern blot commonly takes 7-14 days for full
analysis), sensitivity, (PCR can amplify picogrammes of
DNA) and specificity (due to preparation of highly

specific primers).

PCR can also amplify impure, fragmented DNA found in
archival paraffin wax embedded tissues. DNA may be
extracted from these tissues by standard methods, or DNA
may be amplified directly from a previously dewaxed
section (Shibata et al, 1988), obviating the need for
lengthy purification procedures. Therefore PCR has the
great advantage of being able to amplify poor quality DNA
samples, obtained by relatively simple extraction

methods.

The PCR has a great potential for the genetic analysis of
tissues, particularly in relation to lymphoid
malignancies. These include detection of minimal
residual disease (MRD) in cases of the t(14;18) (932;921)
chromosomal translocation (Lee et al, 1987; Stetler-

Stevenson et al, 1988), detection of clonality in
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suspected lymphoproliferative disorders, identification
of point mutations in cellular proto-oncogenes (Haliassos
et al, 1989), and amplification of viral sequences

present in lymphoid malignancies (Kwok et al 1988).

PCR amplification using the Bcl2/JH sequence has been
successfully applied in the majority of follicular and
some high grade lymphomas (Lee et al 1987; Stetler-
Stevenson et al 1988). Therefore PCR in lymphoma cases
with the t(l4;1%) chromosomal translocation is both
informative anqz. As demonstrated in this study, good

quality Taqg polymerase and standardised conditions are

essential for successful amplification.

The detection of viral infections in lymphoproliferative
disorders are important, and PCR can be exquisitely
sensitive in this area. HTLV-I is aetiologically related
to adult T cell lymphoma/leukaemia, and detection is
relatively simple using PCR. Using PCR amplification,
other viral agents may be related to other lymphoid

malignancies in the future.

A major aim of this study was the determination of MRD
using PCR. As treatment becomes more'thorough in
eradicating lymphoid tumours, a sensitive marker of MRD
is required. PCR fulfils the criteria of sensitivity,
but specificity depends upon judicious selection of
primary sites, and gene sequence selected for

amplification. Designing specific and non-cross reacting
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primers to hybridize onto suitable DNA sequences in the

human genome is of critical importance.

In this study, the immunoglobulin kappa light chain was
selected as being suitable for amplification in B cell
malignancies, for reasons already alluded to above.
Specific priming sites were selected in the variable and
joining gene regions. This study demonstrated that PCR
amplification across these sites was possible, although
difficult. More consistent and reproducible
amplification has been demonstrated using the Ig heavy
gene (McCarthy et al, 1989). This study therefore
demonstrates that the selection of a gene and gene
sequence is also critical for successful amplification.
Clearly, further investigations of the applicability of
the immunoglobulin PCR technique are required, and its
role in the diagnosis and detection of MRD in a variety
of B cell neoplasms needs further clarification. PCR
remains a powerful, investigative diagnostic tool, but at
present has more of a research role, than routine

clinical usage in lymphoma work-up.

PCR is a powerful technique but this advantage is also
its disadvantage, the sensitivity of the method results
in detection of trace amounts of contaminants (Marx,
1988) and false positive reactions (Lo et al, 1988).
False negatife reactions also occur, due to genomic
variability and self-hybridization of primers.

Establishing PCR technique was beset with difficulties as
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there are many variables to consider, which have been
already discussed (Section 4.3). With meticulous
attention to detail, PCR can be a powerful tool. Results
suggest establishing PCR is easier with viral sequences,
than complex and highly variable sequences in the human

genome.

This study therefore suggests that for diagnostic
lymphoma work, PCR remains a research tool despite its
premature introduction into many routine laboratories.
With further developments, no doubt PCR will become
established as a routine diagnostic tool in lymphoid

neoplasms.

Finally, the question of the place of molecular
techniques in lymphoid neoplasms, given the excellent
conventional methods which are now available routinely in
many laboratories. Many laboratories have developed
great expertise in lymphoma diagnosis and have been able
to overcome the technical difficulties discussed already
(Section 1.5.1). With the establishment of the
standardization of immuno-histochemical markers and
techniques, the vast majority of lymphomas can now be
diagnosed accurately and rapidly by an expert
histopathologist. Consensus in diagnosis has been
facilitated by establishment of local and regional
lymphoma panels, and improved classification of malignant
lymphomas based more on clinicopathological entities

(Rosenberg, 1982; Stansfield et al, 1988).
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The immunological methods described in Section 1.5.4. are
applicable and often diagnostic in lymphoma diagnosis.
But in many cases, immunophenotyping merely confirms a
diagnosis which is clear on the basis of well established
clinical and morphological criteria, and these relatively
expensive and labour-intensive methods are not necessary.
However, in other area, immunophenotyping may be crucial

to diagnosis, prognosis and treatment.

Molecular techniques, like immunological methods should
be applied selectively, when the results are needed to
clarify diagnosis, and not merely to confirm what is
apparent from simpler and less expensive clinical and
laboratory assessment. The mere availability of a
technique should not be sufficient Jjustification for its

use.

Gene rearrangement analysié,'(Southern Blottihg) is now
an established technique, and as shown above is useful in
suspected T cell neoplasms and rarely in some B cell
cases where diagnostic clarification is required. Ih the
former, immunological markers are unsatisfactory and
reactive states may be difficult to differentiate from
neoplasms by conventional techniques. It must be
stressed however that gene analysis is expensive, time
consuming and labour intensive, and is not a technique

whereby clinicians can await the results before beginning
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treatment. The management will be dictated by the

clinical situation and other preliminary investigations.

With low grade B cell tumours, rarely would one need to
resort to molecular techniques for clinical management.
There is little point in demonstrating occult or minimal
residual diseasé, as it is well known that these tumours
are rarely curable. Using highly sensitive techniques
such as PCR appears inappropriate until further
therapeutic options become available, as the management
of these tumours is unaffected by the result of these

investigations at present.

With high grade B cell lymphomas, detection of occult or
minimal residual disease is more relevant particularly
after cytoreductive therapy (including bone marrow
transplantation). These tumours are all potentially
curable, and therefore the application of highly
sensitive methods at detection of residual lymphoma is

appropriate.

The polymerase chain reaction would then be invaluable.
The exquisite sensitivity of this technique has been
demonstrated by detection of mitochondrial DNA from
single hairs (Higuchi et al, 1988), and in particular by
detection of one lymphoma cell in 106 normal cells
(Cresenzi et al, 1988), which would reveal the
subclinical presence of malignant cells in patients

thought to be in complete remission.
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The modification of this technique as described with the
immunoglobulin variable and joining gene primers, would
provide a rapid PCR method for distinguishing clonal from
polyclonal B cell populations and would be applicable to
blood, biopsy tissue and serous fluids from B cell

lymphoma patients.

The fact that such complex events in the human genome can
be mapped using primers to judiciously selected
hybridization sites, establishes the extreme versatility
and potential of PCR in human lymphoid malignancies.

With suitable primers, PCR can be modified to study T
cell malignancies or in fact any rearrangements in health
and disease. The extreme sensitivity of PCR is however,
also its disadvantage and scrupulous efforts have to be
made to exclude false positive reactions. PCR remains a
research tool at present and therefore has limited though

important applications in lymphoma diagnosis.

In situ hybridization is an exquisite technique for
localisation of specific nucleic acid sequences with
morphological preservation of cells and tissues.
Therefore a signal may be equated and localised to a
particular cell type. This technique has been useful in
mature lymphoid malignancies particularly multiple
myeloma and can be applied to fresh and fixed tissues,
including bone marrow trephines. This technique will

continue to be useful for DNA or RNA localisation in
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various cells and tissues, but remains a predominantly
research tool; as other less expensive conventional
techniques are available, and a certain amount of
expertise is required.

-C
This all suggest/that molecular techniques are not going

A
to be available in every district general hospital. For
a centre to gain sufficient expertise and experience, it
requires a fair amount of referrals to use these
techniques. Therefore in my opinion, molecular
techniques have an important though small place in
diagnostic lymphoma work and should be organised
regionally at University Departments, which also have a
commitment to on-going research into these techniques.

These regional centre would provide a diagnostic service

for referring clinicians and hospitals.

Advances in the treatment of malignant lymphomas,
including bone marrow transplantation and the use of
lympholytic monoclonal antibodies (Hale et al, 1988) have
provided a major impetus at more precise diagnostic
methods and the detection of occult or minimal residual
disease (MRD). 1In addition, clinicians are now more
aware of the long term complications of chemotherapy,
particularly second malignancies (Canellos et al, 1975)
and therefore treatment is used judiciously based on the
cellular type of malignancy and the risk of subsequent
relapse. Molecular techniques therefore would have an

important role at precise and sensitive localisation of
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lymphoid neoplasms, and the detection of MRD after bone
marrow transplantation or treatment with lympholytic
monoclonal antibodies. Already, successful bone marrow
engraftment has been investigated by methods which are
able to distinguish between donor and host cell
populations (Hutchinson et al, 1989), and found to be
sensitive determinants of engraftment, leukaemic relapse
and detection of chimaeric states. Future prospects in

this field appear promising.



I should like to express my appreciation to everyone in
the Department for their support, encouragement and sense
of humour, but especially to Howard Pringle, Kevin West,
Phil Rye and Anita Ruprai. I am also very grateful to

Tina Craig for her patience and assistance.

My thanks to everyone in the Haematology Department, in
particular, to J. Keith Wood for his continued interest

and support.

Finally, I should also like to thank Professor Ian Lauder

for advice and supervision of this project.



REFERENCES



Aisenberg AC. Cell surface markers in
lymphoproliferative disease. N.Eng.J.Med. 1981; 304:
331-336.

Akhtar N, Thompson J, Durrant STS, Angel CA, Lauder I,
Wood JK. The clinical relevance of plasma viscosity in
Hodgkin's disease. Clin & Lab.Haematology. 1991; 13:
1-8.

Angel CA, Warford A, Campbell AC, Pringle JH, Lauder I.
The immunohistology of Hodgkin's disease- Reed :
Sternberg cells and their variants. J. Pathol; 153:
21-30

Armitage JO, Dick FR & Corder MP. Diffuse histiocytic
lymphoma complicating chronic lymphocytic leukaemia.
Cancer. 1978; 41: 422-427.

Arnold A, Cossman J, Bakshi A, Jaffe ES, Waldman TA,
Korsmeyer SJ. Immunoglobulin gene rearrangements as
unique clonal markers in human lymphoid neoplasms.
N.Eng.J.Med. 1983; 309: 1593-1599.

Asou N, Matsuoka M, Hattori T, Nishimura H, Ishii T,
Takatsuki K. Genotypic analysis of lymph node cells
from patients with phenotypically undetermined cell
lymphomas. Leukemia. 1987; 1l: 725-7209.

Barlogie B, Alexanian R, Pershouse M, Smallwood L &
Smith L. Cytoplasmic immunoglobulin content in
multiple myeloma. J.Clin.Invest. 76: 765-769.

Barnes N, Cartwright RA, O'Brien C et al. Rising
incidence of lymphoid malignancies - true or false?
Brit.J.Cancer. 1986; 53: 393-398.

Bartl R, Frisch B, Barkhardt R, Fateh-Maghadam G,
Gierstev P, Sand M, Kettner G. Bone marrow histology
in myeloma: its importance in diagnosis, prognosis,
classification and staging. Brit.J.Haematol. 1982; 51:
361-375.

Beckman AM, Myerson D, Daling JR, Kiviat NB, Yenoglio
CM McDougel I. Detection and localisation of human
papilloma virus DNA in human genital condylomas by in
situ hybridization with biotinylated probes.
J.Med.Virol. 1985; 16: 265-273.

Bennett MH, Farvar-Brown J, Henry K et al.
Classification of non-Hodgkin's Lymphoma. Lancet.
1974; ii: 5e4.



Bertness V, Kirsch I, Hollis G, Johnson B, Bunn PA. T-
cell receptor gene rearrangements as clinical markers
of human T-cell lymphomas. N.Eng.J.Med. 313: 534-538.

Bird CC, Lauder I, Kellett HS et al. Yorkshire
Regional Lymphoma Histopathology Panel: Analysis of
five year's experience. J.Path. 1984; 143: 249-258.

Blattner W, Blayney D, Robert-Guroff M et al.
Epidemiology of human T-cell leukaemia/lymphoma virus.
Journal of Chronic Diseases. 1983; 147: 406-416.

Brada M, Mizutani S, Molgaard H et al. Circulating
lymphoma cells in patients with B and T non-Hodgkin's
lymphoma detected by immunoglobulin and T-cell receptor
gene rearrangement. Br.J.Cancer. 1987; 56: 147-152.

Brenner MB, McLean J, Dialynas DP, Strominger JL, Smith
JA, Owen PL, Sideman JG, IP S, Rosen F, Krangel MS:
Identification of a putative second T-cell receptor.
Nature. 1986; 322: 145-149.

Brisco MJ, Tan LW, Orsborn AM, Morley AA. Development
of a highly sensitive assay, based on the polymerase
chain reactin, for rare B-lymphocyte clones in a
polyclonal population. Brit. J. Haemat. 1990; 75: 163-
167. - '

Burke JS, Byrne GE & Rappaport H. Hairy cell leukaemia
(leukemic reticuloendothelious).I. A clinical
pathologic study of 21 patients. Cancer. 1974; 33:
1399-1410.

Burkitt DP. A sarcoma involving the jaws in African
children. Brit.J.Surg. 1958; 46: 218.

Burkitt DP. Etiology of Burkitts. . Lymphomas. An
alternative hypothesis to a vectored virus. Journal of
the National CancerInstitute. 1969; 42: 19-28.

Burns J, Cham VT-W, Jonasson JA, Fleming KA, Taylor S,
McGee JO'D. Sensitive system for visualising
biotinylated DNA probes hybridized in situ: rapid sex
discrimination of intact cell. J.Clin.Pathol. 1985;
38: 1985-1992,

Caccia N, Bruns GAP, Kirsch IR, Hollis GF, Bertness V,
Mak TW. T cell receptor o chain genes are located on
chromosome 14 at 14q11 - 14q12 in humans. Journal of

Experimental Medicine. 1985; 161: 1255-1260.



Campana D, Janossy G, Bofill M et al. Human B-cell
development. I. Phenotypic differences of B lymphocytes
in the bone marrow and peripheral lymphoid tissue.
J.Immunol. 1985; 134: 1524-1530.

Canellos GP, DeVita VT, Arsenau JC, Whang-Peng J,
Johnson REC. Second malignancies complicating
Hodgkin's disease in remission. Lancet. 1975; i: 947-
949,

Catovsky D, Pettit JE, Galton DAG et al. Leukaemic
reticuloendothelious ("Hairy" cell leukaemia): a
distinct clinico-pathological entity. Brit.J.Haematol.
1974; 26: 9-27.

Catovsky D, Rose M, Goulden AWG et al. Adult T-cell
lymphoma - leukaemia in blocks from the West Indies.
Lancet. 1982; i: 639-643.

Clearly ML, Chao J, Warnke R, Sklar J. Immunoglobulin
gene rearrangement as a diagnostic criterion of B-cell
lymphoma. Proc.Natl.Acad.Sci.USA. 1984; 81: 593-597.

Close PM, West KP, Pringle JH, Ruprai A and Lauder I.
Hybridization to lambda and kappa light chain mRNA in
paraffin sections of normal lymphoid tissue. J.Path.
1989; 157: 165A.

Colby TV, Hoppe RT & Warnke RA. Hodgkin's disease: a
clinocopathologic study of 659 cases. Cancer. 1981;
49: 1848-1858.

Come SE, Jaffe ES, Anderson JC et al. Non-Hodgkin's
lymphomas in leukemic phase: clinicopathologic
correlations. Am.J.Med. 1980; 69: 667-674.

Cordell JL, Falini B, Erber WN et al. Immunoenzymatic
labelling of monoclonal antibodies using immune
complexes of alkaline phosphatase and monoclonal anti-
alkaline phosphatase (APAAP) complexes.
J.Histochem.Cytochem. 1984; 32: 219-229.

Correa P & O'Conor GT. Epidermiologic patterns of
Hodgkin's disease. Int.J.Canc. 1971; 8: 191-201.

Crescenzi M, Seto M, Herzig GP, Weiss PD, Griffith RC,
Korsmeyer SJ. Thermostable DNA polymerase chain
amplification of t(14;18) chromosome breakpoints and
detection of minimal residual disease.
Proc.Natl.Acad.Sci.USA. 1988; 85: 4869-4873.



Curran RC, Gregory J. Effects of fixation and
processing on immunohistochemical demonstration of
immunoglobulin in paraffin sections of tonsil and bone
marrow. J.Clin.Pathol. 1989; 33: 1047-1057.

Davies DR, Metzger H. Structural basis of antibody
function. Anna.Rev.Immunol. 1983; 1l: 87-118.

Delsol G, Gatter KC, Stein H et al. Human lymphoid
cells express epithelial membrane antigen.

Implications for diagnosis of human neoplasms. Lancet.
1984; ii: 1124-1129. '

Deng GR, Wu R. An improved procedure for utilising
terminal transferase to add homopolymers to the 3'
termini of DNA. Nucl.Acid.Res. 1981; 9: 4173-4188.

Deng GR, Wu R. Terminal transferase: Use in the
tailing of DNA and for in vitro mutagenesis. Methods
in Enzymol. 1983; 96: 96-116.

Dick F, Bloomfield CD, Brunning RD, Incidence, cytology
and histopathology of non-Hodgkin's lymphoma in the
bone marrow. Cancer. 1974; 33: 1382-1398.

Dorfman RF. Childhood lymphosarcoma in St. Louis,
Missouori, clinically and histologically resembling
Burkitt's tumour. Cancer. 1965; 18: 418-430.

Epstein MA & Achong BG. The relationship of Epstein-
Barr virus to Burkitts Lymphoma. In Epstein MA &
Achong GT (eds). The Epstein-Barr virus pp 323-331.
Berlin: Springer-Verlag.

Epstein MA, Achong BG & Barr YM. Viral particles in
cultured lymphoblasts from Burkitt's lymphoma. Lancet.
1964; 4i: 702.

Erikson J, Martinis J, Croce CM. Assignment of the
genes for human immunoglobulin chains to chromosome 22.
Nature. 1981; 294: 173-175.

Erlich HA, Gelfand DH, Saiki RK. Specific DNA
amplification. Nature. 1988; 331: 461-462.

Evans AS & Gutensohn N. A population based case
control study of EBV and other viral antibodies among
persons with Hodgkin's disease and their siblings.
In.J.of Cancer. 1984; 34: 149-157.

Feinberg AP, Vogelstein B. A technique for
radiolabelling DNA restriction endonuclease fragments
to high specific activity. Anal.Biochem. 1983; 132: 6-
13.



Fisher RI, Hubbard SM, DeVita VT et al. Factors
predicting long-term survival in diffuse mixed,
histiocytic or undifferentiated lymphoma. Blood. 1981;
58: 45-51.

Flanagan JD, Rabbits TH. The sequence of an epsilon
heavy chain constant region gene and evidence for three
mon-allelic genes. EMBO J. 1982; 1: 655-660.

Flandrin G, Brouet JC, Daniel MT & Preud'Homme JL.
Acute leukemia with Burkitt's tumour cells: a study of
sic cases with special reference to lymphocyte surface
markers. Blood. 1975; 45: 183-188.

Franchis de R, Cross NCP, Foulkes NS, Cox TM. A potent
inhibitor of Tag polymerase copurifies with human
genomic DNA. Nuc.Acid.Res. 1988; 16: 103055.

Frizzera G, Moran EM & Rappaport H. Angio-
immunoblastic lymphadenopathy. Amer.M.Med. 1975; 59:
803. '

Frizzera G, Rosai J, Dehner L et al. Lymphoreticular
disorders in primary immuno-dificiencies; new findings
based on up-to-date histologic classification of 35
cases. Cancer. 1980; 46: 692-698.

Gams RA, Neal JA & Conrad FG. Hydantoin-induced
pseudo-pseudo-lymphoma. Ana.Intern.Med. 1968; 63: 557.

Garrett JV, Scarffe JH, Newton RK. Abnormal peripheral
blood lymphocytes and bone marrow infiltration in non-
Hodgkin's lymphoma. Br.J.Haematol. 1979; 42: 41-50.

Gatter KC, Alcock C, Hevyet A et al. Clinical
importance of analysing malignant tumours of uncertain
origin with immunohistological techniques. Lancet.
1985; i: 1302-1304.

Gatter KC, Ballini B, Mason DY. The use of monoclonal
antibodies in histopathology diagnosis. Recent
Advances in Histopathology. 1984; 12: 35-67.

Gerard-Marchant R, Hamlin I, Lennert K et al.
Classification of non-Hodgkin's lymphomas. Lancet.
1974; ii: 406-408.

Geser A, de The G, Lenoir G et al. Final case
reporting from the Ugandan prospective study of the
relationship between EBV and Burkitt's lymphoma.
Int.J.Cancer. 1982; 29: 397-400.



Gobbi M, Caligaris-Cappio F, Janossy G. Normal
equivalent cells of B-cell malignancies. Analysis with
monoclonal antibodies. Br.J.Haematol. 1983; 54: 393-
403. '

Greaves MF, Verbi W, Tilley R et al. Human T-cell
leukaemia virus (HTLV) in the UK. 1Int.J. of Cancer
1984; 33: 795-806.

Greene MH, Brinton LA, Fraumeni JF & D'Amici. Familial
and sporadic Hodgkin's disease associated with
occupational wood exposure. Lancet. 1978; ii: 626-627.

Gregg EO, Al-Saffar N, Jones DB, Wright DH, Stevenson
FK & Smith JL. Immunoglobulin negative follicle centre
cell lymphoma. Br.J.Cancer 1984; 50: 735-744.

Gutensohn N & Shapiro N. Social class risk factors
among children with Hodgkin's disease. In.J.of Cancer
1982; 30Q: 433-435.

Gutensohn N. Social class and age at diagnosis of
Hodgkin's disease: new epidemiologic evidence for the
"two disease hypothesis". Cancer Treatment Reports
1982; 66: 689-695.

Hale G, Dyer MJS, Clark MR, Philipps JM, Marcus R,
Riechmann L, Winter G, WaldmannH. Remission induction
in non-Hodgkin's lymphoma with reshaped human
monoclonal antibody Campath -IH. Lancet. 1988; ii:
1394-1399.

Haliassos A, Chomel JC, Tesson L et al. Modification
of enzymatically amplified DNA for the detection of
point mutations. Nucleic Acids Res. 1989; 17: 3606.

Hanahan D. Studies on transformation of Escherichia
coli with plasmids. J.Mol.Biol. 1983: 166: 557-580.

Haybittle JL, Hayhoe FGJ, Easterling MJ et al. Review
of British National Lymphoma investigation studies of

Hodgkin's disease and development of prognostic index.
Lancet. 1985; ii: 467-972.

Hieter PA, Korsmeyer SJ, Waldmaun TA, Leder P. Human

immunoglobulin x light chain genes are deleted or
rearranged in X-producing B-cells. Nature. 1981; 29Q:
368-372.

Highchi R, von Beroldingen CH, Sensabaugh GF, Erlich
HA. DNA typing from single hairs. Nature. 1988; 332:
543-546.



Hitzman J, Li C-Y, Kyle RA. Immunoperoxidase staining
of bone marrow sections. Cancer. 1981; 48: 2438-2446.

Honjo T, Kataoka T. Organisation of immunoglobulin
heavy chain genes and allelic deletion model.
Proc.Natl.Acad.Sci USA. 1978; 75: 2140-2144.

Hood L, Kronenberg M, Hunkap; Her T. T-cell antigen
receptors and the immunoglobulin supergene family.
Cell. 1985; 40: 225-229.

Hoppe RT, Coleman CN, Cox RS, Rosenberg SA, Kaplan HS.
The management of stage I-II Hodgkin's disease with
irradiation alone or combined nodality therapy: the
Stanford experiment. Blood. 1982; 59: 455-465.

Hozumi N & Tonegawa S. Evidence for somatic
rearrangement of immunoglobulin genes coding for
variable and constant regions. Proc.Natl.Acad.Sci USA.
1976; 13: 3628-3631.

Hsu SM & Jaffe ES. Leu M1 and peanut agglutinin stain
the neoplastic cells of Hodgkin's Disease.
Am.J.Clin.Pathol. 1984; 82: 29-32.

Hu E, Treza M, Thompson J, Lowder J, et al. Detection
of B-cell lymphomas in peripheral blood by DNA
hybridization. Lancet. 1985; ii: 1092-1094.

Hunkapiller T, Hood L. The growing immunoglobulin gene
superfamily. Nature. 1986; 323: 15-16.

Hutchinson RM, Pringle JH, Potter L, Patel I, Jeffreys
AJ. Rapid identification of donor and recipient cells
after allogenic bone marrow transplantation using
specific genetic markers. Brit.J.Haematol. 1989; 72:
133-140.

Hyman GA & Sommers SC. The development of Hodgkin's
disease and other lymphoma during anticonvulsant
therapy. Blood. 1966; 28: 416.

Hyun BH, Kwa D, Gabaldon H, Ashton JK. Reactive
plasmacytic lesions of the bone marrow.
Amer.J.Clin.Pathol. 1976; 65: 921-928.

Isaacson PG, Jones DB, Millward-Sadler GH, Judd MA &
Payne S. Alpha-l-antitrypsin in human macrophages.
J.Clin.Pathol. 1981; 34: 982-990

Isaacson PG, O'Connor NT, Spencer J, Bevan DH et al.
Malignant histiocytosis of the intestine: a T-cell
lymphoma. Lancet. 1985; ii: 688-691.



Isaacson PG, Spencer JO, Connolly CE et al. Malignant
histiocytosis of the intestine: a T-cell lymphoma.
Lancet. 1985; ii: 688-691.

Isaacson P, Wright DH. Immunocytochemistry of
lymphoreticular tumours. Immunochtyochemistry: Modern
Methods and Applications (eds) Polak JM, Van Noorden S.
1986; 568-598.

Isaacson P, Wright DH. Anomalous staining patterns in
immunohistologic studies of malignant lymphoma.
J.Histochem.Cytochem. 1979; 27: 1197-1199.

Isaacson PG, Wright DH, Jones DB, Payne SV, Judd MA.
The nature of the immunoglobulin-containing cells in
malignant lymphoma. An immunoperoxidase study.
J.Histochem.Cytochem. 1980; 28: 761-770.

Jaffe ES. Follicular lymphomas: Possibility that they
are benign tumours of the lymphoid system.
J.Natl.Cancer.Inst. 1983; 70: 401-403.

Johnson A, Cavallin-Stahl E, Akerman M. Flow
cytometric light chain analysis of peripheral blood
lymphocytes in patients with non-Hodgkin's lymphoma
Br.J.Cancer. 1985; 52: 159-165.

Johnstone A, Thorpe R. Immunocytochemistry in
Practice. Blackwell Scientific Publications. Oxford
1982; 256-277.

Jones SE et al. Non-Hodgkins IV, clincopathologic
correlation in 405 cases. Cancer. 1973; 31: 806.

Kaplan HS, Dorman RF, Nelson TS & Rosenberg SA.
Staging laparotomy and splenectomy in Hodgkin's
disease: Analysis of indication and patterns of
involvement in 285 consecutive unrelated patients.
Natl.Cancer.Inst.Monogr. 1973; 36: 291.

Kato H & Schull WJg. Studies of the mortality of A-bomb
survivors: 7. Mortality 1950-1978; part 1, cancer
mortality. Radiation Research. 1982; 90: 395-432.

Keller AR, Hockholzer L & Castleman B. Hyaline-
vascular and plasma cell types of giant cell lymph node
hyperplasia of the mediastinium and other locations.
Cancer. 1972; 29: 670.

Kikuchi M, Mitsui T, Matsui N et al. T cell
malignancies in adults: histopathological studies of
lymph nodes in 110 patients. Jpn.J.Clin.Oncol. 1979;
O (suppl): 407-422.



Kinlen LJ, Shiell AGR, Peto J et al. Collaborative UK-
Australian study of cancer patients treated with
immunosuppressive drugs. British Medical Journal.
1979; ii: 1461-1466.

Kinlen LJ, Webster ADB, Bird AG et al. Prospective
study of cancer patients with hypogammaglobulinaemia.
Lancet. 1985; i: 263-266.

Kinlen LJ. 1Incidence of cancer in rheumatoid arthritis
and other disorders after immunosuppressive treatment.
A.J.of Medicine. 1985; 18; 44-49.

Korsmeyer SM, Hieter PA, Ravetch JV, Poplack DG,
Waldmann TA, Leder P. Developmental hierarchy of
immunoglobulin gene rearrangements in human leukemia
pre-B cells. Proc.Natl.Acad.Sci.USA. 1981; 718: 7096-
7100.

Korsmeyer SJ, Green WL, Cossman J et al. and
expression of immunoglobulin genes and expression of
Tac antigen in HCL. Proceedings of the Nat.Acad.Sci
USA. 1983; 80: 4522-4526.

Kirsch IR, Morton CC, Nakahara K, Leder P. Human
immunoglobulin chain genes map to a region of
translocation in malignant B lymphocytes. Science.
1986; 216: 301-303.

Kuziel WA, Takashima A, Bonyhadi M, Bergstresser PR,
Allison JP, Tigelaar RE & Tucker PW. Regulation of T-
cell receptor -chain RNA expression in murine thy-1+
dendritic epidermal cells. Nature. 1987; 328: 263-266.

Kwok S, Ehrlich G, Poiesz B, Kalish R & Sninsky JJ.
Enzymatic amplification of HTLV-I viral sequences from
peripheral blood mononuclear cells and infected
tissues. Blood 1988; 72: 1117-1123.

Kyle RA & Greipp RP. Smoldering multiple myeloma.
N.Eng.J.Med. 1980; 302: 1347-1349.

Kyle RA & Griepp PR. "Idiopathic" Bence dJones
proteinuria: long term follow up in seven patients.
N.Eng.J.Med. 1982; 306: 564-567.

Kyle RA, Robinson RA & Katzumann JA. The clinical
aspects of biclonal gammopathies: review of 57 cases.
Amer.J.Med. 1981; 71: 999-1008.

Lai-Goldmann M, Lai F, Grody WW. Detection of human
immunodeficiency virus infection in formalin fixed,
paraffin embedded tissues by DNA amplification.
Nucl.Acid.Res. 1988; 16: 8191.



Lauder I, Holland D, Mason DY, Gowland G, Cunliffe WJ.
Identification of large cell undifferentiated tumours
in lymph nodes using leucocyte common and Keratin
antibodies. Histopathol. 1984; 8: 259-272.

Lauder I. Classification and histological diagnosis of
malignant lymphomas. In Habeshaw JA, Lauder I (eds.
Malignant Lymphomas. Chuchill Livingstone, London,
1988; pp32-47.

Lawrence JB & Singer RH. Quantitative analysis of in
situ hybridization methods for the detection of actin
gene expression. Nucl.Acid.Res 1985; 13: 1777-1799.

Leary JJ, Brigat DJ, Ward DC. Rapid and sensitive
colorimetric methods for visualising biotin labelled
DNA probes hybridized to DNA or RNA immobilised on
nitro cellulose: bio blots. Proc.Natl.Acad.Sci USA
1983; 80: 4045-4049.

Lee CKK, Bloomfield CD, Goldman H, Levitt SH.
Prognostic significance of mediastinal involvement in
Hodgkin's disease treated with curatlve radiotherapy.
Cancer. 1980; 46: 2403-2409.

Lee M-S, Chang K-S, Cabanillas F et al. Detection of
minimal residual cells carrying the t(14;18) by DNA
sequence amplification. Science. 1987; 237: 175-178.

Lee M-S, Chang K-S, Freireich EJ et al. Detection of
minimal residual bcr/abl transcripts by a modified
polymerase chain reaction. Blood. 1988; 72: 893-897.

Lennert K, Collins RD, Lukes RJ. Concordance of the
Kiel and Lukes-Collins Classification of Lymphomas.
Histopathol. 1983; 7: 548-559.

Lennert K. 1In collaboration with Mohri N, Stein H,
Kaiserling E & Muller-Hermelink HK. Malignant
Lymphomas other than HD. Berlin 1978: Springer-Verlag.

Lennert K. Morphology and classification of malignant
lymphomas and so~called reticulosis. Acta
Neuropathologica (Berlin) 1975 (suppl.) 6&: 1-16.

Litam JP, Cabanillas F, Smith TL, Bodey GP & Freirelli
EJ. CNS relapse in malignant lymphoma: risk factors &
implications for prophylaxis. Blood. 1979; 54: 1249.

Lo Y-M D, Mehal WZ, Fleming KA. False-positive results
and the polymerase chain reaction. Lancet. 1988; ii:
679.



Lukes RJ. The immunologic approach to the pathology of
malignant lymphomas: Am.J.of Clin.Pathol. 1979; 12:
657-669.

Lukes RJ & Butler JJ. The pathology and nomenclature
of Hodgkin's disease. Cancer Research. 1966; 26: 1063~
1083.

Lukes RJ, Butler JJ & Hicks EB. Natural history of
Hodgkin's disease as related to its pathologic picture.
Cancer. 1966; 19: 317-344.

Lukes RJ & Collins RD. Lukes-Collins classification
and its significance. Cancer Treatment reports 1977;
61: 971-979.

Lukes RJ & Collins RD. New approaches to the
classification of the lymphomata. Brit.J. of Cancer.
1975; 31 (suppl2): 1-28.

Lukes RJ & Tindle BH. Immunoblastic lymphadenopathy.
New.Eng.J.Med. 1975; 292: 1.

Lutzner MA & Jordan HW. The ultrastructure of an
abnormal cell in Sezary's Syndrome. Blood. 1968; 31:
719-726.

MacLennan KA, Bennett MH, Tu A et al. Prognostic
significance of cytologic subdivision in nodular
sclerosing Hodgkin's disease: an analysis of 1156
patients. 1In: Cavalli F, Bonadonnna G, Rozenchgeig M
(eds). Malignant Lymphomas and Hodgkin's disease.:
experimental and therapeutic advances. Martinas
Nijhoff, Bost 1985; pl87-200.

MacLennan KA, Vaughan-Hudson B, Jelliffe AM et al. The
pretreatment peripheral blood lymphocyte counts in 1100
patients with Hodgkin's disease: the prognostic
significance and the relationship to the presence of
systemic symptoms. Clin.Oncol. 1981; 7: 333-339.

MacMahon B. Epidermiology of Hodgkin's Disease. Nanc.
Res. 1966; 26: 1189-1200.

McCarthy KP, Sloane JP, Wideermann LM. A rapid PCR
method for distinguishing clonal from polyclonal B-cell
populations in surgical biopsies (unpublished)

McCarthy KP, Sloane JP, Wiederman LM. Rapid method for
distinguishing clonal from polyclonal B cell
populations in surgical biopsy specimens.

J.Clin.Pathol 1990; 43: 429-432.



McKenna RW, Bloomfield CD, Brunning RD. Nodular
lymphoma: Bone marrow and blood manifestations.
Cancer. 1975; 36: 428-440.

Maki R, Kearney J, Paige C, Toneguwa S. Immunoglobulin
gene rearrangement in immature B cells. Science. 1980;
209: 1366-1369.

Makin CA, Bobrow LG & Bodmer WF. Monoclonal antibody
to cytokeratin for use in routine histopathology.
J.Clin.Pathol. 1984; 37: 975-983.

Malcolm S, Barton P, Murphy CS, Gerguson-Smith MA,
Benteley TL, Rabbitts TH. Localisation of human
immunoglobulin x light chain variable region genes to
the short arm of chromosome 2 by in situ hybridization.
Proc.Natl.Acad.Sci.USA. 1982; 79: 4977-4961.

Maniatis T, Fritsch EF, Sambrook T. Molecular Cloning.
A laboratory manual. Cold Spring Harbor Laboratory
1984.

Marx JL. Multiplying genes by leaps and bounds.
Science. 1988; 240: 1408-1410.

Matsuoka M, Asou N, Hattori T et al. T-cell gamma
chain rearrangement in two cases of non-Hodgkin's
lymphoma. Acta.Haematol. 1987; 77: 172-176.

Mauch P, Goodman R, Hellman S. the significance of
mediastinal involvement in early stage Hodgkin's
disease. Cancer. 1978; 42: 1039-1045.

Max EE, Seidman JG, Leder P. Sequences of five
potential recombination sites encoded close to an

immunoglobulin X constant region gene.
Proc.Natl.Acad.Sci.USA. 1979; 16: 3450-3454.

Melo JV, San Miguel JF, Moss VE & Catovsky E. the
membrane phenotype of hair cell leukaemia. A study
with monoclonal antibodies. Seminars in Oncology 1984
II: 381-385.

Moran EM & Ultmann JE. Clinical features and course of
Hodgkin's disease. Clin.Haematol. 1974; 3: 91.

Moran EM, Ultmann JE, Ferguson DJ, Hoffer PB, Ranniger
K & Rappaport H. Staging laparotomy in non-Hodgkin's
lymphoma. Br.J.Cancer. 1975 31 (suppl 11): 228.

Mullis KB, Faloona F, Specific synthesis of DNa in
vitro via a polymerase catalyzed chain reaction.
Methods Enzymol. 1987; 155: 335



Nathwani BN, Kim H & Rappaport H. Malignant lymphoma,
lymphoblastic. Cancer. 1976; 38: 964-983.

O'Connor NTJ, Crick JA, Wainscoat JS et al. Evidence
for monoclonal T lymphocyte proliferation in
angioimmunoblastic lymphadenopathy. J.Clin.Pathol.
1986; 39: 1229-1232.

O'Connor NTJ, Feller AC, Wainscoat JS, Gatter KC,
Pallesen G, Stein H, Lennert K, Mason DY. T-cell
origin of Lennert's lymphoma. Brit.J.Haematol. 1986b;
64: 521-528.

O'Connor NTJ, Wainscoat JS, Weatherall D et al.
Rearrangement of the T-cell receptor beta chain gene in
the diagnosis of lymphoproliferative disorders.

Lancet. 1985; i: 1295-1297.

O'Conor GT & Davies JNP. Malignant tumours in African
children. Journal of Paediatrics. 1960; 56: 526.

O'Conor GT, Rappaport H & Smith EB. Childhood lymphoma
resembling "Burkitt tumour" in the United States.
Cancer. 1965; 18: 411-417.

O'Conor GT. Geographical variation in the occurrence
of leukaemias and lymphomas: summary and contents.
Progress in Cancer Research and Therapy. 1984; 27: 123.

Omar YT, Al-Nakib B, Jacob GS et al. Primary
gastrointestinal lymphoma in Kuwait. An 11 year
treospective analysis of 108 cases. Eur.J.of Cancer
and Clinical Oncology. 1985; 21: 573-577.

Pardoll DM, Fowlkes BJ, Bluestone JA, Kruisbeek A,
Maloy WL, Coligan JE & Schwartz RH. Differential
expression of two district T-cell receptors during
thymocyte development. Nature. 1987; 326: 79-81.

Patchefsky AS, Bradovsky HS, Menduke H, Southuard H,
Brooks J, Nicklas D & Hoch WS. Non-Hodgkin's lymphoma.
A clinicopathologic study of 293 cases. Cancer. 1974;
34: 1173.

Payne SV, Wright DH, Jones KJM & Judd MA. The
macrophage origin of Reed-Sternberg cells. An
immunohistochemical study. J.Clin.Pathol. 1982; 35:
159-166.

Pelicci PG, Knowles DM, Favera RD. Lymphoid tumours
displaying rearrangement of both immunoglobulin and T-
cell receptor genes. J.Exp.Med. 1985; 162: 1015-1024.



Pettersson U, Sambrook J. Amount of viral DNA in the
genome of cells transformed by adenovirus type 2.
J.Mol.Biol. 1973; 73: 125-130.

Picker LJ, Weiss LM, Medeiros LJ, Wood GS, Warnke RA.
Immunophenotyping criteria for the diagnosis of non-
Hodgkin's lymphoma. Am.J.Pathol. 1987; 128: 181-201.

Pizzolo G & Chilosi M. Double immunostaining of lymph
node sections by monoclonal antibodies using
phycoenthrin-labelling and haptenated reagents.
Am.J.Clin.Pathol. 1984; 82: 44-47.

Poiesz BJ, Rascetti FW, Gazdar AF et al. Detection and
isolation of type C retrovirus particles from the fresh
and cultured lymphocytes of a patient with cutaneous T-
cell lymphoma. Proc.Natl.Acad.Sci.USA. 1980; 17: 7415-
7419.

Pringle JH, Homes CE, Warford A, Kendall CH, Lauder I.
In situ hybridization; alkaline phosphatase
visualisation of biotinylated probes in cryostat and
paraffin sections. Histochem. 1987; 19: 488-496.

Pringle JH, Primrose L, Kind CN, Talbot IC & Lauder I.
In situ hybridization demonstration of polaydenylated
RNA sequences in formalin fixed paraffin sections using
a biotinylated oligonucleotide poly(dt) probe.
J.Pathol. 1989; 158: 279-286.

Pringle JH, Ruprai A, Kyte J, Potter L, Close PM &
Lauder I. In situ hybridization of immunoglobulin
light chain mRNA in paraffin sections, using
biotinylated or hapten labelled oligonucleotide probes.
J. Pathol.1990 (in press)

Radzun JH, Parwarench MR, Feller AC & Hansmann ML.
Monocyte/macrophage-specific monoclonal antibody Ki-M1
recognizes interdigitating reticulum cells.
Am.J.Pathol. 1984; 117: 441-450.

Rappaport H. Atlas of Tumour Pathology, Section III.
Fascile 8. Tumours of the Haematopoietic System 1966
p49. Washington DC: Armed Forces Institute of
Pathology.

Reddy S, Pellettiera E, Saxena V & Hendrickson FR.
Extranodal non-Hodgkin's lymphoma. Cancer. 1980; 46:
1925.



Rosenberg SA and members of the NHL pathologic
classification project. NCI sponsored study of
classification of NHL. Summary and description of a
working formulation for clinical usage. Cancer. 1982;
49: 2112-2135.

Rosenberg SA. Bone marrow involvement in the non-
Hodgkin's lymphomata. Br.J.Cancer. 1975; 31l(suppl 11):
261.

Rosenberg SA. Hodgkin's disease of the bone marrow.
Cancer.Res. 1971; 31: 1733-1736.

Rudders RA, Ross ME & Delellis RA. Primary extranodal
lymphoma. Cancer. 1978; 42: 406.

Ruprai AK, Pringle JH, Angel CA, Kind C & Lauder I.
Localisation of immunoglobulin light chain mRNA
expression in Hodgkin's disease by in situ
hybridization using biotinylated oligonucleotide
probes. J. Pathol. 1988; 154: 38A.

Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT,

Erlich HA,, Arnheim N. Enzymatic amplification of f-
globin genomic sequences and restriction site analysis
for diagnosis of sickle cell anaemia. Science. 1985;
230: 1350-1354.

Saiki RK, Gelfand DH, Stoffel S et al. primer directed
enzymatic amplification of DNA with a thermostable DNA
polymerase. Science. 1988; 239: 487-491.

Saito H, Kranz DM, Takagaki Y, Hayday AC, Eisen HM &
Tonegawa S. Complete primary structure of a
heterodimeric T-cell receptor deduced from cDNA
sequences. Nature. 1984; 309: 757-762.

Sakano H, Huppi K, Heinrich G, Truegawa S. Sequences
at the somati recombination sites of immunoglobulin
light chain genes. Nature. 1979; 280: 288-294.

Salmon SE, Seligmann M. B-cell neoplasia in man.
Lancet. 1974; ii: 1230-1233.

Sarasombath S, Mestecky J & Skvaril F. Monoclonal IgG-x

and IgG-A proteins with different idiotypic
determinants present in a single patient.
Clin.Exp.Immunology. 1977; 29: 67-74.

Shimoyama M, Minato K, Saito H et al. Immunoblastic
lymphadenopathy (IBL) - like T cell lymphoma. Jpn.J.
Clin.Oncol. 1979; 9(suppl): 347-356.



Shibata DK, Arnheim N, Martin WJ. Detection of human
papilloma virus in paraffin-embedded tissue using the
polymerase chain reaction. J.Exp.Med. 1988; 167: 225-
230. '

Sklar J, Cleary MC, Thielemans K, Gralow J, Warnke R
and Levy R. Biclonal B-cell lymphoma. N.Engl.J.Med.
1984; 311: 20-27.

Slater DN. Lymphoproliferative conditions of skin. 1In
Anthony PP & MacSween RNM (eds) Recent Advances in
histopathology, 1984 number 12 pp 94 Edinburgh:
Churchill Livingstone.

Smith BR, Weinberg DS, Robert NJ et al. Circulating
monoclonal B lymphocytes in non-Hodgkin's lymphoma.
N.Eng.J.Med. 1984; 311: 1476-1481.

Smith PG & Doll R. Mortality among patients with
ankylosing spondylitis after a single treatment course
with x-rays. Brit.Med. Journal 1982; 284: 449-460.

Sobol RE, Dillman RO, Collins H, Griffiths JC, Green
MR, Royston I. Application and limitations of
peripheral blood lympocytic immunoglobulin light chain
analysis in the evaluation of non-Hodgkin's lymphoma.
Cancer. 1985; 56: 2005-2010.

Southern EM. Detection of specific sequences among DNA
fragments separated by gel electrophoresis.
J.Mol.Biol. 1975; 98: 503-517.

Stansfeld. Lymph node biopsy interpretation. 1985 pp
228-328; 345-379. Edinburgh: Churchill Livingstone.

Stansfield AG, Diebold J, Noel H et al. Updated Kiel
classification for lymphomas. Lancet 1988; i: 292-293.

Stein H, Gerdes J, Kirchnor H, Schaadt M and Diehl V.
Hodgkin and Reed-Sternberg cell antigen(s) detected by
an antiserum to a cell line (L428) derived from
Hodgkin's disease. Int.J.Cancer. 1981; 28: 425-429.

Stein H, Gerdes J, Méson DY. The normal and malignant
germinal centre. Clin.Haematol. 1982; 11: 531-559.

Stein H, Hansman ML, Lennert K, Brandtzaeg P, Gatter
KC, Mason DY. Reed-Sternberg and Hodgkin cells in
lymphocyte predominant Hodgkin's disease of nodular
subtype contain J chain. Am.J.Clin.Pathol. 1986; 80:
292-297.



Stein H, Lennert K, Feller AC, Mason DY.
Immunohistological analysis of human lymphoma:
correlation of histological and immunological
categories. Advances in Cancer Research. 1984; 42; 67-
147.

Stein H, Lennert K, Feller A, Mason Dy.
Immunohistological analysis of human lymphomas. In
Klein G, Weinshonge S (Eds) Advances in Cancer
Research. Orlando. Academic Press 1984; 67-141.

Stein H, Mason DY, Gerdes J et al. The expression of
the Hodgkin's disease associated antigen ki-1 in
reactive and neoplastic lymphoid tissue: evidence that
R-S cells and histiocytic malignancies are derived from
activated lymphoid cells. Blood. 1985; 6£6: 848-858.

Stein H, Uchanska-Ziegler B, Gerdes J, Ziegler A &
Wernet P. Hodgkin and Reed-Sternberg cells contain
antigens specific to late cells of granulopoesis.
Int.J.Cancer. 1982; 29: 283-290. :

Stetler-Stevenson M, Raffeld M, Cohen P & Cossman J.
Detection of Occult Follicular Lymphoma by specific DNA
" amplification. Blood 1988; 72: 1822-1825.

Stingl G, Gunter KG, Tschachler E, Yamada H, Lechler
RI, Yokoyama WM, Steiner G, Germain RN, Shevach EM.
Thy-1+ dendritic epidermal cells belong to the T-cell
lineage. Proc.Natl.Acad.Sci.USA. 1987; 84: 2430-2434.

Suchi T, Lennert K, Tu LY et al. Histopathology and
immunohistochemistry of peripheral T cell lymphomas: a
proposal for their classification. J.Clin.Pathol.
1987; 40: 995-1015.

Suchi T, Lennert K, Tu LY, Kiduchi M, Sato E, Stansfeld
AG, Feller AC. Histopathology and immunocytochemistry
of peripheral T-cell lymphomas: a proposal for their
classification. J.Clin.Path. 1987; 40: 995-1015.

Swerdlow SH, Murray LJ, Habeshaw JA & Stansfeld AG. B-
and T- cell subsets in follicular CB/CC (cleaved
follicular centre cell) lymphoma: an immunohistologic
analysis of 26 lymph nodes and three spleens. Human
Pathology. 1985; 16: 339-352.

Symmers WS St. Survey of the eventual diagnosis in 600
cases referred for a second histological opinion after
an initial biopsy diagnosis of Hodgkin's disease.
J.Clin.Path. 1968; 21: 650-653.



Timens W, Vissor L & Poppena S. Nodular lymphocyte
predominance type of Hodgkin's disease in a germinal
centre lymphoma. Lab.Invest. 1986; 54: 457-461.

Tubiana M, Attie E, Flamont R, Gerard-Marchaat R &
Hayat M. Prognostic factors in 454 cases of Hodgkin's
disease. Cancer.Res. 1971; 31: 1801.

Ultmann JE, Cunningham JK & Gellhorn A. The clinical
picture of Hodgkin's disease. Cancer.Res. 1973; 26:
1047.

Unger ER, Budgeon LR, Myerson D, & Brigati DJ. Viral
diagnosis by in situ hybridization. Am.J.Surg.Pathol.
1988; 10: 1-8.

Van den Elsen P, Bruns G, Gerhard DS et al. Assignment
of the gene coding for the T2- subunit of the T3 T cell
receptor complex to the long arm of human chromosome 11
and to mouse chromosome 9. Proc.Natl.Acad.Sci.USA.
1985; 82: 2920-2924.

Van der Valk P, Meijer CJLM, Willemze R et al.
Histiocytic Sarcoma (true histiocytic lymphoma): a
clinocopathological study of 20 cases. Histopathol.
1984; 8: 105-123.

Vaughan-Hudson B, MacLennan KA, Bennett MH et al.
Systemic disturbance in Hodgkin's disease and its
relation to histopathology and prognosis (BNLI no. 30).
Clin.Radiology. 1987; 38: 257-261.

Velentjas E, Barrett A, McElwain TJ, Peckham MJ.
Mediastinal involvement in early stage Hodgkin's
disease. Response to treatment and pattern of relapse.
Eur.J.Cancer. 1981; 8: 1065-1068.

Waldmann TA, Davis MM, Bongiovanai KF, Korsmeyer SJ.
Rearrangement of genes for the antigen receptor on T
cells as markers of lineage and clonality .in human
lymphoid system. N.Engl.J.Med. 1985; 323: 776-783.

Waldron JA, Leech JH, Glick AD et al. Malignant
lymphoma of peripheral T-lymphocyte origin. Cancer.
1977; 4Q: 1604-1617.

Warford A, Pringle JH, Hay J, Henderson SD, Lauder I.
Southern blot analysis of DNA extracted from formol-
saline fixed and paraffin wax embedded tissue.
J.Pathol. 1988; 154: 313-320.



Warnke R & Levy R. Immunopathology of follicular
lymphomas: a model of B-lymphocyte homing.
N.Engl.J.Med. 1978; 298: 481-486.

Warnke RA, Gatter KC, Faline B et al. Diagnosis of .
human lymphomas with monoclonal antileucocyte
antibodies. J.Clin.Pathol. 1984; 37: 975-983.

Watanbe S, Shimosuto, Shimoyama M et al. Adult T cell
lymphoma with hypergammaglobulinaemia. Cancer. 1980;
46: 2472-2483.

Weiss 1M, Crabtree GS, Rouse RV, Warnke RA.
Morphologic and immunologic characterisation of 50
peripheral T-cell lymphomas. Am.J.Pathol. 1985; 118:
316-324.

Weiss LM, Hu E, Wood GS et al. Clonal rearrangements
of T-cell receptor genes in mycosis fungoides and
dermatopathic lymphadenopathy. N.Eng.J.Med. 1985b;
313: 539-544.

Weiss LM, Picker LJ, Grogan TM et al. Absence of
clonal beta and gamma T-cell receptor gene
rearrangement in a subset of peripheral T-cell
lymphomas. Am.J.Pathol. 1988; 130: 436-442.

Weiss LM, Strickler JG, Dorfman RF et al. Clonal T-
cell populations in angioimmunoblatic lymphadenopathy
and angioimmunoblastic lymphadenopathy-like lymphoma.
Am.J.Pathol. 1986; 122: 392-397.

Weiss LM, Strickler JG, Hu E, Warnke RA, Sklar J.
Immunoglobulin gene rearrangements in Hodgkin's
disease. Human Pathology. 1986; 17: 1009-1014.

West KP, Pringle JH, Angel CA, Naylor JP & Lauder I.
Detection of mRNA in paraffin sections of lymphoid
tissue. J.Pathol. 1988; 154: 57A.

West KP, Warford A, Fray L, Allan M, Campbell AC,
Lauder I. The demonstration of B-cell, T-cell and
myeloid antigens in paraffin sections. J.Pathol. 1986;
150: 89-101.

WHO (1977) 1International Classification of Diseases:
Manual of the International Statistical Classification
of Diseases, Injuries and Causes of Death. Based on
the recommendation of the 9th revision conference
(1975) 9th Edition, vol 1. Geneva.



Williams CKO & Bamgboye EA. Estimation of incidences
of human leukaemia subtypes in an urban African
population. Oncology. 1983; 40: 381-386.

Williams ME, Innes DJ, Borowitz MJ et al.
Immunoglobulin and T-cell receptor gene rearrangements
in human lymphoma and leukaemia. Blood. 1987; §9: 79-
86.

Winkleman RD & Rajka G. Atopic dermatitis and
Hodgkin's disease. Acta.Dermato.venerologica. 1982;
63: 176-177.

Wong-Staal F & Gallo RC. The family of human T-
lymphotrophic leukaemia viruses: HTLV-I as the cause of
adult T-cell leukaemia and HTLV-III as the cause of
acquired immune deficiency syndrome. Blood. 1985; 65:
253-263.

Worman CP, Brooks DA, Hogg N et al. The nature of hair
cells - a study with a panel of monoclonal antibodies.
Scandinavian Journal of Haematology. 1983; 3Q: 223-226.

Yaoita Y, Matsunami N, Choi CY, Sugigama H, Kishimoto

T, Honjo T. The D-Jy, complex is an intermediate to the

complete immunoglobulin heavy-chain V-region gene.
Nucl.Acids.Res. 1983; 11: 7303-7316.

Yoshikai Y, Anatonion D, Clark SP, Yanagi Y, Sangster R
et al. Sequence and expression of transcripts of the
human T-cell receptor B-chain genes. Nature. 1984;
312: 521-524.



Appendix
Abstracts and publications resulting from this project.

1. The demonstration of circulating lymphoma cells by
gene rearrangement studies in patients with T cell

lymphoma. J. Pathol 19089; 157: 162A.

2. The evaluation of gene rearrangement studies as a
diagnostic laboratory aid in non-Hodgkin's lymphoma.

J. Pathol 1989; 157: 162A.

3. Investigation comparing gene probe analysis and
immunophenotyping on blood and biopsied tissues of
patients with non-Hodgkin's lymphoma. Brit J.

Haemat 1991 (s); 77: 69.

4. In situ hybridization detection of light chain mRNA
in routine bone marrow trephines from patients with

suspected myeloma. Brit J Haemat 1989; 73: 296-301.

S. Demonstration of light chain mRNA in routine bone
marrow trephines using in situ hybridization, in
patients with suspected myeloma. Brit J Haemat

1989(s); 71: 27.

6. The clinical relevance of plasma viscosity in

Hodgkin's disease. - Clin Lab Haemat 1991; 13: 1-8.



