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Summary

A scheme for the detection and icentification of serum
and urinary mcnoclonal immunoglobulins using agarose
isoelectric focusing is described. Conditions required
for satisfactcry isocelectric focusing cf all classes of

immunoglobulin are shown. .

Comparisons in sensitivity between isoelectric focusing
(IEF) and immuno-isoelectric focusing (IIEF) with other
techniques commonly used to detect and identify
paraproteins showed that the two techniques were 10-40
times rnofe sensitive compared with routine
immunoelectrophoresis. The use of IIEF in a number of

clinical situations is described.

On occasion, patients respond to therapy for myeloma with
compl ete disappearance of paraprotein from serum as judged
by immunoelectrophoresis. The use of IIEF to these
'remission' patients shows that in a group of 27 such
patients, 16 had paraproteinaemia detectable by IIEF
compared with only 7 by zonal electrophoresis followed by
immunofixation, another technique commonly used in this

regard.

The first demonstration of 'in vivo' paraproteinaemia in a
case diagnosed as 'non-secretcry' myeloma is described.
The concentration of the paraprotein is given along with
treatment dates showing a steady paraprctein concentration

before the the patients death.
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The use of IIEF for the detecticn of paraproteinaemia is

described in two cases of myelomatosis involving intact’

immunoglobulin molecules; one case involving Bence-Jones
myeloma and one case involving & monoclonal gammopathy of
undetermined significance, along with treatment date where

appropriate, thus charting the progress of the diseases.

The incidence and possible significance of serum Bence-
Jones prctein was investigated. The detectatle incidence
ct BEence- Jones protein in the sera of nyeloma patients
was found to be equivalent to the 1incidence 1in
concentrated urine when tested by IIEF, In a series of 25
myeloma patients, IIEF showed the incidence of Bence-Jones
proteinaemia to be 68% compared with a detectable
incidence of Bence-Jones proteinuria of 32-64% by
immunoelectrophoresis and IIEF depending on the
concentration of the urine., These results suggest that in
view of the varisbility of féctors governing urinary
Bence-Jones protein levels, monitoring of serum Bence-
Jones protein by IIEF should be carried out in conjuncticn
with measurements of urinary Bence- Jones prbtein in

myelowma patients.

The detection of a paraprotein, previously unsuspected
using routine techniques, in several cases of solitary
plasmacytoma is described. The“use of IIEF in cases such
as these may offer an additional means of assessing

disease progress and response to chemotherapy.

A method for quarntifying paraproteins in serum and urine

using scanning densitometric analysis of IEF and IIEF
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tracks is described, thus enabling paraprotein
concentrations to be moritored from low levels up to and
including those quantifiable using conventional

techniques.

Immuno-isoelectric focusing was élso used tb screen a
tctal of 56 patients witn ¢hronic lymphocytic leukaemia.
for the presence of serum pareproteinaemia. A total of 34
(61%) of patients had paraprcteins., These wWwere mostly of
IgM class, but paraproteins of cther isotypes were
detected. The serum paraprotein isotypes were compared
with the isotypes of cytoplesmic imriunoglobulin of
peripheral blood lymphocytes from the same patients. A
strong correlation emerged between them suggesting that

the paraproteins originated from the neoplastic clone,

Density gradient ultracentrifugation of & sera from CLL
patients with IgM paraprcteinaemia showed tnat for the
most part the IgM paraproteins were 19S in size, but cne

patientwasfoundtohaveboth19Sand8SnmmoclonalIgM.

The cellular origin of the paraproteins (monoclonal Igh
lambda &« IgD lémbda ) in the serum of one patient was
investigated using an anti-idictype antibody rzised
against che.IgM paraprotein., This work showed that both
paraproteins shared a common idictype, i.e. both were
secreted from the same clone of B cells. These results
were used to support the argument that there is an
incomplete maturation defect in chronic lymphocytic

leukaenia leading to a limited secretcry capacity in the
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~majority of cases.

In addition, a tctal of 200 individuals without history of
B cell necplasm were tested for the presence of abnormal
immunoglobulin profiles. A total of 22 people had
monoclonal paraproteins with 24 people having IIEF traces
Wwhich corresponded to cligoclonal immunogloéulins. The
.relevance of tnese results is discussed.

The presence of serum monoclonal immnunoglcbulin in non-
Hodgkins lymphoma and &lso in Hodgkinb‘disease is
demcnstrated by IIEF. The significance of pareproteinaemia

in the latter disease is discussed.



CHAPTER I

INTRODUCTIO!l
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CHAPTER I INTRODUCTION

Ia General Introductiopn

The B lymphocyte is responsible, ultimately for humoral

immunity with its secretory product, the immunoglobulin.

Figure 1 §hows how the cells of the B cell lineage arise
from multipctent stem cells, The meturation process wWwas
first worked out in mice (Tyan & Herzenverg 1666; Owen et
al 1974, 1975). In humans it begins in the liver cf 8-9
‘week olac foetuses and continues in the bone marrow after
the shift of haemopoeisis to that site, later 1in
development (Gathings et al 1977). The precursors of B
cells (pre-=B cells) include a series of cell types that
share surface markers such as HLA-DR (Cooper 1981) and
Epstein-Barr virus receptors (Gathings et al 1981) with
their progeny. It is during these pre-B cell stages in
differentiation that clonal diversity is generated; a
process which involves a series of immunoglobulin gene re-
arrangemehts. All normal individuals have the genetic
"capacity to generate millions of B cell clones, each
expressing a unique set of immunoglobulin heavy and light

chain genes which determine antibody specificity.

The heavy chain géné family (Croce et al 1979) is located
on the long arm of chromosome 14 and.consists of sevefal
hundred variable (Vy,) region genes, more than a dozen
diversity (D) regicn genes, six joining (J,) region genes
and nine functional constant (Cy;) region genes each of

which is preceded by a switch region composed of
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repetitive nucleotice sequences. The 5' tc 3' sequence in
the Cy region gene is Cyu, CJ, CJs’CL’ Cd’, CI;’ qu, C&
and Cuy(Flanagan « Rabbitts 1962). The kappa and lambda
gene families are located on chromosomes 2 (Malcolm et al

1982) and 22 (Erikson et al 1981), respectively.

In the initial stages of pre-p cell differentiation one
eacn of the genes is selected and brougnt irnto apposition
and then transcribed. (Cooper 1981, Tonegawa 1983,
Korsemeyer et al 198&1). The re-arrangements occur in
large immunoglobulin negative cells wnich divide giving
rise to large pre-B cells expressing /ylchains in their
cytoplasm., The latter in turn divide to give twc small
pre-B cells with cytoplasmic s chains. After achieving
functional light chain gene re-arrangement (Korsmeyer et
al 1981) with either the kappa or lambda gene family,'the
cell nas been converted into a small immeture B cell with

surface bound Igl molecules.

Within each B cell clone, some members switcn from the
expression of IgM (and IgD) to the expression of any of
the IgG subclasses, either of the Igh subclasses or IgE.
This isotype switch is achieved by spliging cf the switch
regicn oé;:;: switch regicn in front of the downstream
heavy chain gene to be expressed next (Marcu et al 1982).
For example, to switch from IgM to IgGy, the interverding
DNA (including Cu, Css cép,,, Ca,) would be deleted, thus
bringing the CY, gene next in line for transcription with
the V-D-J gene ccmplex, (Figure 2). Sometimes more than

One isotype can be expressed simultaneously e.g. Igi, IgD

and IgG , since/u and 4 expression do not cease



)
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Figure 2 @ Illustration of isctvpe switch mechanism.
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inmeciately (Gathings 1981).

Soon after B cells are formed in either the foetal liver
or tne bone marrow, they enter the circulation and move to
the lymphoid regions of the spleen, Peyers patches, ly mph
nodes and other lympnoid tissges where tney become

functicnally mature (Oémond 1960).
. [ )

B lymphocytes carry an assortment o¢f cell surface
components, the expression of wnich can, in some cases, be
a guide to their stage of differentiaticn. These include
surface bound immunoglobulin, Fc¢ receptors for
immunoglobulin isotypes, HLA-DR determinants, receptors
for E-B virus, mitogen receptors (e.g.
lipopolysaccharides), receptors for growth and
differentiation factors produced by T cells‘and receptors
for complement components C3b and Cyd. Some of these
components are present for limited periods in the
differentiation continuum. For example, Fc receptors and
receptors for Czd are found only at the immature
lymphocyte stage. Others sucn as HLA-DR are present
throughout the B cell lineage (Cooper 1G81)., These. HLA-DR
molecules serve as recognition elements in the interaction
Wwith T cells - a basic requirement for antigen activation
(Julius 1982). ‘After autologous helper T cell interaction
with HLA-DR and antigen interaction with surface antibody
molecules, the resting E cell is induced to enlarge and tc
express receptors for non-antigen-specific T cell factors
that deliver signals for proliferation and differentiation

into the final cell in the E cell lineage, the plasma
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cell. Some members of the activated B cell clone do not
undergo terminal plasma cell differentiation, but form
memory B cells., These cells are long lived and are
triggered relatively easily by further contact with the
reactive antigen. It is these cells which are responsible
for the heightened antibody responses following a second
exposure to antigen., Differentiation to plasma cell from
activated B8 lymphocyte is marked by a conversion fron
synthesis of membrane type immunoglobulin to secretion of
immunoglobulin molecules., This capacity to produce and
secrete thousands of identical immunoglobulin molecules
per second comes at the expense of longevity, fcr plasma
cells rarely divide, under normel circumstances and

usually only live for a few days.

Figure 1 also shows the neoplasia which can be associated
Wwitn this maturation pathway. The pathway involves a
continuous process of maturation and the diagram does not
imply that there are a limited number of developmental
stages. As a consequence of this, the disease states
indicated alonéside the cells will only be approximate
positions especially in cases like chronic lymphocytic
leukaemia, Thnis thesis will show that CLL probably spans
a much wider continuum of developmental stages than is

indicated on Figure 1.

Certain neoplasia which affect cells of the B lymphocyte
lineage are associated with the presence of monoclonal
immunoglobulin in both the serum and urine of affected

patients. Labcratory investigation of such patients invclves
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several aspects regarding the presence of monoclonal
immunoglobulin. As a tumcur prcduct, it has ar important
role in the dizghosis and monitoring of these diseases and
laboratory management has concentrated to a great extent
on the monitoring aspect. Diagnosis is a topic to which
the labcratory has contributed to a lesser extent,_with
confirﬁation of reoplasm being made easier following
demonstration of paraproteinaemia or paraproteinuria by
laboratory techniques; the actuzl diaghosis being made by
the clinician prior to laboratory testing in many cases.
The neoplasia concerned are multiple myeloma involving
both intact and fragmented immunoglobulin molecules (i.e
heavy chain and light chain diseases), Waldenstroms
macroglobulinaemia and to a lesser extent, chronic
lymphocytic leukaemia (Stevenson et al 1980) and Non
Hodgkin's lymphoma (Alexanian 1975). In multiple myeloma,
very often the confirmation of the presence of monoclonal
immunoglobulin is a straightforwarc procedure using widely
available screening techniques, whereas in chronic
lymphocytic leukaemia and non Hodgkin's® lymphoma, the
situation is less clear. On occasion, an initial
diagnosis of multiple myeloma can be suggested on clirical
grounds but when serum from the patient is tested for
monoclonal immunoglobulin, this proves to beé undetectable
or the test procedure yields equivoccal results. This
situation happéns with much greater frequency 1in chronic
lymphocytic leukaemia and non Hodgkin’s lymphoma., This
nigher frequency is understandatle, nowever, as these two

di seases are normally associated with much lower
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concentrations of monoclonal immunoglobulin.

Ib Multiple Myeloma

Multiple myeloma results from the clonal expansion of a
single neoplastic plasma cell. In most cases, the plasma
cell§ produce a specific monoclonal immunglobulin as if
under const;nt antigenic stimulation, The first recorded
case ¢f myeloma occurrec in London irn 1845 when Thomas
Alexander McBean, a wealthy London grocer, complained of
excrutiating bone pain and wWwas seen Dy a general
practitioner, Dr Thomas Watson (Clamp 1967). Dr Watson
called in a Harley Street Consultant, Dr William Mclntyre,
who examined the batient's urine and noted its special
properties. Dr Watson zlso wrote to Dr Henry Bence Jones,
a noted clinical pathologist of the time, and it was to
this man that credit went in his description of the
unusual properties of the urine, Fe noted that the
urinary protein precipitated on addition cf nitric acid
and became soluble when boiled. On cooling the protein
was found to precipitate once more. These urinary
proteins that were of such interest to McIntyre and Bence
Jones were discovered over a century later to be the light

chain components of the immunoglobulin molecule,

The term "multiple myeloma" was introduced by Rustizky in
1873. The plasma cell was noted in 1890 by Cajal although
the term "plasma cell" was first used a year later by
Unna. Interestingly, these cells had very probably bpeen

seen by John Dalrymple who performed part of the autopsy
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on Thomas McBean. He noted that the bones were infiltrated
Wwith peculiar often binucleated cells whicn often
cohtained a nucleolus, Tnhe illustrations he made snow
these cells to resemble the cells known today as malignant

plasma cells,

It was the studies on this unfortunate grocer that
provoked the continuing interest in multiple myeloma. The.
Cisease was tnought to be extremely rare. Geschikter and
Copeland in 1928 reported its frequency at less than 0.1%
of all malignancies., It is clear now that the early
epidemiological studies shcwed frequencies that were much
tco low. This was due in part to difficulties in

diagnosis.

Traditionally classed as a bone tumour, multipie myeloma
was placed under the category of "neoplasms of lymphatic
and haemopoietic tissues" in the Sixth Edition of the
Manual of International Statistical Classification of
Diseases, Injuries and Causes of Death (ICD-6) published

in 1949,

The application of electrophoretic techniques proQided a
greater accuracy and ease of diagnosis than had hitherto
been the case, Longsworth and associates were the first to
apply electrophoresis in 1939. Itmunoelectrophoresis was
introduced by Grabar & Williams in 1953, Following the
use of these techniques, it soon became apparent that the
incidence of myelomatcsis was higher than previcusly
thought. The true incidence would appeer to vary between

bleck and white populations. According to The Third
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Natioral Cancer Survey 1%69-1971 which quotes figures for
the United States, multiple myeloma in whites accounts for
1.1% of &all malignancies whilst in black people, it forms
7.2% of malignancies. The disease predominates in men,
and although the basis for this observation is unknown,
animal studies implicate a role for mele hcrmones in the
induction of mouse plasmacytoma (BElattner 19¢60; Hollander
et al 1968). llyelomatosis, along with cnronic lymphocytic
leukaemia, shows a strong age dependance with the peak
incidence, in both black and white populationg, occurring

between the ages of 75-80 years. (MacMahon & Clark 1956).

These general observations are possibly more useful than
many of the other epidemiclogical studies which report
differing incidences on a‘worldwide basis or differences
in incidence according to socioceconomic class., Studies of
this type may not reflect true differences, but merely
differences in the use of medical facilities, differing
diagnostic practices, differing age proriles, etc. This
is well illustrated by McMahon and Kohler (1957) in their
study which showed that the inciderice of "leukaemia" was
twice as high in Jews as in Gentiles in the population of
Brooklyn, New York. Either there is a strong ethnic
difference between the two groups, or as seems more
likely, the Jewish pépulation takes better care 6f its

health and seeks medical care more of ten.

IgG is the most common mcnoclonal immunoglobulin class in
myelomatosis with an incidence of eround 60%. IgA is

second with reportec incidences showing a wider range of



25

13-20%. IgD myelomatosis comes a distant third with IgE
myelomatosis affecting only a nandful of individuals

(Alexanion 1976),

The precise aetiology of multiple myeloma remains elusive.
Salmon & Seligmann proposed a "two-hit" hypothesis which
seems to find some acceptance (Salmon & Seligmann 1674).
Tne first "hit" involves what they described as an
'antigenic stimulation' resulting in monoclonal B cell
prol iferation. This stimulation has obscure origins
despite reports that in a few cases, myeloma proteins have
been shown to react specifically to certain antigenic
determinants e.g. streptolysin (Seligmann??%68) and horse
2 macroglobulin (Seligmann et al 1973 clone such as
this may becone neoplastic under the influence of a
mutagenic stimulus e.g. onco-RNA-virus (Rowan 1982) or
icnising radiatiorn (Cuzick 1981). The behaviour of some of
the so called momclonagl gammopathies of undetermined
significance may tend to support this view. In some
cases, monoclonal gemmopathy of undetermined significance,
or to use its older term "benign monoclonal gammopathy",
can terminate in multiple myeloma (Kyle 1982).. It is
possible that the 'benign' phase represents the "first
hit" stage and the mutagenic event representing the second
"hit" which causes neoplastic growth of the clone. This
hy pothesis illustrates the drawback in using the old term,
"benign monoclonal gamnopathy". This term 1s misleading
in that benign monoclonal gammopathy may ncot remain benigh
throughout the patients life. The"two hit" theory has its

criticisms however; antigenic stimulation results in
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almost every case in a polyclcnal response with even
haptens such as NIP (3 ritro-4-hydrox-5-iodoph enylacetyl)
evoking an immune response involving 8000 clcnes
(Williamson et al 1973). It is difficult to conceive of
an antigen which results in monoclonal B cell
prol iferation, and tnis topic will be discusseciin greater

cetail 1leter.

The differentiation between moncclonal gammopathy of
undetermined significance and early multiple myeloma
remains one of the most important aspects yet to be
resoived satisfactcrily. Many metheds have been reported
attemnpting to make this distincticn, although none has
found universal favour (Greipp & Kyle 1679; HWcrfolk et al
1980; Schimuzu et al 1980, 1982). The most reliable
metnod so far described is & steady increase 1in
paraprotein concentration, a feature whicn usually heralds
melignancy. (Kyle 1982). Unfortunately, tnis metnod will
not pick out the malignancy in a single sample but relies

on follow up csamples over a period.

In recent years, there has been a trend towards earlier
diagnosis of all the immunoprol iferative ciseases. This
has been due largely to increased awareness of subtle clues
regarding-tne natural'history cf the diseasé. These may
point towarcs immunoproliferative diseases being found
accidentally while the patient is managed for an unrelated
di sorder. Since multiple myeloma occurs in a patient
population that already has a high prevalence of other

Ciseases, the occurrence of clues pointing to multiple
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myelcma 1is not surprising. Diagnosis of the disease
invoives the fulfilment of a number of criteria. (1)
ircreased numbers of gbnormal plasma cellS in the bone
mafrow, (2) a monoclonal immunglobulin be it either in
seruml or urine (complete molecule or fragment), (3) bone
lesions that ére consisteﬁt with multiple myeloma. Within
each ,category, otner perameters have to be satisfied
(Durie &« Salmon 1975). Aspirates of bone marrow from an
aff ected site are diagnostic in 90-95% of cases with §5%
of patients naving a bone marrow plasmacytosis of greater

than 10%.

With regard to the monoclonal immunoglobulin,
concentrations of greater than 20mg/nml fcr IéA or 30mg/ ml
for IgG are indicative of malignhant disease. Bone lesions
are the presenting symptoms in 60-70% of patients with
multiple myelcma (Kyle 1975). These are most often found
in sites ¢f active haematopoiesis e.g. skull, vertetbrae,
sternum, ribs and proximal long bones. These 1lytic
lesions are not, however, pathognomic of multiple myeloma,
as they cannot always be distinguished from the lytic

lesions produced by some metastatic carcinomas.

A cure for multiple myeloma has not yet been cbtained and
the prospects for one would seem, at present to be remote.
Cne of the contritutory factors to this, is the fact that
wnen the disease presents clinically, it is already at an
advanced stage, and much of the pathological change is

irreversictle.

Therapy of multiple myeloma, therefore, has several basic
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aims., First and most important, reduction of the tumour
cell burden or, failing that suppression cf its growth.
Further aims of treatment would be relief c¢f pain so that
the patient may remain ambulatory, stimulation of skeletal
remineralisation and maintenance of adequate nydration.
Prior to the introduction of cytotoxic cnemotherapy,
median survival was 7-9.months from the time of dizgnosis
and around 17-19 months from the onset c¢f symptoms.

(Csgood 1960)

Alwall reported in 1947, a significant improvement in one
patient treated with urethane and stilbamidine (the
urethane naving the therapeutic effect). A decade later,
DL-phenylalanine mustard was noted to produce a
significant improvement in some patients (see Callihan et
al 1983). The major advance in the treatment of multiple
myelcma was the introducticn by Blokhin in 1658 of the L-

i somer of phenylalenine mustard "melphalan"

Treatment with melpﬁalan significantly increased the
median survival to 19-28 months from diagnosis. Since
then, combination therapeutic regimens particularl} with
melpnalan and prednisone have resulted in further
increases in survival whilst providing palliative but not

curative effects (Vrana,Bunn 1980).

It seems then that a period of remission, as defined by
current standards, invoives the killing of a certain
proportion of the neoplastic clone leaving the remainder

to contribute to what is known as "platesu state"
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(Sullivan « Salmon 1972). This state implies that the
nuirber of cells entering tne clone and leaving it (i.e.
being destroyed) is equal ir number and the tumour remairs
constant in size. Current therapeutic regimes if they
cannot achieve cure, must concentrate on reducing the size
cf tumour which constitutes the plateau state. This will
have the effect of lengthing the pericd 0f remission and
causing an even greater fall in tne serum paraprotein
concentration. At present, only a small proportion of
patients undergoing therapy resgpond with a decrease in
serum paraprotein concentration which brings its level to
below the detection limit for zonal and
immunoel ectrophoresis. As therapeutic regimes improve
then this proportion will aimost certeinly rise (McElwain,
Powies 1983). This situation w;ll leave laboratories
relying on conventional electrophoretic techniques in a
position where they cannot contribute to monitoring the

disease in the same wWway as they could previously.

It was for this reason, along with others outlined
earlier, that an alternative to conventional

electrophoretic techniques was sought.

This thesis, when it addresses the problem of early
detecticn of relapse, will show that isoélectric focusing
of serum from myeloma patients can detect relapse of tne
disease as judged by increasing paraprotein levels when
the tumour loadis smaller. Aswell as this, it will show
that isoelectric focusing can fultfil all the functions
that routine electrophoretic tecnnigues are currently used

for.
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Ic  Walcdenstroms Macroglcbul inzemia and
Chronic Lymphocytic Leukaemia

.Waldenstrém's Macroglcbulinaemia and chronic lympnocytic
leukaemia are two other B cell neoplasia which can be
associated with serum parzproteinaemias, Indeed, the
pathology of tne former disease, as its name implies, is
concerned to a great extent with the presence of sometimes
very large concentrations ot Igi. Ualdenstroms
Macroglobulinaemia (VWHK) is a disease in which the
cytologic features influence the cliniczl aspects.,
Neoplastic cells rangirng in maturity from small, well
differentiated lymphocytes through to plasma cells can be
observed in WM. Waldenstrom (1944) used the term
"macroglobulinaemia" to describe the symptoms of three
patients who exhitited hyperglcbulinaemia, bone marrow

lymphocytosis, fatigue and mucosal haemorrages.

As with many of the other 'lympnomata', the aeticlogy of
WM is-unclear. There is occasional familial clustering
nowever, and a genetic predispositicn to the disease has
been suggested (Seligmann et all967) although this remains
unsubstantiated, Also in common with othef E cell
neoplasia, WM is a disease of the elderly with peak
prevalence in the 50-70C years age bracket. The major
clinical feature of the disease 1is hyperviscasity
syﬁdrome, arising as a direct result of large
concentrations of IgM in the blood. Pentameric and
aggregated IgM have high molecular weignts (viz 900,000
for pentameric IgM), therefore when a nigh concentration

is present in blood, there is an increase in serum
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viscosity. This leads to impairment cf bLlood flow,
particularly through small vesséls such as tne retinal
vessels, A total lcss of visual acuity can.result from
tnis. Similer manifestations can result when blood vessels
of the inner ear are occluded, deafness being the outcome,
in some‘cases. The central and peripheral nervous systems
can be affected with symptoms being varied and wide
ranging, inclucing headaches, seizures, stupor and
paresis. Cardiac problems can result from slow blood flow
and increased plasma volume 1n elderly patients

(Waldenstrom 1968)

Diagnosis of the disease is usually made by noting
abnormalities of the serum proteins and bone marrow or
lymph node biopsy. Tissue sections from around 80% of
patients with *classic! WY show a mixture of small
lymphocytes, plasmacytoid lymphocytes and occasional
plasma cells anc immunoblasts , thus the raange of cells is
varied. Pangalis (1977) reviewed 108 cases of well
differentiated lymphocytic melignancies and divided them
into 3 categories, each with characteristic clinical and
laboratory features. In category 1, the patiehts W ere
designated as haQing well-differentiated lymphocytic
lymphoma. Of these, around half had bone marrow
involvement but. no blood lymphocytosis or serum
paraprotein. The second group &ll had serum
paraproteirnaemia but only half had bone marrow involvement
with none having blood lymphocytosis. These were
designated as having WH witﬁ apprecizble plesmacellular

diff erentiation and "detectable" serum paraprcteinaemia.
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Group 3 consisted of patients with absolute lympnocytosis
but without monoclonal gammopathy and were considered to
have chronic lymphocytic leukzemia, In all groups, a
conimon theme was seen to be proliferaticn of small well-
differentiated lymphocytes but the extent to which there
was maturaticn of these cells vaeried with plasma cells
and/cr pleasmacytoic JJymphocytes peing present in 9.7, 90
and T% of patients in Groups 1, 2 and 3 respectively.
Pangalis used the data to support tne concept that
histclogically similar disorders may exnibit separate
clinicel and haematologic features, What is also clear
from data of this nature is that it is extremely difficult
tc place these disorders into finite categories as there
is so much overlapping between the groups and WH is merely
stage in a number of diseases which mirror the B cell

developmentalcontinuum.

Therapy fer WK is not always indicated after diagnosis, as
the disease may remain st;a'ole for many years.
Plasmapheresis is sometimes required to alleviate the
symptoms of hyperviscosity syndrome (Schwab &« Faney 1960),
although this measure does nothing to treat the underlying
necoplasm and consequently may have to be repeated.
Chemotherapy when indicated, conéists on many occasions of
the alkylating drugs Chlorambuc&l, cyclopnosphamide and
melphalan although the five drug M2 regimen has a high
rate of remissior induction and the need for
plasmapheresis has been obviated using this combinaticn

(Case 1981).
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With regard to laboratory management cf Wwaldenstrom's
Macroglobulinaemia, tne picture is confused wWhen
pl asmapheresis therapy is used. If this is taken into
account however, the measurement of Ighli concentratiocons is
helpful ir the routine monitoring of the disease., There
isvariability in patients responses to therapy, and the
natural course of the disease, both of which influence
paraprotein levels., For example, it is known that the
tumour transforms, in some cases, to more lywmphomatous
development and as a consequence, the serum paraprotein
concentration can fall free from chemotherapeutic effects

(Leonard et al 1980).
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Chronic lymphocytic leukaemia (CLL) is also widely
acknowledgec to be a2 B cell neoplasm, and is the most
common of the chronic leukamias in Caucasian populations,
where it forms 25 % of leukaemias (Sweet et al 1977).
Diagnosis of the disease is not usually difficult with a
peripheral blood lymphocytosis of 50- 1500,00C % 10q
cells/litre being & major diezgnostic feature. The first
comprenensive review of CLL was that of Turk (1903), this
being followed by the work of Mirot & Isaacs (1924) which
described the clinical features of the cisease.
Discussions of the natural history of the disease were
providecd in the 1960s most notably by Galton (1966) and
Dameshek (1967). Itwas this latter work by Dameshek which
foimed the basis for the now universally accepted cliriceal
staging system formulated by Rai (197%), in which the
lymphocytosis is gligned with other parameters such as
enlarged lymph nodes, spleen or liver to give a staging
system whicn gives an idea of the prognosis of the disease

at diagnosis.

With regard to treatment of CLL, this like myeloma, has
palliative rather than curative azims, Many patieﬁts are
asymptomatic for long pericds of tneir disease,
particularly those iq Rai Stages O, I-.-and II and meny
centres do not treat their asymptomatic patjents.
Treatment for symptomatic Stage III and IV batients is
varieble and depends on trhe medical status, the bone
marrow reserve and any previcus therzpeutic responses from
individual patients. The prognosis of patients falling

into Rai stages III and IV is generally pocr with a median
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survival of 1.5 years (Rai et al 1984). Precdnisocne and
chlorambucil are the two commonly used drugs but
cyclophospnamide, vincristine and prednisone (COP) have
been used in treatment. Tne addition to this regime of
adriamycin (CHOP) is sometimes beneficial. Rgdiation
therapy is scmetimes used particularly when patients are

refractory to drug therapy. (Kai et al 1984)

The aeticlogy of the disease remains obscure. Whereas
irradiation plays a definite role in the cause of acute
leukaemia, no such relationship is clesr in CLL. The msale
predominance in CLL may suggest a hormonal influence
(Sweet et al 1977). There have been many reports of a
familal tendency for CLL (Blattner et al 1976, Videbaek
1647), but there is no clear pattern cf inheritance whkicn
may suggest that environmental factors influence a genetic
prediposition to the disease., Iumune deficiency states
such as ataxiz-telangiectasia, Wiskott-Aldrich syndrome as
well as agammaglobulinaemia are associated witn an
increase in lymphoid neoplesia (Dent, Peterson & Good
1968, Schwartz & Andre-Schwartz 1968), and such stapes may
riake the patient more susceptible to unknown leukaemogenic
factors i.e. with defective immune surveillance it is
possible that Salmon & Seligmann's (1974) "two hit"
hy potnesis may play a part with stimulation of an original
monoclonal population by for example an oncogenic virus

into a reoplastic clone.

The disease is characterised by an accumulation of cells

resembling morphologically mature lymphocytes wnich
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gredually replece the lymphoreticular network, including
peripheral tlood, borne marrow, lymph nodes and spleen.
The cells have a nigh nucleus to cytoplasm retio with the
cytocplasn cften forming only a thin rim around tne
nucl eus, The maturity of the neoplestic lymphocytes
involved remaiﬁs corntroversial, The surface
immunoglobulins, detectable by immunofluorescence,
constitute the most reliable ﬁarker for B cells
(Preud'homme & Seligmann 1972b). In the majority of CLL
cases, the surface immunoglobulin consists of both Ighk and
IgD, but there is a range of isotypes which can occur as
surface immunoglobulin (Brouet &« Seligmann 1G77)
indicating that the precise stage in the B cell maturation
pathway at wnich CLL E cells are arrestec is variable and

poorly defined.

It was thought that the incidence of paraproteinaemia was
less tnan 10% but this figure was arrived at using
conventional techniques (Moore et al 1970).
Conseqeuently, CLL was considered fcr the most part, to be
"non-secretory" in nature, Those patients who were known to
secrete monoclonal immunoglobulin, detectable by
conventional immunoelectrophoresis, were consicered to
form a special case, intermediate between the common form
of CLL characterised by the absencé of paraproteinaemia
with a complete block in the meturation process and
Waldenstroms macroglobulinaemia. This situation cccurs to
sucn an extent in some cases, that it is difficult to
distinguish CLL from Waldenstrdoms macroglobulinaemia

(Zlotnick & Robinson 1970) with persistent maturation of

s A
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the proliferating clone.

" Experimental studies in the last decade nave forced a re-
appraisal of this view, however. Evidence has been
accumul ating, mostly from "in vitro" studies, that there
is a circulating paraprotein in the msjority cf CLL cases,
despite the failure of conventional techniques to show 1it.
Fu et al (1974) raised an anti-idictype antiserum against
the circulating paraprotein ir 2 CLL cases and found that
there was idiotypic identity between these paraproteins
and the surfasce and cytcplasmic immunoglcbulins of the 2
leukaemic clones i,e. the circulating paraproteins had
criginated fromthe leukaemic clones. The patients used in
these studies were still considered to form a special case
and were thought somewhat atypical. It was not until
groups like Hough et al (1976) and Stevenson et al (1980)
raised anti-idiotype antisera agairst the surface
itimunoglobulin and not a circulating pesraprotein and
showed that the export cf Igll from the leukaemic cells was
a common event, that the re-appraisal of tne "block" stage
took place. The inference from work like that of Fu et al
1674 was that there is a spectrum of transition farms of
CLL cells, but that this spectrum of cell types was still
ratner limited. However, the major inference from the
anti-idiotype studies by workers who raised'ahtiserum
against surface immunoglobulin is that the spectrum of
maturity of CLL B cells is much wider and the cells more
neterogeneous in type tnan had been supposed previously in
CLL cases as a whole, Notwithstanding the observation

that serum immunogobulin reactive against an anti-

v
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lymphocyte surface immunoglobulin icictype antiserum is a
ccrmmon occurrence in CLL, it still provecd impossible to
demonstrate tne monoclonal nature of these proteinrs, in
vivo, using ccnventional techniques, As this thesis will
show, isoelectric focusing is very sensitive in the
detection of small quantities of mcnoclonal imwunoglobulin.
Igi is.the most common cléss of immunoglobulin to be
exported by tne leukaemic lymphocytes (Stevenson et al
1680), an immunoglobulin notoriously difficult to deal
with in terms of detection wusing conventional
electrophoretic techniques, but one which immuno-
isoelectric focusing detects more easily when at low
concentrations., Stevenson et al (1980) suggested that the
concentration;idiotypic Igli was related to the size of the
clone and, therefore, monitoring of the concentration of
Igit could be used to chart the progress cf the disease.
This idea seems plausible in the light of further
suggestions from Pierson et al (1980) and Stevenson et al
1983 in discussing another tumour related product namely
Bence-Jones protein when they botn suggested that
monitoring of urinary Bence-Jdones protein levels may be

useful in monitcring tnerapy.

Ic The use of laboratory techniques in E cell neoplasia

One of the common factors linking the necplasia discussed
in this thesis, is that they are associated to a greater
cr lesser extent with the presence of mcnoclonal

immunoglobul in.
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At present, two of the most widely used methods fecr
screening sera for iionoclonal iumunoglobulins are zonal
and immunoelectrophoresis (Callihaﬁ et al 1983). Zonal
electropnoresis is very often carried out as a preliminary
procedure on cellulose acetate membranes (Kyle 1¢75) and
the medium of choice for iﬁmunoelectrophoresis is agarose
(Smith et al 1980). It is widely acknowledged that these
methods &are sufficiently sensitive for detecticn and
correct icentification of paraproteins when the
paraprotein concentration is nigh (2> 10mg/ ml). However
when the paraprotein level is low (<€5-10mg/ml) then
difficulties arise when these techniques are used. With
regard to zonal electrophoresis in either agarose or
cellulose acetate nmembrane, the main interfering factor is
polyclonal immunoglobulins although other serum proteins
can also interfere., When paraprotein concentration is
low, it becones increasingly difficult to distinguish a
paraprotein banada from the background staining of
polyclonal immunoglobulin. Immunoelectrophoresis relies
on the use o¢f anti-heavy and anti-lignt chain antisera to
develop lines of precipitation which can show whether the
serum contains monoclonal immunoglobulin when compared to
the shape of the arcsfrom a normal serum (Thompson &
Stokes 1977). It is this qualitative interpretation of
the immunoelectrophoretic arc that poses many of the
protlems associated with the technigque. When the
concentration of & putative monoclcnal immunoglobulin is
low, then the detection and correct assessment of
lccalised deviations in the arcs can be difficult. This

situation, when it arises, is unacceptable arnd it is in
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the best interest of 2ll concerned for the laboratcry to
issue unequivocai reports whenever possible. The practice
ir cur laboratory was to recommend a review of the
peatients serum every tnree months until the abnormality
either resolved or became unequivocally monoclonal in

nature.

To overcome delays of this nature, an alternative to these
techniques was sougnt. Such & technique had to be as
technically simple, as reliable, as quick and most
importantly, much more sensitive than the methods used

previously.

Ie Isoelectric Focusing

Isoelectric focusing combines sensitivity and resolution
to make it one of the best methods available for the
demonstration of the microheterogeneity or homogeneity of
proteins (Righetti « Drysdale 1974, Rosen et al 1979).
This thesis will describe the development of a scheme for
the rcutine screening of patients' sers for monoclonal
immunoglobulins by isoelectric focusirg in agarose gels.
It will set out the icdeal conditions necessary to échieve
satisfactory identification of monoclonal immunoglobul ins
coupled witn the factors of sensitivity, speed,
reliability and technical simplicity mentioned above.
These factors would have to be such that isoelectric
focusing offered positive advantages over more routinely
used techniques in screening for pareprcoteinaenia. The
most important of these factors are probably sensitivity

ana reliability. Isoelectric focusing, if it is to gain
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credence as a routine technique must be sensitive and
reliabtly so both in terms of correct identification of
paraproteins and also the paraproteir concentration range
over which tne technique can be used. There should nct be
an occasion in which a paraprotein is detectable by
immunocelectrophoresis whilst remaining undetectable using
immuno-isoelectric focusing. Indeed, the converse must be
shown to be true i.e. there must be occasions in wanich
paraproteinaemia 1s undetectabvle by routine
immunoelectrophoresis and clearly detectable by immuno-

isoelectric focusing.

Technical simplicity is also of importance. A method for
iscelectric focusing must be arrived at which is not
technically demanding and which offers greater ease of
interpretation than iumunoelectrcphoresis. This ease of
interpretation is relzated closely tc the reliability and

sensitivity mentioned above.

This thesis then will descrite conditions necessary to
achieve satisfactcry results whnilst perfcruing up to the
standards outlined above, It will describe the poésible
role that isoelectric focusing (IEF) and its immunclogical
counterpart, immuno-iscelectric focusing (IIEF), can pla)
in the.laboratory management of B cell neoplasia It will
show how isoelectric focusing can be used to detect
monoclonal immunoglobulins and having detected them to
identify them with suitable reliability. Tnis will be
shown to be the case.both on occasions wWhen thne

pareprotein is clearly detectable usirg routine techniques
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and also on occasicns when it is not. It will also show
comparisons in sensitivity between iscelectric focusing,
immuno~ isoelectric focusing, immunocelectrophoresis and
zonal electrcophoresis fcllowed by immunofixation, the
latter being a technique which is gaining in popularity
- end, in some laboratories, replacing immuncelectrophoresis

(Johrnson 1682, Sun et al 1979, Reichert et al 1985).

As well as definite identification oi peraproteins, a very
necessary aspect of laboratory management of
paraprcteinaemias is that techniques usec should be
quantitative as well as qualititative in nature. The
thesis will describe a method of quantifying mcecnoclonal
immunoglobulins with the use of IIEF which is applicable
botn to serum and urinary paraproteins. This will enable
tne concenfrations of paraproteins to be measured
througnout the course of cisease., Detection of relapse of
the disease may be possible at an earlier stage and the
technique may &also help in initial diagnosis of
myelomatosis which can often be accopanied by a steady
rise in paraprctein concentration (Kyle 1982). These two
poirnts stem from the fact tnat, as thiswork will sﬁow, it
is possible to detect monoclonal immunoglobulins when the
paraprotein concenﬁration is low and the tumour load is
therefore smeller, and can, tnerefore, Dbe used over a
larger range of tumour sizes than was possible using

immuncelectrophoresis.

There are other aspects regarding the use of isoelectric

focusing which may be of scme value in monitoring



43

myeloﬁatosisﬂ Bence-Jones prbtein, or free monoclonal
lignt chain is often produced in excess by the necplastic
cells in myeloma. The concentration of these proteins may
have a bearing both on diagnosis (Dammaco &« Waldenstron
1968) and monitoring of myelomatosis, The thesis will

describe tne use of isocelectric focusing in monitcring the

serum concentration cf these proteins in myelomatosis. It .

will also describe the detection o¢f wmonoclonal
immunoglobulin in a case of "non-secretcry" nyeloma and

tne implication of this will be discussed.

In myelomatcsis the vast majority of cases are associated
witn the presence of serum or urinary paraproteinaemia
(Oken 1984) but there z2re other B cell reoplasia which are
cn occasion associated with tne presence of paraprcteins.
One of these diseases is chronic lymphocytic leukaenia.
This cisease arises trom tne proliferztioncf a clone of B
cells, but unlike the neoplastic cells inmyeloma, there
is controversy over the stage of maturation of CLL B
cells, Nevertheless, the reported incidence of associated
serum paraproteinaemia is less than 10% and usually of Igll
isotype (Moore et al 1970, Alexanian 1975)., This figure
nas been arrived at using- conventionel techniques such as
imrmunoelectrophoresis, a technique which, as is shown
nere, is not sensitive enougﬁ to detect low levels of
serum paraproteirs, especially of the Igii isotype. The
application of immuno-isoelectric focusing in testing a
nui:ber of sera froem CLL patients is shown. The
correlation between the isctype of the serum paraprctein

and the isotype of the immunoglobulin in the cytoplesm of

.
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the patients leukaemic cells is discussed., Details are
also given 6n the molecular size of <the paraproteins. By
using anti-idictype antibodies, it has been shown that
there 1s 1idiotypic identity between surface
immunoglpbulin, cyteplesmic inmunoglobulin and serum
paraproteiq (Hough et al 1976; Stevenson et al 1980; Fu et
al 1979). This thesis will report on this aspect in one
patient with CLL.

In a zonal electrophoresis of rormsl human serum the gamma
region is smooth and free of bands. This is becazuse the
multiple clones . secreting immunoglobulin contribute
equally to this region (Williamson et al 1973). The
isoelectric focusing patterns of 200 incividuals over the
age of 45 is described in an attempt toc establisn an
incidence.of abnormal immunoglobulin profiles ir this age
group. In additicn, abncrmal immunoglobulin profiles in
Non Hodgkins lymphoma and Hodgkin's Disease are described
ina small number of patients whose serum was separated

using iscelectric focusing.

It is clear that a major part of this work is concerned
with the use. of isoelectric fccusing as either a
supplement or an alternative to routine electropnoretic

techniques.

The history of the technique is relatively short, dating
back to tne early 1960s wnen Svensscn develcoped tne
technique as it is known today (Svenssoh.(1961a, b);
Svensson 1962) with background irfcormaticn which had been

previously supplied by Kolin (Kolin 1954; Kolin 1955 &, D)
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and, earlier Ikeda and Suzuki (Ikeda & Suzuki 1G12).
Since the 1960s, isoelectric fcocusing nhas beenapre-eninent
electrophoretic technique combining high resolution of

proteins witn techrical simplicity.

The fields of application in which the tecnnique has found
use have become very wide and varied. As well as a
research tool which can show heterogeneity in a protein
mixture whicn had appeared homogzencus using other
techniques, various applications nave been developed which
have a direct clinical application.

x1 antitrypsin, the major protease innibitor in human
seruin has phenotypes which can be resolved by IEF into
five major fractions (Jeppson 1977). A deficiency in
phenctype Pi-Z is associated with pulmonary emphysema.
fhis deficiency has been found to be diagnosed with much
greater ease than was formerly possible using starch gel
electrophoresis followed by crossed inmunoelectrophoresis.
Hdaemoglobins and their variants are probably the group of
proteins most studied by IEF. More than 200 naemoglobin
variants have so far been described (Bunn 1977) and IEF is
probably now the method of choice in describing these
variants. Fortunately, most haemoglobin variants are of
genetic interest only, but an increasing number have been
associated -witn cdiseases. Only a very minor change in the
amino acid sequence can cause a marked alterati&n in the
function of the mclecule. Thus, very sensitive methods
are required to detect these variants. As well as
detecting the many haemoglobin veriants, IEF can also be

used to monitor the average blood glucose level in
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patients with diabetes mellitus (Bunn et al 1978)., This
is acnieved by study cf a group of glycosylated
haemoglcbins of which the best known is HbAy, and are
derived from a post synthetic modification of HbA (&f)-
HBA accumul ates glucose throughout the lifespan of the red
celil at a rate dependant upon thne average blood sugar
level. Thus, this provides an index of a‘diabetics blood
glucose conentration over a long period of time, a
measurement whicn gives more informaticn than is available
froi tests wnich measure glucose levels directly from a
single blood sample.

As well as work on whole blood and serum, isoelectric
focusing has been used extensively in the analysis of
extracelluler body fluids such as cerebrospinal fluid,
saliva and urine. With regarud to the first of these,
cerebrospinal fluid, multiple sclerosis is one conditicn
whose diagnosis nas been nelped most following the use of
isoelectric focusing. Delmctte and Gousette (1977)
ccmparec the usefulness of IEF with otner cerebrospinal
fluid examinations in 262 multiple sclerosis patients and
found tnat the oligoclonal immunoglobulins found in the
disease were detectable in 91% of these'subjecfs when
tested by isoelectric focusing. This figure was compared
with an apparent incidence of only 65% of the same group

wnen tested by agar gel electrophoresis.

Abraham et al (1974) used iselectric focusing to provide
data wnich supported the concept that serum and salivary
IgA have a conmon synthetic origin. Tne study of salivary

enzymes has benefitted from the use of isoelectric
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tocusing, particularly the study of x amylase (Beeley

1975)

Kenal disorders are of'ten accompanied by marked increases
in the concentration of certain proteins, many of wnich
are readily detectable using isoelectric focusing.
Vesterberg (1974) used isoelectric focusing to
differentiate between glomerular and tutular malfunctions.
Glomerular malfunctions are often cnaracterisea by
increased albumin bands and tubuler malfuncticns by a

conspicuous B microglobulin band.

Urinary free light chains arising mostly from B cell
neoplasia are well known and have been widely studied.
Isoelectric focusing can be used, as this thesis will
show, to detect and moritor 2ence-Jones protein
concentrations, A report by Coward et al (1984) has
suggested tnat tne 1soelectric pcint of Bence- Jones
protein may indicate the cegree of ne phrotoxicity, in
tnat Bence-Jones protein with a high isocelectric point is

thought to cause more renal damage, a major complication

inmultiple myeloma for example.

In a celebrated legal case in Australia, isoelectric
focusing was used by the Government-Food Inspectorate to
show that a company Had been substituting a cheaper
species of fish for a much more expensive species in its
products. This was done by focusing thir layers of muscle

frow the expensive fish and comparing the results with

tests done on the company's "substitute product”. Protein
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patterns between fish species vary considerably and so the
fraud was detected and prosecutions ensued (LKB Science
Tools 1984). This type of work nhas been carried out on

other species e.g distinguishing between certain species

of tapeworm and alsc different strains of Echinococcus

granulosus, a psrasite of major economwic importance in

some parts of tne world (Kumaratileke and Thomson 1S79).

The technique of isoelectric focusing is an
electrophoretic separation but instead of being carried
out at constant pH, it is carried out in a pH gradient.
This gradient is established between two electrodes and
stabilised by substances krnown as carrier ampholytes.
Proteins pleaced in this gradient will migrate until they
align themselves at a point at wnich they possess no net
change. Isoelectric focusing, therefore, is an
equilibrium technique which concentrates proteins at this
isoelectric point (pI).

(eta,b)
Svensson[recognised the importance of the electrochemical

reactions taking place at the aznode and cathode.
Arode Reaction 6H; 0 — 0 +4n,0" +ue

Cathode Reaction 4H,0 + U4e — 24, +4cCH

The essentizl feature of these reactions is that the &node
becomes acidic and cathode becomes alkaline under an

electric current,

If a2 simple amino acid is consicered e.g. glycine; at hign

PH glycine is negatively charged and at low pH it is
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pcsitively chargec i.e.

Ntkg™ /COOH N# T coo” Nl coo~
CH, City CHy

Low FH PI Poi/\? Hited pH

EXCESS HY : ' ExCess Op~

A molecule like this is therefore said to nave ampnoteric
properties as its charge is dependent on pH. A pH exists,
therefore at which glycine has no net cnarge; this point
is defined as the isoelectric point. This constitutes an
important bicchemical parameter describing each protein.
Under the influence of a field strength, all amphoteric
riolecules will migrate towards their pl where they will
tend to concentrate. If an amphoteric moiecule has any
buffering capacity at its pI, thena small pH plateauwill
develop around the maxiimuwm concentration. If sufficient
different amphoteric species are introduced into the field
each with different pl and suitable buffering capacity
then a continuous pH gradient will form. Therefore, in an
established pH gradient, if glycine is applied-at the
anode, it is positively charged and will migrate through
the gracient to that point wnere it carries no net charge,
its isoelectric point, Similarly, all glycine molecules
regarcless of their points of application, will migrate to
their isoelectric point and will concentrate, or focus in
that region. Tris ability to focus proteins in a defined
area of & pH gradient is the basis of the extraordinary

resolving power of isocelectric focusing.
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Ikeda and Suzukl in 1912 wmade tentative steps towaras
generating a natural pH gracient, Thney tried to separate
amino acics in a three chambered apparztus, the chambers
being separated by membraznes. Under tnese conditions, the
. most basic amino acids concentrated near the cathode and
acidic amino acids at the znode. The constituent amino
acids congregated at their isoelectric poirnts, but because
of tne fact tnat different amino acids have different
conductivities and buffering capacities, the pH gradient
formed was unstable and ill-definec. Tne next step in
the process came when Kolin, in 1954, attempted to
construct an artificial pH gradient in a sucrose density

gradient i.e,

|
® [ mn o
acidie /bu(fef sﬂ;t;ﬁf’;ﬁ,,m on bals:'c buffer

dlffu:a..q 20m¢é
The drawback with this apparatus was that the pH gradient

Was .unstable over long periods. Svenssons work fcllowed
on from this in its attempts to manufacture a stable
artificial pH gradient. Although he defined virtually all
of the important requirements of carrier zupholytes, he
coulc find no suitable compounds. Carrier ampholytes had
to have a high buffering capacity 2t their pl. Tais
requirement meant that .aminc acids could not -be used
Successfully, thus éxplaining the unsuccessful results of
Ikeda « Suzuki. The other important feature of the
ampholytes bufferirng capacity is that it must te even
across the whole of the pH gracient. If this is nct so

then the stability of the gradient will ke adversely
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fected.

[s%
)

Tne conductivity of the ampnolyte must also be considered.
If a particular carrier ampholyte nas an extremely low
conductivity at one point then this part of = gel for
example, will nave a nlgh potentiel ditference across it.
Tnis factor nas two important consequences, Firstly, the
temperature is very umucn higher lccally, with the
possiblity of the sample being denatured or the gel
suffering excessive evaporation of water. Seconaly, an
area like this causes the rest c¢f the gel toc have a lower
field strength, thus giving poorer resolution. The
numbers of carrier ampholytes present affect the
swmoothness of the pH gradient, with as high a number of
individual carrier ampholytes as possible being desirable,
At the seme time however, these must not interact with the
sample proteins and must also be rnon-toxic and non-

carcinogeric.

.

The first successful synthesis of artif;cial ampholy tes
was achieved by Vesterberg and Svensson (1966) who coupled
carboxylic acid residues to polyethylene poiyamine&
Recent advances by corimercial companies nave improved on
these first artificizl ampholytes giving a.modern product
wnich gives more uniform and reliable results using an
extremely lzrge number of cifferent ampholytes all with

slightly different iscelectric points.

Originally, isoelectric focusiry was developed for use in

vertical columns witn stabilisation by density gracients
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of sucrcse or glycerol. Flat ted isoelectric focusirg was
introducecd and for analytical work found to be evermore
useful (Awdeh et al 1968). Polyacrylamide was used as the
support medium for isocelectric focusing and, indeed, until
recently, has been the mecium of choice. OCtner maciz were
triea, nctably agarose, but the main advantage that
polyacrylaride had cver zlternative media was that tecause
it is a virtually unchargea polymer, it nas an extremely
low electro-endoosmotic effect. Almost all tne severe
proctlems encounterec in agarose iscelectric focusing are
related in some way to this phenomenon. Electro-
endocsmosis occurs when the fixed charges on the gel
matrix attract counter ions, thus makirng the liquid layer
close the surface carry a net charge wnicn is opposite to
that of the surface. Then, when a2 current is applied,
this liquid migrates causing electro-endoosmotic flow,
This phenomenon is one of the major causes of gradient
drift i.e., unstable pH gradient., Classically, it is seen
as a decrease in cathodic pH and flattening of the anodic
pH gradient, hence its other name catnocdic drift. It wes
the occurrence of unmanageable electro-endoosmosis and its
attendant effects that hindered the develcﬁment of
iscelectric focusing in agarose. An agarose could not be
produced wnich was free of electro-endoosmotic effects.
Dirferent agaroses were purified; attempts were made to
reduce EEO by adding substances such as sorbitol,
glycenol, dextran and others but it became apparent that
the preparztion of a completely charge free agarose by thne
above means of chemical modification was unlikely to rieet

with mucn success, as even tiny amounts cf residuali cnarge



53

on the agarose caused considerable gradient drift.
Eventually, nowever, stable positive charges were
introduced and bound to the agarcse polymer by stable
linkages, This nac¢ the effect of miniwising the effects
of electro-endoosmosis. It then became possible to
perform isoelectric separation ci proteins in agarose.
Polyacrylamide does not suffer tre same problems as
agarose did wnen used as a support medium. However,
acrylamide is a known neurotoxin; effective if inhaled,
absorbed through tne skin or swallowea, With regard to
immunoglobulin work,agarose affords better conditicns for
immunclogical identificetion and isoclation of large
ﬁroteins including IgA and Igi. The staining and
destaining times are much shorter for agarose compared

with polyacrylamide.

Isocelectric focusing was first applied to the study of the
immunogloobulins by Awden and co-workers in 1966. Their
1670 paper on the subject snowed the focusing patterns of
a rabbit IgG myelowma protein showing four closely spaced
bands decreasing in intensity and size towarcs the anode
(Awdeh et al 1970). This, and subsequent studies,.prompted
much work in the early 1970's and by 1973 isolectric
focusing in peclyacrylamide and liguid sucrose density
sradient columns had wide usage in the study of antibodies
of restricted neterogeneity. With regard to screening
purpcses, agarose isoelectric focusing is probably the
method of choice for the reasons given above. Mlost
important of these is the fact that imnmunofixation of

prcteins is much more difficult using polyacrylamide,



54

Polyacrylamide nas no reported advantages over agarose
when screening for monoclonal immunoglobulins and
consequently this study will restrict itself to zgarose

iscelectric focusing.

Awdeh and nis co-workers were the first group to show that
the tiosyntnetically homogeneous immunoglobulin product of
a neoplastic plasma cell displayed a2 miicroheterogeneous
_ erad o )
iscelecric spectrun;(Awdet/1970L This "spectrotype"is
characteristic of monoclonal immunoglobulin and is readily
identifiable as such. The reasons for tne appearance of

up to 11 separate bands from one immunoglobulin will be

Ciscussed later.

However, when an immune response is mounted then this
response is ncrmally polyclonal in nature. If all
imwunoglobulin products separate as shown by Awdeh into
spectrotypes consisting c¢f a number cf bands, then if as
few as 10 clone products are focused together on a pi
gradient of ph 5-8, Willieamson et al (1973) showec that
these merge together to give a banding pattern in which it
is not possible to cistinguish the exact number cf clones
secreting immunoglobulin, Circuleting immunoglobulin in
norinal individuals will consist of products of many
clones, hence .wtzen these are sepaf‘atecﬂ
electrophoretically, then the geumaglobulin regicn shows
no bbanding, Similarly, thé number of clones responsible
fer circulating immunoglobulin in normal individuals is

large enough to preclude tne formation cf ciscrete banding
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patterns and therefore causes a2 diffuse blur on
iscelectric focusing of serumn. Althougn focusing of all
classes of monocleonal immunoglotulins has been shnown
previously (e,g. licLacnlen « Cornell 1976), its adaptation
Gs a routine technique is not well established.

If Scope ot Thesis

This thesis then, is a reappraisal cf certain aspects
regarding B cell neoplasia such as multiple myeloma and
chronic lymphocytic leukaemia. In tne case of multiple
myeloma, an improved method fcr detecticn c¢f mcnoclonal
immunoglobulins is described along with improvements on
existing techniques used to umonitor the concentration of

these paraproteins both in serum and in urine.

With regard to chronic lympnocytic leukaemia this work
will address itself to the controversy surrounding tne
stage of meturation of the neoplastic lymphocytes as well
as adding weight to the theory that measurement of serum
idiotypic iwmmunoglobulin may be an effective wmonitoring

technique.




CHAPTER II

MATERIALS AND METHODS
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MATERIALS AWND HETHODS

Ils Radial Immunodiifusion

Rédial immunodiffusion was carried out on plates supplied
by Boearinger-lannheim, A measgred aliquoct of %pl of
serun was édded to wélls punched in an agarose gel
containin, specific zntiseruw. On ciffusion, a precipitirn
ring is formed cf whicn the square of the diameter is
proportional to tne concentration of the antigen in the
sample (iiancini et al 1965). After z 24 hour diffusion at
rcobni’ temperature, the diameter:z were read and tne
concentrations of immunoglobulins were obtained from a
cnart supplied with each radial immunodiffusicn kit, which
gave the concentrations applicable to cdifferent precipitirn

entiserurn.

IIt Zonzl and Imnmunocelectrophoresis and
Qucnterlony Double diffusion

Imrmunoelectropheoresis was carried out cn commercieglly
prepared plates supplied by Corring (Corning Universal
Agarose Electrophoresis films) i.e. 1% agarose, barbital
buffer, pH 8.6, Eignt wells in the agarose were filled
alternatively witn patients sample and normal human
plasw a, Electrophoresis was carried out at 20mA constent
current for one nour, after which appropriate antisera in
2Qpl aligquots were added to the troughs., Following a 24
hhour incubaticn in a moist cnamber &t room temperature,
tne film was wasnec in 0.65% HaCl for 24 nours, tc remove

tae non-precipitated protein. After washing, the film was
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dried and stained in 0.2% PAGE B2lue G90 (BDE Chemicals).
This stain was wmade up in a soluticn centairing 355
etnanol, 10% Acetic acid in distilled water. Tanis
soluticn, without stain, served as a destaining sclution.
As a result of the many cellular assays carriedout inthe
laboratory, a copious éupply of normal numan plasms Wwas
available from many donors., Tnese plzswma samples were
pooled, aliguoted intc 1ml quantities and stored at -20°C
until required. Before use, they were stained with & drop
of libromopnencl blue (Hopxkin « Williaws Ltd) which
stained the albumin and thus served as an electrophoretic
nmarker. The fibrin containec¢ in these plasma samples had
no appreciable effect on the immunoelectrophoresis pattern
anc the samples were therefore judged suitable for
comparison with the immunoelectrophoretic pattern obtained
from patients serum samples, On zonsl electrophoresis,the
fibrin band occurring in the fast gzamumne region was
ignored.

Immunoelectrophoretié studies on urire posed the problem
of antigen excess making precipitin line irterpretation
very difficult. Urires for electrophoretic studies are
routinely concentrated 100X - 300X. If a urine sample has
a large concentration of Bence-Jones protein, then
concentration of the sample will contribute to antigen
€xcess, Consequently, urines were electrophoresed in
concentrated and neat states to try to overcocwme this
probl en. Concentration of urines was carried out in a

Amicon lMacrosolute Concentrator.
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Tne irterpretation of the arc produced by Igl is the wost
cifficult, because of its size andc position (See Fig 24),
In some cases therefore, Iz was reduced to its wmonomeric
form by reduction with 2-Mercaptoetinanocl. A 5004l aliquot
of serum was mixed with 5,1 of 2-Mercaptoethanol. This
was ellowed to stand for 30 minutes at room temperature

before the serum was used,

The antisera used for btotn immunoelectrophoresis and
ivmuno- iscelectric focusing were obtained from thne

following sources.

anti IgG,A and D : Scottish Antibody Production Unit
Law Hospitel Carluke , UK
anti Igh : Boehringer- Hannhiem

anti kappa and lambda : Daxopatts
(free and free plus bound)

Zonal Electropnoresis

Tnis was performed usirg either cellulose acetate

l.elibrarnes or agarose as support media.

Cellulcse acetate electrophoresis

A sheet of cellulose acetate membrane was sozked in
barbitone buffer, pH 8.8 (32.1% TRIS (nydroxy methyl
methyl amine), 13.7» Barbital, 54.2% Socium Darbital) fcr 5
minutes, After removal from puffer it was dried under 2
pieces of {ilter paper for 30 secondas. Then, supported by

a glass plate, the electrodes were placed at the edges of
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tine meinbrane., Commercialiy avallable electrodes‘can be
used out in this case, however, t{(ie elzctrodes were
pletinun wire with pieces of filter paper soaked in
putfer, forwing a contact between tne buifer reservoirs
and tne mewbrane. The samples were then applied at the
cathodic enag of tne membrane using a Tml applicator

(Stianden) and were electrophoresed for 30 minutes at 1CmA

constant currert.

On completion, the membrane was immersed ir U.2% Pconceau
led stain (umiade up in 5% Trichlorocacetic Acid) fcor 15
liinutes and then destained in 5% Acetic Acid until the
background was clear. The protein tracks can be
interpreted successfully at this stage but when a
pernianent record was required the gels were inmersed in
"Sepraclear" (Gelman Sciences) (a solution containing U40%
li-liethyl Pyrrolidone v/v Wwhich nas the effect of making
the cellulcse zcetate membrane opticzlly clear). After
immersion in "Sepraclear", tae wemnbrans was baked in an

cven at €0-90°C for 20 minutes until the membrane

nardened.

Agarcse Zonal Electropnoresis

This was performed on ccilmercially available "Corning
Univer;gl" electrophoresis gels in the csame manher as
iMmunoelectrophoresis. On completion ci tne
€lectrophoretic stage, the zonal electrophoresis gel was
lumersed directly in 0.2% PAGE Elue for 30 winutes. This
nad tne effect of staining and fixing tne proteins. The

gel was then left on the bench to dry, before Deing
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cestained in the same manner zs inmuncelectropnoresis

gels,

Quchterlcny Dcutle Diffusion

This was carried out using 15 agarose in PBSphH T.2.

Holes were punched ir the gel and 15wl aliquots of serun

or antiserum were added anc tne gel incubated in s woist
were wmmersedf wm (125% Nalce +o

cnamper for 24 hours after wnicn thw4emove non-

precipitated protein. The gels wWwere tnen dried and

staired with C.2% PAGZ tlue as described previouély.

IIc Isoelectric Focusing

All isoelectric focusing was performed in a 4°C room on a
Snandon 600 x 100 electrophoresis tank using adjustable
platinum electrodes supplied by Shnancon. Power was
supplied by an LKE 3371D D.C. power pack. A Snandon 600 x
12 cooling plate supplied with water at 4°C was used to

cool the systerm.

A useful basis on which to start experiments which give
optimal IEF results was the instructions supplied by
Pnarmwacia Fine Chemicals, However, vericus pa}ameters
could be varied intheir system. Tnese include various
aspects of gel assemblage, differirg running conditicns,
differing staining techniques, ‘*tc. These were veried to
give 2 system for focusing which combired convenience,

economy and efficient resolution.

With regard to the assemblage of gels, witnh the exception

of the parameter being varied tne instructions supplied by
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Panarmacia Fine Chemicals were used, One aspect of worx of
tris nature is that more information on optimal rurnning
conditicns was gained than the experiment was originally
designed to test, For example, it became clear during
preliminary experiments that focusirg could be completed
ocn an overnight run at relatively low voltage, or that
thir layer ILEF gels could be constructed which gave
[ ]
excellent results, but wnich halveu zne cost ¢t eacn gel
compared with a gel constructed accorcing to Pharmacia's

instructions.

So, the basic protocol fcllowed for the following
eXperiments is that recommended by Pnermacia Fine

Chemicals, with the following two exceptions:-
(a) Constructicn of. a thin layer IEF gel.

According to Pharmacia Fine Chemicals, 30ml cf zgarose
sclutionis required to make ore gel. Tne same 30ml can be
used to construct 2 gels of 15mm thickness, Tnis was
aciiieved by making the gel mixture according to
instructions, but instead of pouring the wixture onto a
neated glass plate, 15ml of mixture was injected between a
sheet of Gelbond (FiC colloids) and a siliconised glass
plate separated by & 1.5um thick plastic spacer. This is

shown in Figure 3.
(b) Overnight run at low voltage

Instead qf running gels at high voltages for short periods
cf time, which it was found oftenledto excess heeting of

the gel, it was found to be much more convenient to run
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gels at 200V overnight (18 hours). This was carried out

at 4°¢.

Therefore, with these two major modificaticns to Pharmacia
Fine Cnemicals' instructions, the following experiments
were designed to test various paremeters ir the focusing
sy stetl,

Gel Assembly: Agarose

As mentioned in the introduction, agerose was thought to
be the most acceptable of the possible support media for
isoelectric focusing. The 1ost commonly available agarose
has charged groups which contribute to electro-endoosiiosis
(EEO). EEO is a valuable pnencrnienon in zonal
electrophoresis where certain prcteins e.g. some of thne
pamma gloobulins, have no net charge at pll 6.6 and are
swept back towards thne catnode by buitfer tlow. This is
entirely unsuitable for isoelectric focusing where charge
phenomena shculd arise only frow interaction between the
sample and the pH gradient set up in the electric field.
Consequently an agarose with its charged grcups removed
was soupht. Various companies now market these special
agarose types, Agarose from LKB ana Pnarmacia Fine
Chemicals had been tried in preliminary.experiments_(A
Lambht, personal ccumunication) with little difference
ncticeable between tnem, Agarose-IEF trcw Pnarmacia was

ﬁelectec for further use.

First, differing concentrations of &.arose were tested to

find the optimuw eiving good rescluticn cf serum prcteins
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as well as the most economic in terms of amourts used

0.5%, 1s, 2.0% agarose in gels ccntaining 12% sorbitcl and
The Esures

Z2u W/ VN ampholyte./fcr socrtitol and ampholyte

concentrations are frowm tne instructions given by

Pharmacia Fine Cnemicals.

Gel Assenbly ~ Sorbitol

Sorbitol is used in iscelectric focusirng pels primarily to
minimise electro-endoosnotic effects. It can be included
in 2 number of non-ionic compounds wnicn have the same
effect. These include sucrose and glycercl, and those with
higher molecular weights such as polyethylene glycol,
dextran and hydroxycellulose, The effect of these
additives is not completely understood however. They alsc
increase the viscosity of tne gel as well as helping to

counteract precipitation of tne samples.

Wnilst recognising the probable need for the addition of
sorbitcl, the final concentration which gave economy with
acceptable resolution had still to be determined for this
system., Varicus concentations of sorbitcl were tried.
First, fccusing was tried without tne addition of

sorbitcl, then 12% and finally 20%.

Gel Assembly - Amphclytes

As described in the introduction, iscelectric fccusing
would nct be possible without ampaclytes. Nevertheless,

it was felt that the final concentration of ampholytes
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incorporated in the gel could be voaried te test tne

effects on focusing capabilities,

Obviously, gels witnout any ampholytes woulcd not focus
proteins, so concerntrations ot 0.5%, 2% and 3% w/v

ampholy tes were tried.

Isoelectric focusing gels containirg 611 and 3k Urea

it urea gels are constructed in a similer fasnion to non-

(@)

urea gels with the following modifications. 0.3 nmg of
Agarose IEF (Pharmacia) were addec to 22rl cf distilled

water.

This mixture was boiled and allcwed to cocl to 7C°C after
wnich 1.9ml cof empnclyte coluticn were added, The
solution was allowed to cool to 55°C and 10.8y urea added.
(10.8g of urea when dissolvec in 22ml water gives rise to
a 30ml final solution). Tne resulting soluticn was
quickly injected between 'Gelbond' and a hydrophobic glass
plate, this apparatus being pre-heated to 50°C to minimise

neat loss.
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6k gels were alsc constructed, but with the zdditicn cf a
norn- ioric detergent (ilonidet WP-40, SDH Cnewicalis). The

following constituents were used to construct a 30nl el.

0.6g Agarose IEF Pnariuacia Fine Chemicals
3.65 Sorbitol BDH chemicals

15ml H,0-
14.4; Urea BDH chenicals

1.9l ampnclytes Pnarmacia Fine Chemicals

0.6 ml [on-Idet KPUQ BDh cnemicals

The agarose and sorbitol were discsolved in boiling water
and tne temperature allowed to fall to 65°C before the
addition of tne ampholytes and urea. Tne Nornidet HP=-40
was tnen added slowly, to prevent foaming., The el was
then cast in the apparatus describeu in Figure 3, but with
the additicn of a second 1.5mm 'spacer' thus gziving a
finel gel thickness of émm. This appara tus is then made
comipletely airtight using "Hescofilm" (Eanco Chem Ind
Japan) to prevent recrystallisaticn of the urea, anc - left
at room temperature for 24 hours to gain the necessary
mechanical strength, Subsequent isoelectric focusing was

performed as descrited for other IEF gels.

After iscelectric focusing, the gel was placec in 10% TCA,
33% Ethanol tor 30 minutes and washed for 2 x 45 minutes
in 5% TCA 33% Etnanol, after wnich the gel was driec and

stained zs described for other types of IEF gel.
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Application of samples

(a) The way the samples were applied to the gel was
considered to be important. Several procedures were
followed in order to find the most convenient which also

gave a satisfactory focusing pattern.

(i) Samples of serum fram a patient with IgG myeloma
were applied in measured 2al aliquots directly

onto the surface of the gel.

(ii) Measured 2al aliquots of the same myelama serum
were applied to pieces of filter paper (5mm x

2mm) and these placed onto the gel surface.

(iii) Larger pieces of filter paper were soaked with
. L . .
4pl of myeloma serum diluted 4" with physiological

saline.

(iv) Pieces of filter paper of roughly (5mm x 2mm)
were dipped in the serum and applied to the gel surface

with the 5mm side perpendicular to the electrodes.

(b) - The position of the samples on the gel surface was
thought to be of importance. The possibility exists of certain
proteins being denatured if placed in an unsuitable pH
region. Therefore, to test this identical samples were
applied near the anode, in the middle of the gel and

near the cathode.
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The instructions supplied by Pharmacia Fine Chemicals
recomend a mlmmum of 1800-2000 Volthours for satisfactory
focusing of most proteins. This figure, however, may not
be totally reliable for all serum proteins. Consequently,
experiments were performed varying woltages and times to
discover the most convenient conditions which gave satisfactory

focusing.
(a) Differing voltages at constant time

These experiments followed on from the previous section,
in this case the voltage was varied i.e. 100V, 200V for

18 hours,
(b) Stepping up the voltage

Starting at a relatively low voltage of 100V (current
SmA) the voltage was increased gradually to a maximum of
1000V (power P SW). This voltage was continued until the
albumin samples stained with Bramophenol Blue and placed

at opposite sides of the gel (i.e. anode and cathode) met.
(c) Electrode Strips

These are strips of filter paper whicﬁ are soaked in either
0.05MH, SQ4 or 1M NaOH and placed at the anode and cathode
respectively. Their function is to help establish the pH

gradient in the gel. They are of some importance especially
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when immunological identification is required. They must

be soaked in the appropriate solution and blotted almost
dry before they are placed on the gel. Next, a dry piece
of filter paper of the same dimensions i.e. 160mm x 10mm
(the former figure varies according to the length of the
gel), is placed on top of fhe soaked and dried strip to

absorb excess moisture during the run.

(d) Awdeh et al (1968) was the first group to utilise thin layer
gels for isoelectric focusing. Their conditions for
focusing in polyacrylamide gels were repeated using agarose.
The gel was maintained at 0.5W/100cm until the voltage
of 500V was reached. The gel was then focused at this
voltage for 18 hours and then to "sharpen" the bands,

focusing was campleted at a woltage of 1000V for one hour.
Treatment of gels after running

(a) Those parts of a gel which were to be fixed without
any immunological identification could be adequately fixed

in 10% trichloroacetic acid for 20 minutes.

(b) Immunological fixation was achieved by soaking strips
of cellulose acetate membrane (Sepraphore III, Gelman
Sciences) in specific antiserum and placing these on the
surface of the focused gel. The incubation times were
varied to find the optimum at 37°C i.e. 30 minutes, 1 hour,

2 hours, 4 hours.
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The temperature at which this incubation took place might -

be important. Identical gels were therefore incubated at

room temperature (200C) and 37°C for 2 hours.

(c) All gels were washed overnight in 2 x 1 litre changes
(18-24 hours)of 0.85% NaCl. This period could be extended
considerably due to the very strong adhesion of the agarose

gel to the supporting "Gelbond".

L]
It was thought inadvisable to shorten the period as this

may lead to incomplete removal of non-precipitated proteins.

(d) Drying of the gels was accamplised by 2 x 30 minutes
immersion in destain solution (35% EtOH, 10% HAC in H 0).
Three pieces of filter paper were then placed over the
gel. The piece of paper actually in contact with the gel
was soaked in absolute alcohol before being laid onto the
gel. This pramoted even drying of the gel. Care had to
be exercised at this point because if the gel remains under
the filter paper for too long, then the paper "wrinkles"
causing indentations to form in the gel which interfere with
staining and destaining.  After a certain period (2-3
minutes), the filter papers were removed and the gel dried.
This can be done either on the bench or with a lamp shining
onto it, supplying heat. BAgain, great care had to be taken
not to overheat the gel, if the lamp is used to speed the
drying proces;q. Blistering of the gel does irreparable
damage.
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(e) Staining of the gels was achieved using PAGE Blue G90

(BDH Chemicals). This was made up at 0.2% in a solution
containing 35% Ethanol, 10% glacial acetic acid in water.
This solution, without stain, served as a destaining
solution. Adequate staining could be achieved by immersing
the gel in stain for 10-20 minutes. Destaining times were
more variable. Five to ten minutes in two changes of

destain usually gave a clear background.
Salt precipitation of the focused immunoglobulin

Precipitation of the immunoglobulin fraction was achieved
by i;ntmersing the focused gel in 2 x 2 hr 50% saturated
(NH, ), S04 at 4’C or 18% w/v Na, S04 at room temperature.
This was best done using a stirrer base and magnetic stirrer.
After immersion in the salt solution, the gel was then fixed
in 10% TCA and thereafter dried and stained in the same

manner as described previously.
Measurement of pH gradients

PH gradients were measured in all cases using a flat bed
pH electrode (Pye Unicam). This electrode was placed
gently on the surface of the gel and the pH read from a
Pye Unicam PW9418 pH meter. The electrode can be kept
stable using a retort stand and clamp. The clamp need not
be used to grip the electrode, but merely to support it
while the electrode is in contact with the gel. The pH
gradient can be measured either by measuring pH at

intervals along the gel from anode to cathode.
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Alternatively, the position of whole pH units (i.e. 5,

6, 7, etc) can be located on the gel surface and the

distance between these points can be measured.

The optimum procedure for isoelectric focusing of sera

containing monoclonal immunoglobulins.

The following section is a summary of the conditions and
experimental- techniques that were found to be suitable for

the above purpose.

(a) Two lengths of 'Gelbond' (18cm x 12.5cm) were cut with
each length being placed hydrophilic side downwards on a
siliconised glass plate upon which had been placed a 1.5mm
spacer. On top of the 'Gelbond' was then placed a second
glass plate. The plates were then clamped together so that
the hydrophilic 'Gelbond' was separated fram the siliconised
plate by the spacer. This apparatus is shown in Figure 3.

The apparatus is pre-heated to 60°C in an oven before use.
(b) To pour 2 gels at 1.5mm thick:-

0.3g Agarose IEF (Pharmacia Fine Chemicals)
3.6g Sorbitol (BDH Chemicals)
27ml distilled water

1.9ml ampholytes . (Pharmacia Fine Chemicals or LKB)

The sorbitol and agarose were added to the water and this
was heated to boiling by a bunsen burner. The solution

[+
was removed fram the heat and allowed to cool to 70-72 C.
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The ampholines, pre-heated to ~50°C ( $ 70°C) were added

to the agarose solution and mixed well. Then, using a pre-
warmed syringe, 15ml of solution were injected using a 21g
bore needle between the hydrophobic glass plate and the
'Gelbond'. The needle was inserted one third of the way
along the edge of the gel and a steady pressure kept on
the syringe plunger. Air bubbles could be a problem at this
stage; in practice however, only large air bubbles had any
noticeable effect on focuéing (When these occurred, the
apparatus could be cooled down quickly under a cold tap
(keeping the agarose mixture at 60-70°C in the oven), the
'Gelbond' removed and the 'air bubble' filled with agarose
mixture). The gels were left to cool to room temperature
and then stored at 4 € for at least 2 hours, or overnight
at room temperature before use. This delay increased the
mechanical strength of the gel. Storage of this apparatus
was best at 4‘C, a procedure which cut the water loss from
the gel. The gels could be kept at 4°c for up to 1 week

without any appreciable effect on focusing.

(c) Samples were most conveniently applied to the gel
surface via pieces of filter paper (5 x 2mm Whatman No 1)
dipped in neat serum and applied to the anodic end of the

gel, 2am fram the edge.

. One strip of blotting paper of the same length as the gel
was soaked in electrolyte solution i.e. 1M NaOH and 0.05M
H,S0, for the cathode and anode respectively. This was
blotted very thoroughly, until almost dry and laid onto

the edge of the gel. A second dry strip was laid on top
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of the first and kept in position until both were evenly

damp.

(d) The gel was placed on the oooling plate and the
electrodes positioned on the appropriate electrode strip.
The power was turned on and the voltage 1left at 200V

overnight (18-20 hours).

(e) When completed, the whole gel, or part thereof was
. alternatively, o
immersed in 10% TCA in water for 20 minutes ;[ the appropriate
tracks were 'immunofixed' with appropriate specific
antiserum for 2 hours at 37 C. This was achieved by soaking
strips of cellulose acetate membrane in neat antiserum.
(This was best done by maintaining a drop at the end of
a pasteur pipette and running this over the strip to ensure
even wetting then applying a stream of antiserum to the
top of. the strip and letting the excess drain back into
the container). The strip was then laid onto the track,
carefully ensuring that there were no air bubbles trapped
underneath. With the appropriate incubation period

campleted, the membranes were removed and discarded.

(£) The immunofixed gels were washed in 0.85% NaCl
overnight. Then, to dry the gel, it was immersed in 2
changes of destain solution, then compressed under 3 pieces
of filter paper, a glass plate and a lKg weight for Z2-3
minutes. The gel was either left on the bench to dry

completely or dried using a lamp.
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(g) When dried, the gel was stained with 0.2% PAGE Blue

in destain solution for 10-20 minutes, after which the gel
was destained until the background was clear or the bands
discernable. If there was protein sfaining loss as well
as staining loss fraom the background during the destaining
process, then the complete staining and destaining process
could be repeated. Alternatively, the destaining process
could be interrupted and the gel dried before destaining
a second time. This latter procedure éften helped clear

background staining.
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ild Quantitation of monoclonal immuno:zlobul ins oy IEF

Purified monoclonal immunoglobulins were reguired for use
ir quantifying paraproteins in serum of urire. These
could tnen be diluted and used as standards in a

gensitometric analysis,

I5G

Initial purificaticn of'monoqlonal IgG from seruwm was by a
salt precipitation using 50% saturated ammonium sulphate.
1Cml cf serum containing monoclonal IgG were placed in a
pliece of dialysis tubting.and this was placec in 500wl of
50% saturated ammconium sulphate to precipitate the
globulin fraction, This was dore at 4°C overnignt. The
precipitate was removed and wasned twice with 50%
saturated zmwonium sulphate. The resulting precipitate

Wwas then redissolved in a2 wminimum of phosphate buffered

saline (pH 7.2) and dialysed against PBS overnight at 4°

C. Tnis procedure gave a solution which had mininmal
contamination by serum proteins. llext, Igii was removed by
dialysis agairst running tap water and IgA removed by
precipitation with 0.05M Zn3Q. . o These
procedures gave a solution whose major component was
monoclonal I3G. Immunoelectropnoresis snovwed the major
contaminants to be albumin and transferrin. VWhen focused
on a 3-10 gradient these proteins did not contribute to
background staining and further purification was not

deelled necessary. Radial imnunodiffusion showed tne IgG

concentration to be 25.5mg/ul.
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I:4

lhonoclional IgA was extréected from serum from a patient
with IgA myelomatosis. This was achieved using a 4mm
thick isoelec;ric focusing gel; an ammonium sulpnate
precipitate recissolveu in P3S (~1wl) was focused and tne
bends cut frcﬁ the.-gel. Tne agarose wes tnen frozen and
tnawed once to disrupt the agarose structure. Once the
agarose formed a homogeneous block 2wl of PBS were added
anc tne agarose mixed with this, This was then centrifuged
tor 20 minutes at 40,000g, the supernatant removed and
tested by bctn iscelectric focusing and
immunoelectrophoresis and shown to be free of contaminants

frow tne serum. Tne final Igh concentration (measured by

optical density# 260nm) was found to be 9.5 mg/l.

Ign

ilonoclonal 7S IgM at 4.2mg/ il wes a kind pift from Dr Heil
Eichardson, Cambridge. Subsequent batches were produced
from Walcenstrdm's Sera as follcws, Initial purification
was by ammoniua sulphate precipitation to remove :zome cf

1

the serum proteins.

iext, the sample was diealysed against cold running water
to precipitate the Igh. The apparently unselective loss
of protein which is unavoidable by eacn step has the

effect of decreasing tne concentration of cortaminating

serum proteins to a far greazter extent than the wmonoclonal
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immunoglotulin which is often tne prcteir in nighest
concentration in these sera. Tnis meens tnat the sample
left after these two procedures is relatively pure but
separation on Sephadex G200 gave a preparation that was
immuncelectrophoreticallypue.The Igii concentration of the
purified fraction was determined by spectfophotometry to

be 15mg/ml.
Kappa light chains

Free kappa light cnains were purifiec from a 24 nour urine
sample from a patient with IzG Kappa myelcmatecsis with
substantial light chain proteinuria. 2 litres of urine
w-ere diclysed against cold running tap weter for 24 hours
to remove inorganic salts. HNext, solid ammoniumbsulphate
was added to 70% saturation (sat:iration to thié level
would normally precipitate most of tune proteins tnat may
oe present). Tne resulting precipitate was removed by
centrifugation at 1000g fcr 15 winutes, washed in 70%
saturated ammonium sulpate and redissolved in PES. Purity
was testec by iwmmunoelectrcpnoresis and 1isoelectric
focusing. There was significant contzmination by other
proteins , tne wajcr one being elbumin. The sample was
tnen dialysed against 0.01i Sodium Punospnate buffer pH 8.0
and then separated on a DE32 cellulose ion exchange column
according to instructions supplied in the Whnatmnan
Technical Bulletin IEZ2. 20y of dry DEAE (dietnyl
aminoethyl) 32 was stirred into 300ml of 0.5K HCL and left
for 30 minutes after which tne exchanger was washed with
Ggistilled water, until the pH of the solution was 4,
Then, tihe exchanger was stirred into 300wl of 0.5i Hald
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eand left for 30 milnutes, The exchanger was thenwasned in
a tilter funnel until tne effluernt was pH 7. The ion
exchanger was then degassed in a stoppered Bucaner flask,
after which it was‘equilibrated by aliquct buffer
exchanges using 0.5MH socdium phosphate buffer until the
filtrate from the icn exchanger nad the same pH and
conductivity as tne 0.501 puffer. Tne column was tnen
pcured, after removal cof "rines"; and tne starting.buffer,
0.01H sodiuw phosphate buffer, added until the pH and
conductivity of the column effluent is exactly same &s
tne starting obuffer. The sample of semi-purified Bence-
Jcnes protein was added and tne column eluted. Fractions
were collected i an LK3 fraction collector and tested for
optical density (OD) & 260um. All fractions were tested by
immuno-electric focusing and those sanown to contain nigh
concentrations of Kappa Bence-Jcrnes with no contaminants
wWwere then pooled aznd their optical density measured. The
O.D for 'mg/ ml of Kappa Bence-Jdones is 1,40 (;290nm) and
the solution obtained from the pooled fracticn contaired
2.75mg/ ml Kappa Bence-Jones, This sclution was divided

into 0.5ml aliquots and stored at -20°C for future use.
Lambda light cnains

The purification of free lambda light chains from patients
urine did not pose tne seme probtlems as free Kappa light
cnains becsuse the "non ULence-Jones" proteinuria precsent

in thefreelambda lignt cnain urine was very low.
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Consequently, frecipitation of the'urir.e with 509%
saturated ammoniun sulphate gave a solution containing
free lambda light chain, free of contaminants, as judged
by immunoelectrcphoresis and isoelectric focusing. The
concentraticn of free lambda light chains irn the solution

was measured by optical density (§280nm) as 9.2ug/ ml.
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Scanning Densitometry

Scanning densitometry was performed using an LKB

L2202 Ultroscan densitometer. The areas under the

densitometric scans of the paraproteins were plotted
against the concentrationé of the standard paraprotein
preparationé and standard curves constructed for each
paraproﬁéin class. Sera with paraproteins were tested in

duplicate, at two different dilutions alongside the

standards.
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Ile Anti-icictype antiseru: producticn and testin.

ey

It has been shown that it is possible to raise anti-
idioiype antiserum by using immuogenic prctein from at
least two sources. Hougn et al (1976) used F(ab), fragments
stripped from.the surfacé of the neoplastic cells by
papain digestion. Other workers have used Ighk extracted
from tne serum cf a leukaemic patient (Fu et al 1974).
The former wethod requires a large number of cells and as
these were not available, procduction of anti-idiotype by

the latter method was instigated,

Purification of Igi

liimuno-isoelectric focusing of serum from patient 36
(Tatle10) showed tnat the majority of serum Igk was
onoclecnal, so conventional techniques could be employed
to purity it. Serur. was first subjected to precipitation
with 50% ammonium sulphate to prepare a crude gamma
globulin faction. Tne precipitate was redissolved in PBS
pil 7.2 and dialysed against the same. Tne Igi was then

eparated by gel chromatography on Sephadex G-200. Thnis

]

gave a preparation with slight contamination by &2

macroglobulin.,.

The IgM preparation was purified further by prepérative
agarose zonal electrophoresis which separated tne«?2
macroglobulin from the Igﬂ. The I4H was then extracted
frow thé agarose by centrifugaticon at 40,0004 fcr 20

minutes. The resulting supernatant was withdrawn and the
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azarose reconstituted with a minimui vclume of PRS pii 7.2,
Tne process Was repeated and the supernatants cormbiuned
~siving a 855 recovery of Iglk. This preparation was zonal
and immuncelectrophoreticaily pure. 130ug of Igi in 0.5ml
PBS pH 7.2 were mixed with 0.5m1 of Freunds complete
adjuvant and ingecteo intramuscularly into & rabiit on two
occasicns, 4 wzeks apari. Serua from the rabbit was

removed 2 wWeeks after tne second booster injection,

an IgG fraction was prepared from the serum using DEAE
cellulose accoraing tc Hudson &« Hay (1980l 50y of DE 32
was mixed with 225ml 0.01M Sodium phospnate buffer pH &.0.
The wixture was then titrated back to ph 8.0 using IF HC1.
After removal of fines by a process of settlement,
decantation of supernatant and resuspension in sodiunm
phosphate buffer pH 8.0, repeated three times, the
resulting slurry was poured into a Buchner funnel
containing 2 sneets of Whatman No 1 filter paper, and the
cellulose sucked dry for 30 seconds, leaving 2z damp 'cake'

ot cellulose,

.

5 of wet weight cellulcse per 1nl of serum gives
reascnable purity of 965 and & yield of 70% (Hudson « Hay
1580) .,

6l serum were available, so 30g of wet ion exchanger was
added to a wixture of 6wl serum and 16ml distilled water
(added to lower icnic strength) at 4°C, This mixture was
equilibrated by stirring every 10" for 1 hcur. Lf ter
which the slurry was poured onto a Buchner funnel and the
supernatart containing the IgG sucked tnrough. A furtner

10ml of 0.01M sodium pnosphate puffer pH 8.0 were passed
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througn the cellulose. Zonalend immunocelectrophoresis of

this preparation showed very minimal contanination with
of

albumir. Densitometric scanning/the preparaticn showed

that the albumin constituted #5% of the total protein

(5m/ml) .

This crude anti-idictype IgG preparation-was purified
furtner to remove any IgG not directed against the
idiotypic IgM., This was achieved by adsorbing the IgG
witn normal numan serum linked to cyznoger bromide

activated sepharose.

200mg of cyanogen bromide activated sepnarose (Pnarmacia
Fine Chemicels) were washed first with 10Cul of water and
then witn 1C0ml cf torate buffered saline on a scintered
glass funﬁel. The beads were then wasned intc a beaker,
allowed to settle end the supernatant removed. 100mg of
pocoled human serum at 190mg/ ml was added at 4°C., The
pcoled human serum used came from individuzls having
glcoholic cirrhosis with high pclyclonal immunoglobulin
levels (IgG 21mg/ml, IghA Gmg/ni, IgM 9.5ug/ml). The beads
were left stirring with tnis protein wixture overnight at
4°C. The beads were then wasned on a scintered glass
funnel with 200wl of PBS pH 7.2, and the resultant
imriunoadsorbent stored ir PES with 0,025 sodium azide at y°

C, until use.

The immunoadsorbent was poured into a column and

equilibrated with 20ml PBS ph 7.2. 20l of IgG

preparation was run through the column under 1z with the
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unbound protein being washed out with 30ul PBS pH 7.2.
A1l washings frohi the coluimn wWere retaincd and
concentrated using dialysis tubing surrourded by
poclyethylene glyccl. Tne resulting 5Sunl of putative anti-
idictypic 1gG hed to be returned to a physiolcgically
inert buffer. This was achieved by passing the
concentrated 16 preparation througn a Sepnadex G25 column
equilioborated witn P35S pli 7.2 and collecting the protein
after the void volume, determined previously using 1ml of
blue dextran (1%5w/v) sclution,had passed through. The IgG
unbound by CnBr activated sepharose was obtained in a
final volume of 7.5ml, The protein concentration of this
sample, measure by optical density (4260nm) was 2mg/ml.
Immunoelectrophoresis snowed no contauination with serum
proteins, The IgG was then aliquoted irto 100kl samples

and stored at -20°C until use.

This antiserum now had to be tested for anti-idiotype
activity and specificity. Activity ageinst autclogous CLL
lymphocyfes was tested against previously tfrozen cells and

tnen on a fresn preparaztion of lympnocytes.

Frozen cells were prepared as follcws., dml of heparnised
blood was spun at 200g for 30' over a density gradient of
Ficol/Triosil (12ml)(sp gr 1.08) and the buffy layer
removeds This wag washecd twice with RPHMI and peniqiliin
(Gibco-Biocult) and streptomycin (Gibco-E;ocultL
resuspended in 2wl neat foetal calf serum (Gibco-Biocult)
at 5 x 10°/ml. 2ml of 20% DHSO (dimethylsulphoxide) in
RPMI were added. Tnis was aliquoted very quickly intc 200
#l vatches and placed at -70°C overnight, after which they
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were stored in liquid fi,. VWhen required, the cells were
tnawed Dy placing the container in‘waCer at 50°C_until a
stwall lump of dice was left, after which.the cell
suspensicn was diluted witn & large excess ct RPHI anc
pencillin and streptomycin and then washed twice in the

ceme sclution.

Fresn cells viere prepared by layering 6ml of heparinised
tlocd over 12wl Ficcll/Tricsil sp.sr.1.08, removing the
Buffy layer and washing the cells twice with PES i 7.2 +

0.02% sodium azide.

Activity of the anti-idiotype was tested firstly by the
detection of fluorescein labelled sheep enti-racbit IgG

which was used as a second antitcody as follows.

Autologous CLL cells were incubated fcor 1 nour at 37°C in
RPFI and pencillin and streptomycin to renove cytOph“k

immunoglobulin and then pelleted by centrifugation, washed
twice in cold PBS and 2541 of M"anti-idiotype" antiserun
a dded. This cell suspension was left at 0°c for 30
minutes to prevent capping of the surface immunoglobulin
af ter whicn the cells were washed twice with PBS pH 7.2 +
0.01% sodium azide ‘at 4° C.2541 of diluted sheep anti
rabbit conjugated to fluoresein isotniocyanate (Cappell
Ltd) was added to the cells. This was left at 0°C fer 20°,
after wnich the cells were washec twice with PBS phH 7.2 +
azide at 4°c, Cytopreps of the cells were made on a
Snandon 111271 cytocentrifuge. The resulting cyLtopregs
Wwere fixed in methanol for 5 minutes at room temperature

af ter wnicu they were mounted in PBS/glycercl and exzmined



86

tcr surface immunoglobulir fluoresence using a Lietz UV

wicroscope with UV light at 480nmn.

Specificity of the anti-idiotype was tested by using the

antlserum to try to stair the surface immunoglobulin of

normal lymphocytes from a variety of sources, and other
. ’ .

iymbhocytes. The flucrescein conjugated antiseruis was spun
[ ]
at 6,000, tor 10 minutes to remove aggregates and then
used as a second antibody at £ &, ¥,, %, %, in the above
described way., Fluoresence was evident at %, uminimal at
and nct at all atfz/o.(However, use of tne antibody at i{‘,on
autologous CLL cells showed strong staining). Therefore,
a total of & different sources of normal lymphocytes and 6
sources of CLL cells were tested in tnhis way. On eacn
occasion, tne normal lymphocytes were tested in parallel
Wwith autologous CLL cells as a positive control. An
additional control used was ncriial rabbit serum wnich was
used as a first antibody before the addition of
ifluorescein conjugated sneep anti-ravcit IgG fluorescein

conjugated sheep anti-rabbit IzG to the patients CLL

lymphocytes.

When these cells (i.e. 6 normals, 6 CLLs) and normal
rabbit serum were testecd alcngside cells from patient
36,fluoresence was visible only on the surface of the

autclogous cells (Figure u4).

Idiotypic identity has been reported between the seruu
paraprotein, tne surface Ig and intracellular Ig on &

nusiber of occasions (Stevenson et al 19¢0; Fu et al 1979).
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The idiotypic identity of patient 36's lynphocyte
intracellular.immunoglobulin Was tTested using the 'anti-
idictype' 1in parallel with the normal controls.
Intracellular immunoglobulin was stained using the
following procedure. 8ml of heparinised blcod spun over
Ficol/Triosil density grauient (sp.or 1.06). Tane Buffy
layer was rewoved and the cells washed twice with P23 ph

Te2 + sodium szide., Cytcpreps were prepared at 400,000

[}

cells/slide. Tne cells were tnen fixed 1ir
Etnanol:hcetic Acid (95/5%) wixture fcr 30' at -2GC°C to
disrupt the cell rnembranes. Tne cells were then washed
tnorougnly with PES pH 7.2 + azide and then incubated with
anti-idiotype for 20' at 0°C. The cells were then washed
thoroughly and incubated withh sheep enti-raboit IgG
(fluorsceir conjugated) at a dilution of %; for 20 mins
after wnich the cells were wasned thorougnly witn PBS pH
7.2 + s0diuim azide. The cells were tnen mounted and
examined for tluoresence under UV light as described

previously.

The anti-idiotype antibody was alsc used to test
specificity in otner ways. An Qucinterlony double
diffusion was set up witn the anti-idiotype antitody inthe
central well, surrounded by a total of 8 sera from CLL
patients, oﬁe of which was autclogous serun frou patient'

356 (Table 10).

Two aliquots of zutologous serun were depleted of Igil and
I.,D separately and tested using the anti-idiotype entidody
@s zn overlay in immuno-isoelectric focusirg. Tnis

depletion was achieved using affinity curomatography as
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described earlier using cyanogen bromide activated
sepnarose (Pnermacia Fine Chemiczals) linked to enti-Igii (B
cenrirgher) and anti-Ig D (Scottisn Antibocy Production

Unit).

IIf Sucrose Density Crzdient Centrifugation

After detection of paraproteinaemia in a prcportion cf CLL
cases, ;t was considered inportant to distirguish between
198 Igh which is secretory Igi, and the swmailer subunit of
Igii wanich may be present either due to nembrane turnover
or .secretion, In adcition, the size of Igli molecule
detectable in serum mey give information on tne nature of

tne tumour,

One metnod of determining this is to separete vwhnole serum
on a2 density gradient wnicn separates proteins according
to molecular weight. Sucrcse aensity gradients have been
employed widely in tnis context in the past, and.it was
considered that the use of this technique would provide

the required information.

£ linear sucrcse density zradient was constructed usirg 2

. . . . . N ) . el -
solutions of different sucrose concentrations 1.€. % and

30% sucrose in 0.3i ilaCL.. Stock solutions were made up as

follows
Sucrose NaCl Tris/HCL 2.5M, pH o
5% 58 sciid to 0.3M Tml
30% 30g solid to C.3i Tnl



Suc Rosg

2%  30%

peristaltic
pump / fine bccl)Ire
\ ' C,) ' /nee e
magnetic
stirrer / \-)
polyallomer
tube

Figure 4 Apparatus used to construct
sucrose density gradients
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bothi solutions were made up to 100nl with distillied water.

Linear density gradients were formed using a perspex
gracient former (Figure 4), 2.6l of each sucrose
csciution were added to tne columns as snown in Figure U
and a peristaltic pump (Watson ¢ Marlcew Ltd HR‘flow
irducer) set to pump at 0.5ul/uwinute., Tane sucrose
gradient soluticn was pumped via 2z fine bore ngedle
directly intc a polyallomer centrifuge tube and the
resulting gradient left at 4°C overnight in a

ul tracentrifuge bucket.

_200/4 of sample (i.e., serum) were added, with care, to the
top of tne gradient at 4°C, and tne gradiert spun at
60,000 rpm for 4 hours at 4°C on a Beckman L2-65
ultracentrifuge with an SW65 rotcr head, after which 180kl
fractions were taken using the above peristaltic pump.
Protein corntent of the factions was estimated by optical
density on 2 Pye Unicam SP1800 Ultraviolet
Spectrophotometer at 280nm. Fractions were then dialysec
agairst PES pH 7.2 fcr analysis by immuno-isoelectric

focusing.
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RESULTS

IIla Optimisation of 1Iscelectric focuzsing technique

IIIa(i) Gel Assembly

[¢H]

ctric focusing of

[}

In ordef te ﬁest the effect ¢cn isoe
monoclonal iuwmunoglobulins under ditfering conditions,
sera containing IgG, Igd and Igii pareproteins were focused
in gels in wnich <¢ne agarose, sorbitol and ampholytes
concentraticns were vearied,

Agarose

Figure 5a shows the effect on focusing of usirg 0.5%

agarose as a support mediuii.

Focusing is, in all cases, satisfactory with a clear
iticroclonal pattern evident in all iumunoglobulin classé&
The major drawback with using this low concentration of
zagarose is that the gel remains very soft anc its
mechanical strength was very low compaked with 1% agarose
(Figure 8c¢). It was considered impractical to use this
agarose concentration in a routine situation because of

this factor.

Figure 50 shows the effect on focusing of using 2b

Agarose as a support mediun.

Once again focusing is, for the most part, satisfactery.
The IyA and Igi paraproteins, altnousa snowing a

mwicrcclonal hetereogeneity, do not snow tne same clarity
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Figure 5 Effect on IEF of varying agarose
concentration s

Sera were foe:used and fi3ed in TCA

a 05 % agarose
Tracks 1-4 sera containing monoclonal IgG,A,
M and normal human serum
applied at anoclJe
Trac:ks 5-8 ser as in Tracks 1-4 : applied
in mid-gel
Tracks 9-12 sera as in Tracks 1-4: applied
at cathode
b 2,0% agarose
Tracks as in Figure Sa
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as tnat seen when 1% &agarcse is used under 4the same

concitions (Figure &8c).

Sorbitol

Figure 6 shows the effect c¢f varying the concentration of

sorbitcl in the final gel nixture trom 0-204.
.

Part (a) shows isocelectic fOCusing in 1% agarose, 2%
ampnolytes but Wwithout the addition of sorvitol. It is
clear that this is unsatisfactory. There 1s gross
distortion of the proteins with banding of the
paraproteins being present in only a few cases, notably
IgG in tracks 1 and 5 and Iyl in tracks 3 and 7. A11
paraproteins fail tc focus prcperly when run from the
cathode. The IgA pearaprctein snows little evidence cof
banding regardless of its origiral position., Figure 8c
shows identical seamples with focusing perfcriied witn tne
addition of 12% sobitcl., Focusing is complete at this
concertration with the possible exception orf the IgG and
IgA fromn the catnode (tracks 9 and 10); these paraproteins
showing a certain lack of clarity. It is also notable that

the pd gradient is stable and snows wiinimal distcrticn.

Figure 6b shows the samples focuseu in the presence of 20%
sorbi tol, Focusing is satisfactory in some cases, notably
the I.G frow <ne anode (track 4). All three paraproteins
originating from the anode show some signs of banding.
This is alsc true, but to a much lesser extent wnen the
samples are situated in the middie of the el (tracks 0,

7, 8). Tne szmples focused from the cathode are, in all
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Figure 6 Effect on 1EF of varying sorbitol
concenlrations

Sera were focused and fixed in TCA

a 0% Sorbitol

Tracks 1-4 sera containing monoclonal
IgG,A,M and normal human serum
apfijlied at arode

Tracks 5-8 sera as in tracks 1-4
applied in mid-gel

Tracks 9-12 sera as in tracks 1-4
applied at cathode

b 20% Sorbitol : Tracks as in Figure 6a
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cases, unsatisfactory with little evidence of banding in
any class. Focuéiné in 20% sorovitol at 200V for 18 hcocurs
does not appear tc have been conpleted as there zre
similerities between this gel and the zel focuzsed witn 12%

sorcitcl at 1COV for 16 hours (Figure o).

Amphclyte

Figure 7 shows the results of varying the ampholyte
concerntration in the isocelectric focusing gels. Gels Were
made up with 1% agarose and 12% sorbitcl and the amphclyte

concentrations varied between 0.5%, 2% and 3% v/v.

Part (g) of Figure 7 shows the 0.5% zmgholyte experiment.
It is clear tnat tutinis concentration does not give
satisfactory focusing of the monoclonal immuoglobulins
present in the sera. This is true fcr all pcints of
eapplicaticn on the _el. Tracks 1-4 snow IgG, IgA and Igh
pareprcteins focused zlongside a ncrmal human serum which
have all been applied near the ancde. Focusing is only
visitle to satisfactory standards in the case cf Igihi where
clear bancding of the monomeric Igh is visitle (track 3).
The only other immunoglobulin protein which shows signs of
focusing is the light chain band from the IgA serum, and
to a very iimited extent, the IgG paraprotein. In the
case of the samples applied ir the middle of the gel, Igii

was the only paraprctein to show satisfactory banding.

lith samples applied near the cathodg again cnly tne Igh
shows banding, witn the Igh serum light chain being

visiole only feintly.
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Effect on IEF of varying ampholyte
concentrati ons

Sera were focused and fixed in TCA

a 0.5% ampholyte
Tracks l-4:sera containing monoclonal
IgG,A,M and normal human serum,
applied at anode
Tracks 5-8: sera as in Tracks 1-4,
applied in mid-gel
Tracks 9-12;sera as in Tracks 1-4,
applied at cathode

b 3.0% ampholyte
Tracks as in Figure 7a
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Figure dc shows the results frem the same sera focused
under ldentical ccnditions with %% w/v aimpholyte.
Focusirg of 2all serum paraprcteins is visible under these
conditions, although the Igt focused from near the cathode
(trecik 9) tLas ndt fececused as Wwell as those samples focused
frou. tne anode (track 1) and tne widdle (track §). Igh
too is lecking in resoluticn wien focused from the

cathode.

Figure Tb represents focusing using 3% w/v ampholytes.
Focusing from the anode is satisfactcry in all cases with
bands clearly visivcle. The otner sites of cpplication do
not however give similer results. IgG does not show clear
evidence of banding when focused frouthe cathode (track 9)
or tne widdle of the gels (track §). Igh shows some
evidence of banding from the middle (track 6) and shcws
simply as a 'streak' wnen focusec fromthne catnodic end
(track 10). IgM shows evidence of streaking in the "micdle"
tracxk although bahding is visible (track 7). Ko banding of
Iglt is visible for Igil in track 11 focused from the

cathode.

These experiments showed then that for all three clesses
of immunoglobulin tested 2% ampnolyte gave tne nmnost
satisfactory focusing. Al though other amphplyte
cericentrations give focusing for soume of the classes, 2

w/Vv ampholytes woulc appear from these experiments to be

the cptimun,
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III1 a (ii) Ruaning Conditicns

Differing Vol tages

Figure 8 shows the effect of varying the voltage and

keeping the time constant.

Part t shows three sera conteining monoclonal IgG, IgA and
I.l and @ normadl nuiien seruw focused witn 125 sorkitol, 2%
W/v ampholyte and 1% agerose and at 100V constznt voltage

for 16 nour s.

It is evident from part b that focusirg is incomplete for
I4G regardless cf tne point of application,altnough the
ancdic sample shows signs of focusing. The IgG from the
niddle of the gel as well as that frci. tae cathode end
have not focused properly. Igh has focused
unsatisfactecrily froww all 3 zpplication points. IgM hes
focused when applied at the anode, and to az lesser extent

froi. the midcle, but nct at all frcwm tne cathode.

The evidence fromthe Igli focusing patterns make the icdea
taat dinsufficient volthours have ©wveen delivered
compelling, Where the Iyl has a short aistance to travel,
it nas focused well (track 3) but with increasing
distances (tracks 7 and 11) to travel, the focusing

becomes progressively less clear.

Figure 8c shows icentical samples fccused under the same
conditions except thnat the voltage was kept constant at

200V fer 16 nours.
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Figure & Effect on 1EF of varying voltage
Sera were focused and fixed in TCA

a Stepping up voltage
100V,20mins;200V,20mins;500V,30mins;
800V,60mins;1200V,90mins
Tracks 1-4:: normal human serum, sera
containing monoclonal IgM A, G;
applied at anode
Tracks 5-8: sera as in Tracks 1-4
applied in mid-gel
Tracks 9-12:sera as in Tracks 1-4
applied at cattiode

b 100V for 18 hours

Tracks 1-4: sera containing monoclonal
IgG,A,M,normal human serum;
applied at anode

Tracks 5-8: sera as in Tracks 1-4
applied in mid-gel

Tracks 9-12:sera as in Tracks 1-4
app lieldd at cathode

¢ 200V for 18hours
Tracks as in Figure 8b

d 500V for IShours + 1000V for 1 hour
Tracks as in Figure 9b
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Focusing is better from all zreas of application and for

2]

a1l classes., Optimum position far tnis voltage nowever
would appear to ve applicaticn at the anode. There is a
lack of resoclution in the Igh widdle applicaticon track 6
and some streaking of the Igil sample in treck 7. The IgG

ir track 9 nas not focused as well as that in track 1.

Williémson (197¢8) récommended runnir, conditions'of =&
niaximum watltage of 0.,5W/100cm with voltage increasing to
500V. On attairing this voltage, the el was run
overnignt and then "boosted" wusing 1000V for 1 hour
(Figure 8. The gel had dried almost completely in sone
parts and the focusing was unsatisfactory under these
condi tions. The IgG from the ancde snhows distortion
al thougnh the same samples applied in tne middle of the gel
and from the cathode show acceptable resolution. The IgA
paraprctein shows no sign of banding irrespective of place
of application., Similerly, the reducec Igd paraprotein
snows no tanding, irrespective of place of application.
ot only 1s the resclution unacceptable under these
conuitions but tnere zlso appears to be "opencing" of the

tracks, particularly near tne cathoce.

The most probable explanation for this is excess liquid
collecting at the catﬁode electrode strips, thus causing a

cnange in tne snape of the electrode.

Overall, both unsatisfactory recsolution and focusing can
be attributed to overneating of the gel caused by nigh
voltagze over a protracted periods Tne experimnent was

repeated in a ‘humia atmosphere (conciticns not required
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whnen 200V tor 1€ hoursisused) with similar results, thus

ruling cut siumple water loss fromtne gel curing

Figure 6a shows the effect on IEF cf sera with the
delivery c¢f 2000 veclt nours over a short time as
recomnnended by Pnarmacia. Tracks 1-4; 5-8 and 9-12
corresponc tc ncrumal human serun; mcnoclonal IgM seruu,
monoclonal IgA serum and monoclonal I G serum in each
group of four sera. The siwmilerities belween this figure
and Figure 8b especially with regard to the IgG
peraprcteins position (tracks &, 9, 13) anc the Igh
cathodal application (track 10) are evident. As with 100V
for 16 hours, insufficient volthcurs would appear to have

teen applied in this case.
The main conclusicn from these experiments is that 200V

appears to give optimal focusing combined with convenience

(Figure 3c).

IIla (iii) Application of samples

Method of application

Figure 9 tracks 2-5 show an icdentical serum containing
monoclonal IgG applied in four different.ways. (See
Legend)., Focusing of the monqclénal I;G iz satisfactory
regardless of tne wethod of application. Hdowever, a
different paraprotein in track 1, &lthough focusing irnto

banas nas a slightly odd shape with a gap ic cvident 1n

tne middle of the banding pattern. The width <f tne

filter paper used te apply tne sample is tne wost likely
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Figure 9 Comparison of different methods of applying
samples

Sera containing monoclonal IgG were applied
in different ways and fixed in TCA

Track 1 narrow filter paper dipped in serum(Zm¥)
2 wide filter paper dipped in serum
3 2 /. aliquot <neat serum) onto
filter paper
4 2 /ul aliquot drop on gel
5 wide filter paper + 4 ul aliquot
serum diluted 1/2 with 0.85% NaCl
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reason for this. It is tnis widta that detertiines the
final widtn cof tne track at higner ph and because the
paraprotein concentration is so nigh the paraprotein is
forcec tec focus tec the left and right of tne track leaving
& slight gap in the middle. This gap 1s not noticeable on
tne otner tfacks as the effective suuple track width is
ireater in ail cf then. The Lest illustration of the
micro=-neterogenelty of tnie monocionel I,LG0 1s snown on
track 5 with wide application paper and larger aliquot of
dilute seruri., Althougn this would bte the metnod of choice
for displeying the spectrotjpes and for sligntly better
resolution c¢f tne cther serun prcteins in practice it is
more convenient to use method 1 as 1t is quicker and
easier than the otners. Track & probedly represents as
such liquid sample that can be applied to the gel if there

are nore than about 12 samples.

Liquic samples tendto spread over the gel, thus

restricting the numbers of samples per gel.

Pizace of application

In many of the experiments carried cut in varying the
concditions for iscelectric focusing, the samples applied
to the gel were applied in three places 1.e. near the
anode, in the middle of the zel and near tne catnode.
With regard to application rear the cathode, wuch depends
on tne other vuriables invoived and tae immupoglobulin
class under consideration. HMonoclonal I.G fcr exauiple

+

does nct focus satisfactorily under any of tne ccncitions

When placed near the cathode. A similar situstion exists
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]

witn IgA although when 200V constant voltage is applied
(Figure dc), the catncedal application c¢f the wcenoclonal

ighA paraprotein does snow some signs of banding, Tne Igii

paraproteln is the only one wnicn shows signs of focusing

]

atisfactorily from a cathodal application. This achieved

o]
ol
b

y af ter reduction cf the Izgi to.its ionocmeric state.
200V constant voltage (Figure Sc) and the saort run 2t
nign voltage (Figure 6a) were tne only two cenditions
which allowed focusing of tne monoweric Igid., Tne cthers,

&l though evidence of banding is present in some are not

satisfactory.

Epplication of the samples in the middle of the gel is
el so unseatisfactory in meny respects. Focusing of the
paraproteins are once agair dependant upon the other
prevaliling conditions. 20C volts constant voltage (Figure
6c) shows satisfmctory focusing of the Iy G as does the 500V

fcr 10 hours run (Figure o0d). Vnen appliecd in the midcle

D]

of tne gel, 100V constant vcltage 1is unsatisfactory
(Figure 80) Qith little resoluticn of tne speéctrotype. &
similar situation exists with the short run at highn
voltage (Figure 6a)., The IghA pzraproteir snows signs of
tending ir Figures €c and 8a. Tne others are

tunsatisfactory.

Igli focuses satisfactorily when applied to the middle of

the gel in all vcltagze conditions except the 500V

cvernight run (Figure &d).

Cne of the disadvantages incurred in applying samples 1in

the middle of the gel is the artefactual patterns causecd
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by tne tilter paper applications e.z. Figure &c 20CV
constant voltage. (which carn, on cccasion interfere with
tne antibody overlezys required for immunclogical

identificaticn as well as causing artefacts to appear on

TCia fixation,)

Focusing of monoclonal IiG, Igd and Lgii when applied at
tne anode is satisfectory wnen 200V overnignt is applied.
This is the only voltage at which all taree paraprotein
types focus well, 100V constant volta;e does not deliver
enough volthours when the samples are applied near the
anode, Severe distortion of the perapgrotein traces is
evident in tne ancdal espplicaton of the samples followed
by 500V constant voltage (Figure 8d) with none of the

clzsses snowing satisfactory focusirg.

The results of this section show that zncdal applicaton of
serum samples containing monoclonzgl immunoglobul ins
acnieve the best results. This finding is in agreement
with Williamson (16738) out at vazriznce with Rosen et al
(1679) who recoumended cathodel application of semples.
The leatter group were using purified proteins and not
serun samples, a factor wnich wmay have scme beering on thne

ability of 2 protein to reach its isoelectric poirt under

various conciticns.
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itajor Artefacts

Figure 1Ca shows the effect of excess condensation during

the focusing run.

Track_1 snows a serum with an IgG paraprotein, track 2 a
normal human seruw and track 3 seruin containing an
paraprotei; after TCA fixation. Altnouyn the bvands are
cleariy visible in tracks 1 and 3, obviously this
situation 1is wunsatisfactory if irnrunological
identiticeaticn 1is reqguired. pefore fixation of any kind,
the proteins are invisibtle, therefore it is assumed that
the proteins are focused in a straignt line and the
membranes soaked in specific antiserum are zppliedin a
straight line. It is clear tnat the immuncfixatiocn would

not nave been possible if these tracks had been overlezic.

The phenrcmenon is caused by excess water collecting along
the left hand edge of the el so causirg the anode to take
on an effe;tively-L-shaped.form and it is tnis wnich
causes the distorticn visitle in the tnree tracks. The
femedy for this is described wore fully in liateriels and
lHethods and involves the use of two pieces of filte} paper

as electrode strips for both tne cathnode and anode.

Repeated freeze-tha&ing of clinicel samples 1s best
avoided. Figure 10b shows the éffect on tne isoelectric
focusing pattern of freeze-thawing a normal humean serun
for a number of times i.e. 0, 2, 5, 10 and 20 times. he
serum wWhen focused without being frozen stiows no

Gqualititative abnormelity (track 1). Tne effect of
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Figure 10 F'ossib3e artefactb seen on IFF of sei'-iim
samples

Ser-a were foc:i..ised and fixec3 in 1'CA

a Edge effect
Track 1 serum containing monoclonal IgG
2 normal human serum
3 serum containing monoclonal IgA
b Free:':e/Thaw episodes on normal serum
Tracks /-4 s freeze/thaw5,10, .15,20times
5 I fresh serum
c Freeze/Thaw episodes onmonoclonal iIgG

Trackii at in f‘igure 10b



101

nuiiercus treeze-tnaw episodes seems in fact to nave nag
licttle erfect on the focusing patterns, Taere is no
Glscernable difference ir. the serum which nad been frczen
andc thawed 20 times compared to that of fresh unfrozern

STrull.

Figure 10c shows tne effect of & similar rumber of
't'reeze-tnaw' epiczodes on a gserul conteining rnicnoclonal
IgG bands. Again, there is no discernable difference in
thie number cf bands visible after repeated 'freeze-tnaw'

episodes,

III a (iv) Post-Run Treatment

Itmmuncfixaticn

This is obviously one of the most iwmpocrtant parts of the
technique in its application to locating and correctly
identifying monoclcnal imnmunoglopul ins. As stated
previously, the ebility of isoelectric focusing withcut an
immunological identification stage to identify monoclonal
itmunoglobulins is sometimes limiteds It is therefore
essential that conditicns for immunofixation zre
optiuised.

'Figure 11a shows the effect of varying temperature on

iwmunofixation of monoclonal IgGe The tracks were focused

-

and overlaid with anti-IgG for 2 hcurs at room temperature
and at 37 C. All ccncitions show cancing. Witn regard to
tne effect of incubation time on immuncfixation, regsults

fcr tnis are shown in Figure 11a. Althougn banding is
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E ffect
time on

Sera were focused

anti serum as

a Monoclonal IgG

b MonDClonal IgA,
>M,D

and overlaid with
indicated below

Tracks
Track; 6:120mins at

Tracks

of Temperature and Incubation
i mmunofi>=ation

specific

1-5:30,60,120,240,
360 mins at 37 C
20 C

14 IgD:30,60, 120
240 mins at 37 C
Tracks 5-3 IgM: as tracks
14
Tracks 9-12 IgA: as tracks

1-4
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visible ir all four cases, the most convircirn:

are those seen after 120 ana 240 winutes at 37 C.

It is not as important to be able to detect monoclcnal IgG
vy lmmunc-iscelectric focusing as it 1s for the remaining
clases altnhough IEF 13 required fcr identification.
lrnnese ctners are oftep obscured oy tne cther serun
proteiﬂs, 50 another identification step 1is

essential.,,Figure 11b shows theetfect of varying time of

incubation cn Iga, Igl and Igl pareproteins.

All tanree classes show satisfactory inwmuncfixation after
all cf the tested time intervals at 37°C. The appearance
of a clear bandaing pattern without any 'antigen excess' is
more a function of tne concentration ¢f the parzaprotein
preseht in the sample compareu tc the antibody
concentration than simply the length of time allowed for
incupatiocn. In the case cf Igl, for example, a clear
teanding pattern, free of antigen excess, will only bvecome
clear if the peraprotein concentration is wade lower, and
rot if incubation time is varied. Therefore, if z clear
banding pattern is required, anrd this 1is not always
necessary in routine work, then tne correct antigen to
arntibody ratio nas to be optimised for eacn individual

case,
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Selt precipitation

incther method of visualisiry focused proteins is to take
advantage of the fact tnat iumunoglobulins are insoluble
. — e . N . . o

1r. 50% saturated ammcnium sulphate solution at 4 C; or an

18% sodium sulpnate solution at rocu temperature.

Af ter focusing; tne pels are immersed irn either of the two
solutions outlined above. The results of this immersion
can be seen on Figure 12 in which paragroteins of various
classes were tested and compared Wwith cnemical fixation

using TCA.

It is immediately apparent that there is a loss in
background stainring associated witn salt precipitation.
In addition to tnis however, there is a noticeatbtle loss in
sensitivity using both salt precipitation methods compared
with TCA fixation., This is apparent for example in the
case cf tne IgD paraprotein (tracks 6, 13, 20). Track ©
(TCA fixed) snows very clear bandirg of the Igh along with
wnat 1s probably free 1ight chain, Comparison of this with
tracks 13 ((HgSC) and 20 (iig,50,) show that the bands are
nmuch wezgker. It seems highly likely frou this‘that a
concentration would be reached at which the salt
precipitation step failed to show a clear banding pattern
but which would be detectable if the proteins were fixed
in TCA =zlone. The ctner paraproteins are similarly

<

affected by alt precipitation. So, altnough salt

O]

precipitation nas the advantage of reuoving a great deal
of the non-immunoglobulin proteins, thus wmaxing

immunoglobulin paraprcteins wicre easily lidentifiatle, the
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Figure 1lle Effect of sall procipitation on the
detection ¢ f monocloiial immunoglobulins

Sera were focused and the gels treated ‘as:
indicated below

Tracks 1,7 ,8, 15: Setra containing monoclonal IgG

Trac¥%s 2 ,3,9, 10,16,17: Sera containing monlclonal
IgA after 2-ME

Tracks 4,5,11,12,18,19: Sera olOntainingmon ticlonal
IgM aft @ 2-ME

Tracks 6,13 ,20: Sera containing monoclonalIgD

TracKs 14 ,21 = Normal fuman S€rum

Tracks 1-7 TCA fixed

TI-acks 8-14: Waslied in 50% saturated ammOOnilim
sulphate

Tracks 15-21:Washed in 18% w/v sodium sulphate
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cnly practice use for salt gprecipitation after
iscelectric focusing would be it tne paraprotein
concentration was already fasirly high and cbscured by

otner serunm proteirns.

III & (v) Iscelectric focusing of native Igii

These experiments were set up to ciscecver if conditions
existed which would allow rionoclcnal I.ll in serum to focus
witnout reducing tne pentameric 199 Igh to its 83
monomers.,. Tne difficultiesoffocusing Igii in its 16GS
ferm nas tended to rule out the use of iscelectric
focusing cf serun althohgh repcrts such as that of Rosen
et al (1679) purport to have achieved satisfactory
focusing of purified native human Igii. Sera containing
micnoclonal Igii were focused in agarvse with and without
reducticn by 2HE (Figure 13a) and, in contrast, tc Rosen's

findings nc evidence of banding was evident in the
unreduced form, Samples applied to the anode (track§ 1,
5) prior tc focusing snowed a stron, tendency to streak
and precipitate out of the gel. Samgles abplied from the

use zone at relatively

Ly}

cathode (tracks 2, 6) formed a dirf
higher pI to that of the samples applied near the anode,
but without visible signs of the "wicroclonal" pattern
reported by Rosen et al (1979%). The reduéed Igii was
focused again f{om both anode and cathode and in the two

cases studied a clear banding pattern emerged

from both directions.

Tnis clear cisparity between the rejions of the gel 1in
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ILF patterns of reduced and unreduced IgM in
agarose

Sera were focused from opposite ends of the
ge]l and fixed in TCA

a 200V for 18 hours

Trac s
Trac ks
Tracks

Tracks
Tracks

1 4 : Il gM serum ; 1,2 “unreduced ;3 ,4 reduced
5-8 x 1 IgMserum ; 5,6 unreduced ;7,8 reduced
9-12: 1 normal human serum

1,3,5,7 were run from the anc)de

2,4,6,8 were run from the cathode

b 200V for 72 hours

Traclks

as 1lri Figure 13a

%

12
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wnicn reduced anc unreduced Igil were found grcmpted the
thought thnat tne experiment nad not run to completicn i.e.
not encugh volthburs had teen delivered tc zllow the Igi
applied near tne catnode to equilibrate. flence, a sinilar
experiment was set up to tnat seen in Figure 13a Figure
13b shows a sel subjected to 200V constant voltage for 72
hours- (14,400 vclthours). A very similar result was
obtained showing Ehe same diffuse staining at nigh pl in
the tracks focusec¢ fromthe cathode region. Again,
streaking and precipitation of the Igii was evident in the
tracks focused from the ancde. The reduced Igii focused in
a similar position, althougil in soume cases there was
e¢vidence of diffusion (e.g. tracks 4 and 38) indicating

thiat too many voltnours had been delivered.

These two experiments indicate that focusing, whicn snows
clear evidence of banding, is not possible using tnis

agzarose system.

In an attempt to determine whetner precipitation was the
socle cause of the tailure of tne Igii to focus, an
experiment was designed which incorporated 6!l urea intc an
agarose I1EF gel., Figure 14a snows tne resultcs éf tiuis
experiment, Trac«xs 11 and 12 snow a ncecrmal human serumn

£

focusea from both ends of tihe gel and tracks 1-10 show

1=

5Igli sera focused in the same manner. There was no,
convincing evidence of banding in tracks 1-10 which was
not present in tine normal serum (tracks 11 and 12) with
the same diffuse non-banded pattern seen ir tne previous
€Experiments, It is noticeable however that fccusing of

tne Igl frowm both directions i.e. anode anc cathoce
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Figure 14 1EF patterns o0f unreduced IgM in urea gels

Sera were focused from opposite ends of the
gel and fixed in TcCA

cgontaining IgM paraproteins focused frofff anode
and catliode respec;tivelv
Tracks 11,12 : normal human serum
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epplications, results in the 198 wolecule focusing at the
seme ple Trnis is in contrast witn the agarose/scrbitol
system which resulted in a significant cifference irn
apparent isoelectric points, even zfter a very large nuaber

¢f volthours had been cdelivered.

lowever, the fact tnat 198 Lo did not fccus intoe &
clearly defined banding patfern yet reacnec eguilicriun
from botn sides of the gel in Lne agarose/urea systenm
suggests tnat there zre still problewms with precipitation

ct the Igh as it nears its isocelectric fpcint.
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III a (V) contirued

The additicn of.8M urea and 0.,2% Nonidet NP40O to
agarose IEF gels tc improve focusing conditions for 19S
IgM proved to be unsuccessful., In practice, it proved very
difficult to meintain the urea in solution. The humidity
in the IEF chamber could nét be kept at a sufficientiy
high level to stop the urea crystallising., Consequently,
fixation of the gel by TCA showed 1ittle evidence of

focusing.
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IITI b Studies on a selected population greater than

45 years old.

Table 1 shows the results of immuno-isoelectric
focusing on serum from 200 individuals over the age of 45
years and without documented history of B cell neoplasm.
.Of the 200 individuals studied, 22 had clear evidence of
serum monoclonal paraproteihaemia as evidenced'by the
occurence of a monoclonal spectrotype on IIEF. This is
illustrated in Figure 1%a which shows four sera ,focused
and overlaid with specific antisera. The serum of patient
1 contained both monoclonal IgA kappa and IgG lambda
paraprcteins as shown by overlay with the appropriate
antisera (tracks 1-4), Patient 2 has a serum paraprotein
of IgG kappa isotype( Tracks 5-7) and Patient 3 has a
serum paraprotein of IgG lambda(Tracks 8-10). Tracks 11
and 12 show one of the sera having no gqualitative
abnormality of the immunoglobulin profile., Neither light
chain overlay shows any anomalous banding, in this

case.

Most of the paraproteins detected were of IgG class
and only four of these were detectable using conventionsal

agarose zonal and immunoelectrophoresis.

A total of 154 subjects were judged to have no
qualitative abnormality by IIEF. 24 individuals had
banding patterns which corresponded neither to a’
monoclonal spectrotype nor to a normal polyclonal pattern,
but had an IIEF trace consisting of a finite number of

bands consistent with an oligoclcnal increase of the



1 2 3 4 567 8910 1112 1
A B

pH range 3-10

Figlire 15 11lustr ation of serum paraproteinaemia jid

selected subj ects

Sera were focused and treatecl as indicatec

be?], ow

a MonQclonal gammopathierls
1-4 : serum from patient 1;
anti-IgG, anti lambda

Tracks anti-IgA, anti
kappa 1light chain,
light chain respectively

serum from patient 2; anti-IgG, anti

Tracks 5-7
lambda 1liqglit cliain

Wapga light chain, anti
respecti vely

Tracks 8-10: serum from patient 3; anti-IgG, anti
Lambda, light chain, anti ka*po, light chain

respect ively
b 01 igoclonal paraproteinaemia
focused and fixed in TOA. Bands denote

Serum was
immuonglobiilin,
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TABLE 1

Results of IIEF on serum from 200 individuals over
45 years old.

Age Number- Mo. with Faraprotein Mo. with
paraproteins isotypes oligoclonal
patterns
45-350 15 2 2 IgB 2
51-60 51 I I 1g6 A
61-70 55 4 4 IgB 7
71-80 61 8 2 free kappa 7
4 1Ig6
1 IgBG & IgA
Ll Igh

81-90 24

]
ES

IgG 4
1 free lambda

1100 4 0 0

Totals 200 22 24
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immunoglobhlin profile. This is illustrated ir Figure 15b
Wwhich shows one such serum. The oligoclonal bands,
identified as IgG of both kappa and l1ambda types in each
serum by antibody overlay (not shown) are clearly visible
when this track is compared with the normal serum shown on

Figure 15a ; tracks 11 and 12.

Table 1 lists the individuals in age groups. There’is
no significaent difference between the occurence of
monoclonal or oligoclonal paraproteinaemia and age, with a
roughly equivalent proportion of individuals in each age
group having evidence of a serum paraprotein. Of the 22
individuals with monoclonal gammopathy, there were 10 men

and 12 women,

It is clear that the number of individuals over 45
years old with paraprcocteinaemia is much hkigher than
previously reported, a finding almost certainly due to the

increased sensitivity of IIEF.

See Appendix 1 Page 208



110

IIIc Studies on patients with multiple mveloma énd solitary

plasmacy toma

IITc (i) Illustration of monoclopnal immunoglobul ins

Figure 16‘shows the isoelectrié focusing patterns of
sera from 20 patients with IgG myelomatcsis. Comparison of
these patterns with the patterns seen in the previous
secticn on normal human serum show that the paraproteins
present are very distinctive., It is immediately obvious
that there is a wide range of isoelectric points at which
the paraproteins focus, ranging from 6.2 to 9.1. The
number of bands making up each paraprotein.is also very
variable, with numbers ranging from 3 to 10. This
distinctive pattern of bands is known as a spectrotype and
the occurence of this pattern in serum is a characteristic
of the presence of monoclonal immunoglobulin. The reasons
for the occurence of so many bands which are indicative of
protein secreted by a single clone, wWill be discussed in
greater detail at a later stage. The occurence c¢f serum
free light chain is visible, in some cases, by this
technique; most notably in tracks 4 and 14 whére they

occur at pI 7.5 and 6.9 respectively.

Figure 17 shows the results of isoelectric focusing of
various sera containing monoclonal IgA and monoclonal IgM.
Once again, it is clear that the range of pI values and
number of bands constituting the monoclonal immunoglobulin

is extremely variable. Tracks 6 and 8 show two different

Igh myeloma sera which have separated into around 12 bands
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Figure 17 Study of sera containing IgA and IgM

paraproteins

Sera were focused and fixed in TCA

Tracks 1-9: 1IgA paraprotei ns

Tracks 10-18: IgM paraproteins

Serum samples 1-18 were focused at pH range
5-8 after which safnples 1-5, 7 and 12 were
repeated at pH range 3-10
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each. These two sera, and the serum seen in track 9 are
the only sera which show the IgA paraproteins
satisfactorily on this pH gradient of 5§ tc 8. The sera
whicn did not focus well at pH 5-8 were then focused in a
pH gradient of 3 to 10 (Figure 17b). This should have the
effect of sepgrating the proteins cver a wider range sc
that the IgA paraprotefns which are very close to the
anode end of the gel at pH 5-8 will focus much nearer the
middle of the gel and banding will therefore become
visible. In most cases, this is what occurs; however sera
such as that seen in track 3 do show evidence of banding,

but not as clearly as is desirable.

The IgM paraproteins visible in tracks 1C to 18 show
wide ranges of isoelectric points and numbers of bands
after partisl reduction with 2-ME., The pH range 5-8
focuses most of these paraproteins into visible banding
patterns, although it is not suitable ir all cases. Serum
12 did not resolve satisfactorily and although some
banding is seen at pH 5-8, when repeated at pH 3-10, the
banding becomes much clearer, The occurence of serum free
light chain is not particularly easy to determine 'in these
IgA and IgM sera. There are two reasons for this. First,
the free light chains often focus near the anode and are
thus masked by the other serum proteins. Second, even when
they do focus at higHer pH, they are often
indistinguishable from the other paraprotein bands. For
example, in tracks 6 and 8 (Figure 17 ), the only way of
telling whether any of the constituent Dbands are

monoclonal IgA or free light chain is by using antibody
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overlay with anti-free light chain antisera. Track 9 shows
the occurence of free light chain clearly because»it
focuses at high pH (pI 6.9) and is of high enougn
concentration to be distinguishable amid the polyclonal

immunoglobulin,

Figure 16 shows the isoelectric focusing patterns, in
greater detail, of serun aﬁd urirne from & Eatient with IgD
myelomatosis, Tracks 1 and 2 show urine and serum focused
and fixed in TCA. Bands are apparent in track 2 which are
identified in tracks 5 and 6 as monoclonal IgD lambda . A
single band is visible in track 1 corresponding to the pl
of those immunofixed bands in tracks 3 and 6 denoting the
presence of free lambda light chain. This serves to
illustrate that, 1in additicn to the major monoclonal
immunogiobulin component, the existence of Bence-Jones
protein can be shown by this technique, both in serum and

urine,

Table 2 shows the isoelectric focusing arnalyses of
various immunoglobulin abncrmalities in 9 patients serum,
Figures 19,20 and 21 show some of these abnormalities in
greater detail, From the table, it is evideﬁt that
isoelectric focusing is of value when paraproteins cannot
be identified unequivocally bi zonal and
immunoelectrophoresis, It is also of value in identifying
paraproteinaemia on those occasions when its presence was

not suspected previously.

Figure 19 shows a comparison of immunoelectrophoresis

and immuno-isoelectric focusing carried out on serum from
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a patient who had elevated levels of IgG,A and M.
Consequently, all three immunoelectrophcretic arcs(viz.
Q,A and M) were symmetrically thickened. A paraprotein
band of restricted mobility was evident on the zonal
electrophoretic strip which corresponded to the
symmetrically thickened IgG arc. However, both kappa and
lambda arcs were uniformly thickened, with no localised
deformity, making it impossible to determine whether the
putative paraprotein band showed light chain restiriction,
Thus, the conventional approach failed to resolve the
problem posed by this serum with a putative paraprotein
present in the milieu of a polyclonal rise in
immunoglobul ins. The figure shows how isoelectric focusing
was used to enable a clear demonstration of mcnoclonality
to be made., The TCA fixed strip (treack 6) showed protein
bands of restricted heterogeneity, characteristic of a
monoclonal immunoglobulin., The immunofixed trzcks (tracks
1-5) showed the pzraprotein to be of IgG kappa isotype.
The demonstration of light chain isotype restriction
provides good corrobcrative evidence for monoclonality

(cf. tracks 4 and 5).

Figure 20 illustrates a differént aspect of the use of
iscelectric focusing,. On this occasion, the preéence of a
paraprotein was not suspected before the application of
IEF, The‘zonaldelectrophoresis'showed no qualitative
abnormality and the immunoelectrophoresis showed a slight
localised deformation of the lzmbda arc and a broad
thickening of the IgHM arc. Thus, <conventional

electrophoretic techniques leave the problem unresolved.
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The patient may have free lambda light chains, or an IgM
lambda paraprotein, for example.. Isoelectric focusing
showed bands of restricted heterogeneity (track 6) and
imm uno-i soelectri ¢ focusing showed these bands to
represent an IgG lambda paraprotein, an isotype not

suspected previously.

Figure 21 shows the 1EP and IIEF patterns of serum
from a patient with suspected paraprotei naemia. The zonal
strip shows no paraprotein band and the IEP shows a slight
deformation of the IgA arc only. Both the other heavy
chain arcs and both light chain arcs showed no qualitative
abnormality. So, again the conventional approach leaves a
situation in which an abnormality of the patients
immunoglobulin profile is suspected, but conventional
techniques are unable to identify the abnormality. The IEF
pattern (track 6) shows bands of restricted heterogeneity
and immunofixa ti on of these bands shows a paraprotein of

IgA lambda isotype.

Il ¢ (ii) Comparisons in sensitivity of different
te chnic ue s

After the development of isoelectric focusing as a
routine technique for screening for monoclonal
immunoglobulins, it was necessary to compare its
sensitivity for this purpose with other techniques. The
most commonly used technique is routine
immunoelec tr ophore si s in agarose. So comparisons were made

between IIEF and IEP in most detail.

Figures 22 to 26 show these comparisons in the detection
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of monoclonal IgG,A,M, D and free lambda light chains. A
serum with a monoclonal immunoglobulin was serially
diluted with a pooled normal human serum and these
dilutions were focused and either fixed in TCA or
immunofixed using appropriate antisera. The dilutions were

also subjected to Immunoelectrophoresis.

Figure 22 shows *the IEF pattern of a serum from a
patient with an IgG kappa paraprotein with a total IgG
concentration of 54 mg/ml (measured by radial
immunodiffusion). This serum was diluted serially in
pooled normal human serum to determine the limits of
detection of monoclonal IgG. Monoclonal immunoglobulin was
clearly detectable at 1/200 and faint bands were visible
down as far as 1/ 1000, although these could easily have
been missed in a routine specimen. Immunofixation with
anti-IgG gave results of similar sensitivity with the
monoclonal IgG being visible down to 1/200. If it is
assumed that most of the IgG is monocl onal, this represents
a detection limit of below 0.27 mg/ml. This figure is, of
course, a maximum value since polyclonal IgG will also be
present, albeit in low concentrations, because- of the
suppression of normal immunoglo bulin production often

associated with multiple myeloma.

Figure 22b shows the IEP of the same IgG dilutions.
The paraprotein could be identified with certainty down
to, at best, concentrations 2.7 mg/ ml. Thus, IEF was at

least 10 times more sensitive than IEP, on this occasion.

Figure 23 shows the IEF and IEP patterns of a serum
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containing monoclonal IgA lambda. The origiral Igh
concentratioh, measured by radial immunodiffusion , was 81
ig/ml. IEF showed the paraprotein to be visible down to
1.62 mg/ml (1/50) and by IIEF at the highest dilution ie
0.16mg/ml (1/500). This figure as before represents a
maximum value because of the polyclonal IgA present. With
IEP, monoclonél IgA was detectable down to 4,05 mg/ml with
certainty, although the dilution containing 1.62 mg/ml was
abnormal but equivocal, thus illustrating one of the
interpretative difficulties associated with the technique.
Nevertheless, these figures represent an improvement in
sensitivity of between 10 and 25 fold for IIEF compared

with IEP.

Figure 24 shows dilutions of serum from a patient with
Waldenstrom's Macroglobulinaemia with monoclonal IgM at an
original IgM concentration of 17.9 mg/ml. The paraprotein
is detectaﬂle down to 0.45 mg/ml(1/40) by IEF and by IIEF
down to less than 0,11 mg/ml., IEP, however could confirm
the presence cf monoclonal IgM down to 3.6 mg/ml(1/5), at
best. This represents an increase in sensitivity of at

least 32 fold, comparing IIEF with IEP.

Figure 25 shows diluticns of a serum contairing
monoclonal. . Igh lambda, original IgD concentration being 54
ng/ml. The paraprotein was detectable down to 1 mg/ml
(1/50) by IEF anc¢ to less than 0.05 mg/ml by IIEF compared
tg é detection limit of 2 mg/ml (1/25) by IEP. This

represents a 40 folc increase in semsitivity using IIEF.

Figure 26 shows the IEP,IEF and IIEF patterns of =&
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serun from &a patient with free lambda 1light chains
present, Free light chain is visible down tc 1/320 by IIEF
and down to 1/20 by IEP, thus representing a 16 fold

improvement in sensitivity using IIEF.

Cellulose acetate membrane electrophoresis was also
employed to test these dilutions of serum containing
monoclonal immunoglobul ins. I; the cases of IgG,A,M and D,
the paraproteins were visible cown to 5.4; 8.1; 3.58 and
4,3 mg/ml respectively. This technique, which has wide
useage as a screening technique (Kyle 1982), is shown by

these results to be unsatisfactory with regard to its

sensitivity for the detection of paraproteinaemia.

To illustrate the potential value of IIEF, Figure 27
shows a comparison of ZEP, IEP, IEF and IIEF for the
analysis of serum and urine from a patient with suspected
B cell neoplasm and rising IgG concentrations. No
paraprotein was visitle by ZEP, although immunofixation of
this strip with anti- kappa antiserum showed a faint
paraprotein band. IEP showed a slight abnormality at the
anodic end of the képpa precipitin arc. IEF of the serum
showed a single abnormal tand which was identified by IIEF
as free kappa light chains. There was no detectable
monoclonal IgG present, a paraprotein which had been
strongly suspected d;e to the rising IgG concentration.
prior to testing. No paraprotein of any other class was
found. IEF of concentrated urine also showed a single band
at the same isoelectric point as the band in the serum.
The urine band was identified as free kappa light chain by

IIEF. Figure 28a shows the same patients serum taken over
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a period of 138 months and was tested by IIEF on 5
occasions during that period. The paraprotein
concentration showed a steady rise over that period, but
most importantly, IIEF was able to detect and identify the
paraprotein 10 months before it became detectable using
conventional immunoelectrophoresis, thus giving the
clinician confirmation of B cell neoplasm and the isotype
of the paraprotein invoived before this information became
available later when the tumour load was preéumably
greater, Table 3 gives the paraproctein concentrations of
these samples over the stated time period, quantified by
scanning densitometry (Chapter III ¢ (vii) ), &zlong with a
further two sets of concentrations frocm other myeloma
patients illustrating that paraprotein concentrations can
be effectively monitored throughout the disease. The

patients in Table 3 b and ¢ are illustrated in Figure 28 b

and 26c.

Figure 29 shows that IEF can also be used to monitor
the concentration of a monoclonal gemmopathy of
undetermined significance, Serum samples from a patient
with an IgG kappa paraprotein were taken over a period of
24 months. The figure and the information inTable 3d show
that the paraprotein concentration did not change
significantly over that pericd, but remaired at around the

same level cf~9mg/ ml.

Another technique which is gaining in popularity for
the detection of minimal paraproteins 1is zonal

electrophoresis followed by immunofixation (ZEPI) (Johnson
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TABRLE 4

Comparison of IEF ,ZEFI ,IEF and I11EF on sera from 4
patients with putative paraproteins.

ZEF 1EF ZEF1I I1IEF

omo parasprotein TgM, A arces no paraprotein monoeclonal
distorted g6 A

2 no paraprotein  IgA arc no paraprotein monoclonal
equivocal IgA X

3 no paraprotein IgM{,larce no paraprotein monoclonal
distorted TgMH

4 o paraprotein Karc mmnuclmnalﬁv monnclonalﬁ_
distorted

Abbreviations: ..

LEF ronal electrophoresis

I1EF immunoel ectrophoresis

ZEFI immunofixation of & zonal electrophoretic strip

IIEF immuno-isoelectric focusing
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1982). This technique has the advantage over IEP of not
having the interpretative problems associated with the
immunoelectrophoretic arc. However, the gamma globulin
fraction is still spread over a comparatively short
distance inthe gel and sensitivity may suffer as aresult
of this., A series of 4 samples taken from patients with nc
detectable abnormality by IEP were tested by ZEPI énd
IIEF. ‘The results are shown in Table 4, All four samples
had detectable paraproteinzemia by IIEF whereas only one
had a paraprotein detectable by ZEPI. This suggests that
although ZEPI offers some advantages over IEP for
paraprotein detection, it is not as sensitive as IIEF for

this purpose.
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III ¢ (iii) Use of isoelectric focusing during therapy

If IIEF is to be of use in the clinical laboratofy,
‘it must be shown‘to have direct advantages in the
detection cof monoclonal immunoglobulin in clinically
relevant situaticns, when conventional techniques fail.
Table 5 shows the results of a study in which myeloma
patients sera were tested by ZEPI, IEP and IIEF. Thé
patients studied form a specizl group ie. in all cases
they had undergone treatment for their disease which had
resulted in the complete disappearance of serum
paraprotein as judged by IEP, (Sera were a kind gift from
Dr.D.S. Kumararatne, University of Birmingham). Of the 27
patients studied, 22 had an icentifiable paraprotein or
paraproteins present before treatment. When tested by
ZEPI, a total c¢f 7 patients had detectable
paraproteinaemia, but when tested by IIEF, a total of 16
patients had detectable paraproteinaemia of the same
isotype as the pre-treatment paraprotein. This shows that
the major classes of monoclonal immunoglobulin concerned
in E cell neoplasia can be characterised by IIEF at
concentrations at which it is not always possible using

IIEF and the more recently favoured ZEPI.
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TaRLE 5

of myeloma patients in remission.

Fre-treatment
paraprotein

REHSD

MEAD

IgMeK

IgG Y

IgG Y

NEAD

196G, 1aG K
IgAX

monacl onal A
MEAD
monoclonal K
morocl onal K
IgG X

IgG A

Igh «
monaclonal X
IgGy, freef_
MEAD

IgGH_ +7IgMX

monoeclonal K
IaG o, free &
monclonal A
IgGH, free {_
Ige K
Igh
IgB
IgG w_

Ahbreviations:

IEF -
ZEFI-
11EF-
NOAD -~

Findings by
ZEFT during
rEeml Esl on

MED

MNEAD

MNEAD

NEAD

NEAD

MEAD

monoclonal IgG K
7 I1gA paraprotein
monoclaonal A
NEAD
monoclonal Y
MNEAD

NEAD

NEAD

NEAD

NEAD

NEAD

NEAD

monoclonal 1gG K

MEAD

moncclonal IgG K
monoclonal A
NEAAD

MNRAD

NGAD
monoclonal
NEAD

196G ¥

Immunrioel ectrophoresis
Immunofixation of & zonal electrophoretic strip
Immuno—-isoelectric focusing

Mo qualitative abnormality detected

immunoglobuline in sera

Findings by
ITIEF during
remisslon

monocl anal
MNOAD
moroclonal A
MEAD

NOAD

NEAD

monoclonal Ig6 K
NEAD
monaclanal A
NEAD
monaclonal K
MEAD
monoclonal
NOAD -
NGAD
monoclonal X
monoclonal Y
NEAD

monoclonal IgG q
monoclonal IgM A
monocl onal W
monoclonal Igh K
moncclonal A

IaG A

IgG A

monaclonal IgG &
monoclonal IgB 4
MEAD

manoclonal Ig6 9
monoclonal IgG 4
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II1 ¢ (iv) Demonstration of serum paraproteinaemia in

a case of "non-secretory" myeloma

"Non-secretory" myeloma is a rare variant of the
disease which is characterised by the absence of a
demonstrable paraprotein in both serum and urine. It is
reported to occur in less than 5% of cases (Oken 1984).
Howevera it has been shown that the neoplastic cells in
"non-secretory" myeloma cah produce a small quantity of
monoclonal immunoglobulin in culture, on occasion (Mabry
et al 1977). Bearing in mind the sensitivity of IIEF, a
patient who was dizgnosed as a case of "non-secretory"
myeloma was tested for the presence of small quantities of

serum monoclonal immunoglobulin,

E.M.,, & 55 year cld woman presented in September 1982
with a one year history of exertional cyspnoea, pain in
the left hip and spontaneous bruising of the limbs. A
blood film at this time showed 36% blast cells and the ESR
was 83mm in the first hour. A bone marrcw aspirate showed
almost total replacement by primitive cells resembling
lymphoblasts. A radiological skeletal survey showed lytic
lesions in the right fifth rib , left ischium.and both
proximal femora. No lymphadenopathy or organomegaly was
detected on ultrasound examination of the abdomen. There
was hypogamumaglobulinaemia with IgG 5.4mg/ml; IgA O.d4mg/ ml

and IgM 0.2 mg/ml,

A provisional diagnosis of acute undifferentiated
leukaemia was made and chemotnerapy comprising
Daunorubicin,Vincristine and Prednisolcne was instituted.

After one pulse of such chemotherapy, 20% plasma cells
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were detected in the peripheral blood and a repeat tone
marr ow aspiraté showec the typical morphological features
of myeloma., ZEP and IEP showed no paraprotein ir the
serum. Immunoperoxidase staining of the bone marrow plasma
cells showed cytoplasmic mgnoclonal IgG kappa staining. (
These details were kindly supplied by Dr. T. Sheenan,

Victoria Infirmary, Glasgow)

Figure 30 shows the results of 1IEF and I1EF on serdm
from this patient after the first pulse of chemotherapy.
Track 1 shows a clear spectrotype at high pH consistent
Wwith the presence of a paraprotein. IIEF showed this
putative paraprotein to be of IgG kappa isotype (tracks 2
and 3). The absence of s spectrotype.staining in the
lambda track shows that the paraprotein is indeed
mcnoclonal in origin, Cverlays with other heavy chain
antisera were negative, Studies by IIEF on neat and X300
concentrated urine did not show the presence of a

paraprotein at this time,

The paraprotein concentraticn, determined by scanning
densitometry analysis of the IEF tracks sbowed the
paraprotein concentration to be 2.1mg/ml. Samples were
taken tnroughout the -subsequent course of the disease
until the patients eventual death, 28 months after
diagnosis. She had undergone various courses of
chemotherapy, details of which along with paraprotein
concentrations are given in Table 6. This study showed
that the paraprotein concentration remained fairly

constant throughout the course of the disease.
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The arrows denote the paraprtoein position.



TARLE &

Chemotherapy and Faraprotein concentration in a case of
"non-secretory” myeloma

Date Chemotherapy Faraprotein
concentration mg/ml

Anti ALL pulsed)

16.9.82 ‘
: P Qrmtmcmﬂ”i 2l

L T O
25.10,82

1.12 82

16.1.83

11.2.83

25.3.83

2.5.83

24.6.83 Cyclophosphamide
15.7.83

5.8.83

26.8.83

15.9.83

7100835

28.10.83

14.2.84 Methyl prednisolone
22.10.84

?.11.84 S
4.12.84 High dose Melphalan(d
17.12 84 Death

Rl NP U R NDADRLR

4
[
Z

'

Faraprotein concentrations were determined by scanning
densitometry ( Chapter 3 c wii )

Abbreviation
ALl acute undifferentiated lymphocytic leukaemia

(i) Sheehan gt al 1985
{ii) Case et al 1277
(i1i) McElwain et al 1983
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The possibility existed that the paraprotein found in
this patients serum did'not originate from the neoplastic
clone., Immunoperoxidase stairning of the bone marrow cells
showed staining for IgG with kappa light chein
detgrminants after trypsinisation of the cells, an isotype
identical to that.of the paraprotein. This finding made
it less likely that the paraprotein arose from a cldne
cther than tne neoplastic one, Nevertneless, to ;ule this
possibility out, production of an anti-idictype antiserum
was considered and purification of the paraprotein
instigated. The death of the patient before this antiserum
coculd be raised meant that this woecrk had to be stopped, as
no plasma cells had been kept in culture or frozen, for
use in testing the idiotypic specificity of the antiserum.
Nevertheless, the work that had been done pricr to the
death of the patient suggests strongly that the

paraprotein may have originated from the neoplastic cells,
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III ¢ (v) Potential value of IIEF in the diagnosis and

management of solitary plasmacytoma

An apparently localised plasmacytoma is the initial
presenting feature in 2-10% of cases c¢f ﬁultiple my eloma
(eyer & Schultz 1974), although in about 45% of cases of
sol'itary medullary plasmacytoma, the presence of a
paraprotein cannot be detected using conventicnal
techniques(Alexanion 1980). It is possible then that the
use of a more sensitive technique may allow the detecticn

of paraproteins when conventional techniques fail.

Table 7 shows the results of conventional
electrophoresis and IIEF on 7 patients with solitary
plasmacytoma. In six cases, the concentraticn of the
paraprotein was lower than the detectable limit for IEP,
although seven sera contaired a paraproteir which was

detectable by IIEF.

Case 1, as an example, describes a 73 year olc woman
who presented in February 1984 with progressive weakness
of the lower motor neurone type in the upper limbs.
Cervical spine X-rays showed lytic lesions in C3 and C4
with resultant vertebral body collapse. ESR on admission
was 35mm in the first hour and full blood count was
normalt Immunoglobulin levels were normal, as were
alkaline phosphatase, calcium, urea and electrolytes. A
radiclogical skeletal survey was normal. There_was no
detectable Bence-Jones proteinuria and protein
electrophoresis carried out on cellulose acetate membrane

as well as agarose ZEP and IEP were negative, IIEF, on the



TABLE 7

Results of IIEF and IEF on 7 patients with solitary
plasmacytoma.

Fatiernt no. IEF result IIEF result

1 HEAD monoclonal A

2 MEAD monoclonal IgG L
3 NEAD monoclonal IgB A
4 NGAD monoclonal IgG K
S NOAD monoclonal IgG X
& NEAD monoclonal IgA A
7 NOAD MNEAD

fAbbreviations

IIEF Immunn~isocelectric focusing
IEP Immunocelectrophoresis
NEAD Mo qualitative abnormality detected..
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Figure 3:1 Deinonstration of araprotei naemia in 3
atient Witli solitary plasliagytoma

Sera were focused and tyeated as jindicated

bel ow
Tracks 1,2: Patient Tracgks 3 ,4:Fatient 2
Tracks 6 :Flaitieut 3.

TFack 1 anti-1 ambda (pre-l.reatment.) ; Track 2
anti-lamda (post-treatment) ; Track 3 anti -
IgG ; Track 4 anti-kappa ; Track 5 anti-IgG ;
Track 6 anti-1 ambda
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other hand, showed the presence of free lambda light

chains in the serum.

A needle bicpsy of the vertebral lesions revealed
sheets of plasma cells which showed a cytoplasmic
monoclonal lambda light chain stairing pattern using
immunoperoxidase, Sterngl marrow aspirate performed at

this time was normal.

A diagnosis of solitary medullzary plasmacytoma was
made and chemctherapy comprising intermittent pulses of
oral Melphalan and Prednisolone was cornmenced. After two
pulses of chemotherapy, the paraprotein was no longer
detectable, although neurological recovery has not yet
occurred (Clinical details were kindly supplied by Dr. T.

Sheehan, Victoria Infirmary, Glasgow)

Figure 31 shows the IIEF results from patients 1,2 and
3 in Table 7. Tracks 1 and 2 show serum from Case 1,
focused and overlaid with anti-lambda light chain
antiserum. Track 1 shows the free light chain bands before
chemotherapy and track 2 shows the serum after
chemotherapy with the free light chain bands no longer

visible.

Tracks 3 and 4 show anti-IgG and anti-kappa light
chain overlays of serum from Case 2. These overlays showed
the presence of monoclonal immunoglobulin of IgG kappa

isotype, a paraprotein not detectable using IEP.

Tracks 5 and 6 show anti-IgG and anti-lambda light

chain overlays of serum from Case 3. The paraprotein
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detectable in this case is of IgG lambda isotyrpe.

In all cases, antibody overlays using other heavy and

light chain antisera were negative,

IITI ¢ (vi) The incidence and possible relevance of

serum Bence-Jones protein in myeloma

The collection and preservaticon of urine is normal
procedure before estimation of Bence-Jones protein
concentration is performed. In view of the variability of
factors governing urinary Bence-Jones protein levels, such
as renal catabolism, reabsorption and apparent "losses" or
"gains" during concentration, an experiment was devised to
test whether Bence-Jones protein could be detected in the
serum’of a sufficient percentage of patients to merit
further investigation intc whether monitoring serum Bence-

Jones protein levels is a practical proposition.

Serum and urine from 25 patients with multiple myeloma
were collected, processed and tested azs described in

Materials and Methods.

Figure 32 shows theresults of IIEF on serum and urine
from three cf the patients stucied. Tracks 2-6 contain
samples from a patient with an igG kappa paraprotein, This
paraprotein is clearly visible at pI 6.5-7.0 in track 2,
when compared with the normal serum ir track 1. This was
identified as monoclonal IgG by overlay with anti-IgG
(track 3). Overlay of the same serum with anti-kappa chain

(free plus bound:track 4, anti-free kappa: track 5)



‘.g e 32

—45

—4 2

4 5 6 78 910 11121314

Demon<lration ¢f serufi Bence-Jones protein

Sera were focused and treated as indicated
bel ow

Track 1 Normal human serum i Tracks 2-6 IgG
Fappa mye lc)ima (2-5 :seruin,6 :urine) ; Tracks 7-
19 IgA Iambda myeloma (7-9:serum,/0surine) ;
TracIs .1l1- 14 IgD lambda myedoma (1J-13 :serum,
14 sur ine)

Track 3 anti-IgG ; Track 7 anti-IgA ; Tr'ack
II anti-IgD ; Track 4 anti-kappa (f+b) ;
Iracks 0 & 12 anti-lamikda (f+b) : Tracks 5,6
anti-fI'ce XKappa ; Jracgke 9,1C), 33 ,14 anti-free
Ilambda

£fH) : free pi.us bound The arrows ii"idicate

the position of the Bence-Jones protein. Clear
evidence of Bence-Jones protein banding in
tracks 2 and 3 was obtained by diluting the
serum samples 1/20 and 1/25 respecti vely.
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revezled a free monoclonal kaﬁpa light chain at pl 4.4
(arrowed), ih addition to the mcnoclonal IgG. This serum
kappa chain is identical to the urinary Bence-Jones
protein (track 6) since it was at identical pl to the
latter and reacts with anti-free kappa chain but not with

the anti-IgG (track3).

Tracks 7-1C show the results of IIEF on serum and
urine from a patient with an Igih lambda paraprotein.
Overlay of the serum with anti-IgA (track 7) revealed the
intact monoclonal IgA paraprotein. When the serum was
overlaid with anti-lambda chain (free plus bound : track
8, anti-free lambda chain : track 9), an additional band
appeared at plI 6.5 due to free lambda light chain
(arrowed). Comparison with the urine frowr the same patient
(track 10) showed the serum band at pl 6.5 to be identical

to the urinary Bence-Jones protein.

Tracks 11-14 show the results from a patient with an
IgD lambda myeloma When the serum was overlaid with anti-
lambda chain (track 12), a band a2t pI 5.5 was icentified
in the IgD region that did not react with anti-IgD (track
11). This band was icentified as serum Bence-Jones
protein, since it also appeared when the serum was
overlaid with anti-free lambda chain (track 13) and

corresponds to the pI of the urinary Bence-Jones protein

(track 14),

Table 6 summarises the results frcm the 25 patients
studied. Of these 25, 16 had IgG myeloma, 7 IgA myeloma

and 2 IgD myeloma. These were split into two groups, those



TARLE 8

Incidence of Eence—Jones protein in multiple myeloma

Light chain Mo, of Mo, of positive Mo. of positive
isctype patients <camples by 1IEF samples by IEF
= E LT (i WA T=2 sSer um Wi e
100 300 100
kappa 16 Q@ & 9 O é
lambda 2 (3 4 7 4 2
Total 25 17 10 16 4 8
%A incidence &8% 40U &4% 1&6% I2%

fAbbreviations
IIEF immuno—-isoelectric focusing .-
IEF immunoelectrophoresis
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having kappa or lambda light chain isotype. Testirg the
sera by IIEF showed that 9 out of the 16 with kappa light
chain isotype and 8 out of the § patients with lambda
light chain had detectable serum Bence-Jones protein. In
contrast, IEP proved to be of little value in detecting

serum Bence-Jones protein.

The incidence of detectable urinary Bence-Jones
prctein varied according to the concentration of the urine
sample and to a lesser extent, the method used. At 100X
concentration,the incidence wusing IIEF is only 40%,
whereas if the urines are concentrated 300X, the incidence
rises to 64%. Serum Bence-Jones protein was detectable in
all cases in which urinary Bence-Jones protein was
aobserved anc in one case in which urinary Bence-Jones

protein was undetectable.

£A11l the patients in this study group were undergoing
chemotherapy, a factor which adversely influences the
detection of Bence-Jones protein in urine (MRC Working
Party 1964). Results with urines from untreated patients
snow that the incidence of Bence-Jones proteinuria is

higher than 64% at around 80%.
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II] ¢ (vii) Quantitation of monoclonal

immunoglobulins by IEF and scanning densitometry.

For isoelectric focusing to be acceptable as a routine
technique, it would be necessary for the technique to be
able to quantify paraprotein concentrations with equal
reliability to that of accepted quantitative techniques

such as scanning densitometric analysis of a zonal strip.

Various monoclonal immunoglobulins were purified as
described in Materials and Methods and were used as
stahdards in an assay for quantitation of paraproteins by
IEF and IIEF. A number of samples containing paraproteins
were focused along with the standards and the values
obtained for their concentrations compared with those
obtained using scanning densitometric analysis of a zonzl

strip and single radial immunodiffusion,

Figure 33 shows the quantitation of IgG paraproteins
by IEF. Purified IgG paraprotein standards and whole test
sera were focused , the gel fixed in TCA and stained. The
tracks were then scanned densitometrically and the areas
under the paraprotein peaks plotted versusvconcentratiom
There is a clear relationship between the area under the
peaks and the IgG concentration, with close agreement
between the absorbance of duplicate samples. Figure 33b
shows the same IgG standards focused alongsfde four
unknown samples (tracks 7-10 : 3 from patients with IgG
myelomatosis and 1 from a patient with IgG monoclonal

gammopathy of undetermined significance). Table 9a shows

the results of quantifying the paraproteins in this way.
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Figure 33 Quantitati on of monoclonal IgG by IEF
A Dupl3c:ate standards toewused ancl fixed :in TCff;; pH 3-10;

Tracks 1-6: monoclonal IgG 25.5, 17. 12.7, 6.4, 3.2, 1.6
mg / in}
k Tracks 1--6: monoclonal IgG standards as Fig.33A
Trac ks 7ml0:test samples;7-9: IgG myel omata, 10inonoc lonal
IgG gammopathy of undetermined significance

The standard curve from the densitometric scan is shown above
the TIGF gel .
a»li. : arbitrary units
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The unknown samples were diluted to a greater or lesser
extent so that their absorbance fell on both the upper and
lower parts of the standard curve., Their concentrations
varied when tested in this way by 10-15% according to
their place on the standard curve., Quantitation by IEF is
compared with single radial immunodiffusion and zonal
electrophoresis in Table 9a. The apparent IgG
concentrations measured by the two electrophoretic
techniques vary by 5-10%, whereas the single radial
immunodiffusion figures are consistently higher., This
latter observation is probably due to the presence of

polyclonal immunoglobulin.

Quantitation of monoclonal IgA coulcd not be carried
out by IEF alone in many cases because the pl of the IgA
was similar to that of the other interfering serum
proteins. Overlay with anti-IgA was therefore used to
visualise these proteins., Figure 34a shows an IIEF gel
with a series cf monoclonal IgA standards (tracks 1-5) and
test samples containing IgA paraproteins (tracks 6-9). The
gel was focused and overlaid with anti-IgA antiserunm,
stained and scanned densitometrically. The pafaprotein
concentrations of the four test samples at two different
dilutions are given in Table 9a. As with IgG, there is
little variation in apparent concentration in different
regions of the standard'graph. Table 9a also shows the
apparent concentrations calculatec from scanning a zonal
electrophoresis strip and from single radial
immunodiffusion. On the occasions on whicn paraproteins

were quantifiable using zonal electrophoresis, their
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"iqure 34 Quantitation of monoclonal IgA by IEF and IIEF"

A 11BF : Tracks 1-5 Monoclonal IqA standards overlaid with
anti-Ig A and fixed in 7CA,,-{]JH 5-8
(9.5, 4.75, 2.3, 1.2, 0.6 mg/ml)
Tracks 6,7 Samples fiom patients with IqA
paraproteins of undetermined significance
Tracks 8,9 Samples from patients with IgA myeloma

B IEF' : DLIplicate monocJonal IgA standardB focised ancj
fixed in TCA (dilutions as in Fig.34A),pH 5-8

The standard curves from the densitometric scans of both IE-
and IIEF' methods are shown above the gels in each case.
a.u. : arbitrary units
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concentrations showed acceptable consistency with that of
IIEF quantitation. As before, the radial immunodiffusion
concentrations were found to be higher. When an IgA
paraprotein focuses at higher pI and is entirely visible
using IEF alone, the standards can be fixed directly in
TCA (Figure 34b) and a similar curve constructed. Examples
of the use of IEF in this way are shown in test samples 5

and 6 in Table 9a,

Figure 35a shows the standard curve and IIEF tracks of
monoclonal IgM standards (Tracks 1-5) ancé four test sera
from patients with either Waldenstrom's Macroglobulinaemia
or chronic lymphocytic leukaemies (Tracks 6-9). The
concentration of the unknown IgM paraproteins is shown in
Table 9a in comparison with other quantitative techniques.
In common with other classes, two different dilutions of
the test sera and quantitation by zongl electrophoresis
gave apparent concentrations in close agreement., Single
radial immunodiffusion tended to give nigher results. Some
IgM parzproteins focus at sufficiently high pI to enable
them to be quantified by IEF alone. Figure 35b shows the
standard curve obtained after TCA fixation of the IgM -
standards. IgM test samples 5 and 6 (Table 9a) show
comparative concentrations for all four methods of
quantitation,- Both IgA ancd IgM standards gave linear

calibration curves up to 10-14 mg/ml by IEF and IIEF.

Figure 36a shows the standard graph and IIEF tracks of
purified free kappa light chain standards and fcur test

samples (3 serum and 1 urine, Tracks 8-11). The position
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Figure 35 Quantitation of monoclonal IqM by IE.F aind IIEF

A TIEF : Tracks 1-5 Monoclonal IgM standards overlaid with
anti-IgM and fixed in TCA, pH 3=70
(15, 12, 8, 4, 2 mg/ml)
Ti-acks 6,8 Sera from patients with Waldenstrom's
Macroglob linaemia
Tracls 7,9 Sera from patients witli chronic
lymphocytic leukaemia

B IHF : Dulilicate monoclonal IgM st ndard focused and
fixed in TCA (15, 8, 4, 2, 1 mg/ml) pH 3-10

The standard curves from the densi tometric scans of both IIWF
and IIEF methods are shown above the gels in each case,,
a,ll. : arbitwary units
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Quanti tati on of free kappa light chains by IEF. and
IIEF

Tracks 1—7 Monoclonal kappa standards focused and
oVer-laid with anti-ka.ppa antiseriom

(2.75. 1.8, 1w4., 0.9, 0.7, O, mg/ml),,
pH 3-10

T-acks 8-10 sera fram myeloma patients

Tractk 11 ur ine fi-om a aiye7oma patient

Duplicate monoc lonal kappa standards foeused and
fixed in TCA (2.75, 1.4, 0.7, 0.35, 0.2 mg/ml) pH 10

The standard curves from the densitometric scans of both IE

and IIEF"

methods are shown above the gels in each case,

a.u : arbitrary units
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Fighire 7 Uwuantitation of free lambda liqht chains by 1FF and
IIEF

A 1IEF Tracks 1-5 Monoclonal lambda standards focused and
over laid with anti 1ambda antiserum
“(9.3, 6.2, 4.6, 2.3, 0o 6 mg/ml) pH3-10
Tracks 6-°8 Sera frofn myeloma patients
Tr'ac k Urine fiord a myeloms p<tient
Dupljcate monoclonal Jambda standards foeused and
fi;;ed in ICA (9.3, 4.6, 2.3, 1.2, 0.6 mg/ml) pH 3--10

B 1EF

The standard curves from the densitometric scans of both
IBP and IIEF methods are shown above the gels in each case,

A

d.10. : arhitrai'y units



TABLE @Pa

Comparative quantitative techniques for monoclonal
immunoglobulins in serum

Test Sample Paraprotein Concentration

{(mg\ml)
1 2 3 4 S &
Method
IgG IEF(a) 24 28 28 11
IEF(b) 22 27 26 11
SRID 25 31 32 20
ZEP 20 26 28 12
IgA IIEF(a) 2.0 5.2 27 41 34 28
I1IEF(b) 2.5 6.0 28 47 39 29
1IEF - - .- - 36 31
SRID 4.2 10 34 S8 44 32
ZEP - 4.0 29 48 40 31
IgM IIEF(a) 9.0 2.1 78 3.0 31 16
IIEF(b) 8.2 2.4 &5 2.5 34 18
IEF - - - - 31 20
SRID 11 5.6 86 4.8 39 21
ZEP 12 - 58 2.6 34 19
Abbreviations: - not quantifiable

IIEF immuno-isoelectric focusing
IEF isoelectric focusing

SRID single radial immunodiffusion
ZEP zonal electrophoresis

All electrophoretic measurements were carried out on
duplicate samples. Paraprotein concentrations are given as
mean values with the variation between duplicate samples
being less than 5% of the mean.

Samples were diluted to bring their concentrations onto
two different parts of the standard curves. Therefore, for
paraprotein concentrations derived from IEF (IgG) and IIEF
(IgA and IgM), the values marked IEF(a) and IIEF(a) give
concentrations from samples at low dilution and values
marked IEF(b) and IIEF(b) give concentrations
from samples at higher dilution.



TABLE 9b

Comparative quantitative techniques for monoclonal
free light chains in serum and urine

Test Sample Paraprotein Concentration

(mg\ml)
1 2 3 4 S )
Method
free K IIEF (a) 2.8 2.0 4.2 11.4 5.0 4.0
IIEF(b) 3.6 2.4 3.8 15.0 7.0 3.0
1EF - - - - 6.0 S.0
ZEP 2.4 - - 10.0 3.0 3.0
free A IIEF(a) 4.2 3.9 4.1 14.0 2.0 2.5
IIEF(b) 5.1 5.0 4.6 17.0 3.5 3.0
IEF - - - - - 3.0 3.0
ZEP 3.4 - - 15.0 1.5 4.0
Abkr-eviatiocns - not quantifiaoble

ITEF immuno-iscclactiiz $aguczing
IEF isoelectric focusing
ZEP zonal electrophoresis

Samples 1,2 and 3 were serum samples whilst samples
4,5 and 6 were urine samples.

All measurements were carried out on duplicate
samples. Paraprotein concentrations are given as mean
values with the variation between duplicate samples being
less than 9% of the mean.

Serum samples were diluted and urine samples
concentrated to bring their paraprotein concentrations
onto two different parts of the standard curves. Therefore,
the values marked IIEF(a) give values from samples with lower
paraprotein concentrations and values marked IIEF(b) give
concentrations from samples with higher paraprotein
concentrations.
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of the free light chain is indicated by arrows, The test
samples run at different dilutions gave similar results
(Table 9b). Comparisons with other quantitative techniques
cannot be applied as readily with free light chains as
with other classes. When they occur in serum , they may be.
present in low concentration or masked by either
polyclénal or @onoclonal immunoglobuliq; both factors
tending to limit detection and quantitation. Wnen possible
therefore, comparisons were mace between IIEF and zonal
electrophoresis. These are shown in Table 9b, Different
dilutions of the test sample gave equivalent results when
measured by IIEF, as did scanning of a zonal strip., As for
IgA and IgM,when free light chains focus at a pl higher
than the interfering proteins, as they do on occasion in
serum and regularly in urine, they can be quantified by
IEF alone. This is shown by samples 5 and 6 in Table 9b.
Figure 36b shows the graph and IEF tracks of the TCA fixed

free kappa light chain standards.

A similar situation exists with free lambda light
chains. The standard graphs for IIEF and IEF of the free
lambda light chain standards are illustrated in Figures
37a and 37b. The IIEF gel shows four test samples (3 serum
and 1 urine). Table 9b gives the comparative figures for
paraprotein concentrations. As before , the samples run at
different dilutions gave similar results, as did different
techniques used, when appropriate. As with free kappa
light chains, when free lambda light chains focus at high

pI, they can be guantified using IEF alone as 1is

demonstrated by samples 5 and 6 in Table 9b.
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III d Illustration of paraproteinaemia in Hodgkin's

Disease and Hon—Hodgkin's'Lymphoma

Figure 38a shows the IIEF results on serum from two
patients with Non-Hodgkin's Lymphoma. Tracks 1,2 and 3 are
anti-IgM, anti-kappa and anti-lambda light chain antisera
overlays respectively. The parapfotein visible in this
case is of IgM kappa isotype. Tracks 4,5 and 6 show anti-
IgM, anti-kappa and anti-lambda light chain antisera
overlays of serum from a second patient with Non-Hodgkin's
Lymphoma. The paraprctein present on this occasion is of
IgM lambda isotype. Overlays with other heavy chain

antisera in both cases, showed no qualitative abnormality.

Neither of these paraproteins was visible on routire
IEP and were included merely toc illustrate that
paraproteins are detectable in the sera of some affected
patients. Insufficient numberg of patients with Non-
Hodgkin's Lymphoma could be tested to give any idea of the

incidence of paraproteinaemia using IIEF,

Figure 38b shows the results of IIEF on serum from 2
patients with Hodgkin's Disease. Tracks 1-3 show serum
from patient 1,focused and overlaid with anti-IgM, anti-
kappa and anti-lambda light chain antisera respectively.
These overlays demonstrated the presence of monoclonal
immunoglobulins of IgM lambda and free lambda light chain
isotypes. Tracks 4-6 sh&w the results of IIEF on serum
from Patient 2 with the antibody overlays being anti-I1gG,
anti-kappa and anti-lambda light chain in tracks 4-6

respectively. These overlays demonstrated the presence of
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Figure 38 Illustration of abnormal i mmunoqlobulin

(2)

(b)

Profiles in Non-Hodqkin's Lymphoma and
Hodgkin's Disease

Sera were focused and treated as indicated
bel ow

Non-Hodgki n's Lymphoma

Track:s 7-3: Patient 1, Tracks 4-6: Patient 2
Tracks 7,4: anti-1 qN , Tracks 2,,5: ariti-xappa,
Ti“acks 3 n6: anti-1ambda

Hodgkin' Disease; Nonoc3onald Gammopatliies
Tracks 7-3: Fat:ient 1, Ti"acks 4-6: Fatient 2
Track 1r arnll- 1gG, Track 4: anti-1¢gM,

Tracks 2,5: anti-kappa.,, Tracks 3,f> anti-
lambda
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Hodgrin's Disease
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are from Patient 1, Tracks 2 and 3 of the
IEF patterns are from Patients 2 and 3

respectively
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monoclonal IgG lambda in the serum of this patient. In
both cases, antibody overlay with antisera of other class

specificities were negative.

Figure 38c shows a comparison between agarose IEP and
IEF on serum from Patient 3., The zonal electrophoresis
shows_three small paraprotein bands in the gamma region
(arrowed) witn tne IEP Showing localised deviations of
both tne IgG and leambcda light chain arcs. Track 1 of
Figure 38c shows the results of IEF on this serum. The
track was fixed inTCA to show the total proteinand shows
many bands characteristic of the presence of oligoclonzl
inmunoglcbulin, Antibbdy overlays of this serum showecd
these bands to be of both IgG kappa anc lambda light chain
ty pes (not shown). Tracks 2 and 3 of this figure show sera
frow two further patients with Hodgkin's Disease, both
fixed in TCA and both showing IEF patterns characteristic

of oligcclonal immunoglobulins.

A total cf 9 patients were studied in this manner and
of tnese, 2 had monoclonal immunoglobulins, 3 had
ocligoclonal immunoglobulins and 4 had no qualitative
abnormality of their immunoglobulin profiles. All three
patients with oligoclonal patterns had Stage 4 disease, as
had the patient with the IgM lambda monoclonal gammopathy

(for details of staging system :Carbone et al 1971).
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I1I1 e Studies on Cnronic Lymphocytic Leukaenia

1IT1 e (i) Illustraticn of serum paraproteinaemia in CLL

With the experience accumulated in using IIEF to
detect paraproteins when they occurred in multiple
myeloma, it‘was considered possitle that paraproteinaemia
nmight be successfully detected in CLL when a more

sensitive technique is used.

Figure 3G shows the IIEF pattern from a patient with
CLL, The serum was focused and overlaid, where indicated,
with specific antiserum. Track 1 shows the anti-IgM
overlay with characteristic bands of restricted
heterogeneity clearly visible. Tracks 2 and 3 show anti-
light chain overlays which demonstrate clear evidence of
light chain isotype restriction. Thus, the presence of an
Igli lambda paraprotein is detectable by IIEF, in this
case, Overlay of the serum with anti-IgD also showed the

presence of an IgD paraprotein.

Figure 40 illustrates another serum from a CLL
patient. On this occasion, IIEF showed the presence of an
IgM kappa (tracks 2 and 3) paraprotein and anlIgG lambda
paraprotein (tracks 1 and 4). The zonal electrophoresis
showed no paraprotein band in the gamma region and the IEP

showed no qualitative abnormality.
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III e (ii) Studies on the parsprotein and

peripheral blood lymphocyte cytoplasmic immunoglobulin

isotypes in CLL.

A series of 56 CLL patients was screened for the
presence of paraproteins in their serum. These patients
came from the Departments of Medicine and Haemétology,
Western Infirmary, Glasgow.or tne Department of Clinical‘
and L aboratory Haematology, Western General Hospital,

Edinburgh.

All patients had Chronic Lymphocytic Leukaemia
, wbich was diagnosed on the basis of peripheral blood
lymphocytosis of greater than 10 X 10q lymphocytes per
litre and bone marrow examination, All were 'alloted a
stage according to the staging system of Rai et al (1975).
All sera were tested by IIEF as described in Materials and
Methods and cytoplasmic immunoglobulin isotypes were
determined either by the author or by Dr. A,E,. Dewar,

Department of Pathology, Uriversity of Edinburgh.

Tatle 10 shows the isotypes of the paraproteins
cetected. Of the 56 patients studied, 34 had evidence of
serum paraproteinaemia (61%). The total number of
paraproteins detectedwas 44, so it is clear that a number
of patients had more than one paraprotein. The
paraproteins were mostly of IgM class, with 21 IgM, 1 IgD
and 3 IgG cccuring in patients as single entities. Mine
patients had more than one paraprotein ie, 4 with IgM and
IgG paraproteins; 3 with IgM plus free light chains; 1

with IgM plus IgD and one with IgM,IgD,IgG plus free light
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chain. When screened for paraproteinaemia by IEP, a total
of 4 patients had paraproteins detectable by this method
(numbers 16,23,40,51). Thus, IIEF has revealed a much
higher incidence df paraproteinaemia in CLL than was

previously detectable using conventional techniques.

Table 10 zlso shows the results of immunofluorescent
staining of the cytoplasmic immunoglobulin in the
peripheral blood lymphocytes of the patients. As with the
paraproteins, the predominant cellular isotype expressed
was IgM with 32 patients having IgM staining along with
either kappa or lambda light chain, Cytoplasmic IgM and
IgG occurred 3 times; IgM and IgD occurred 3 times; IgM
with both kappa and lambda light chains occurred once; IgG
cccurred alone on 4 occasions; ILgA occurred alone once;
IgM without light chains occurred twice and free light
chains occurred singly on one occasion. Cytoplasmic

immunoglobulin details were unavailable for 9 patients.

Itis clear from Table 10 that there is alink between
the isotypes of the paraproteins and those of the
cytoplasmic immunoglobulins. Of the 30 patients with
detectable paraproteinaemia and for which cytoplasmic
immunoglobulin details were available, all 30 had
cytoplasmic immunoglopulin of similar light chain isotypé
and in 16 cases in which paraproteins occurred singly, the
heavy chain isotypes also matched. In 4 cases (numbers
19,35,36,54) in which two or more paraproteins were
detectable, the presence of IgD or IgG paraproteins with

the same light chain isotype as the cytoplasmic IgM and
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IgM paraprotein may indicate a capacity for isotype
switching, and therefore possible clonzl maturation. In 2
cases (numbers 33 and 37), double paraproteins were also
detected, but on these occasions the IgG paraprotein light
chain isotype did not match with the light chain isotype
of the cytoplasmic immunoglobulin. ‘This may indicate
either the presence of an unrtlated paraprotein or'isotybe
switching., In two cases (numbers 17 and 38), cytoplasmic
staining revealed the presence of 2 heavy chain isotypes
whereas IIEF showed paraproteins of only one heavy chain
isotype. In 3 cases (numbers 27,45,53), IIEF showed the
presence of free light chains of similar light chain
isotype to that of both the cytcplasmic immunoglobulin and
the paraprotein. On 3 occasions (numbers 18,25,48), the
heavy chain isotypes of the paraproteins and those of the
cytoplasmic immunoglobulins did not match, again
indicating unrelated paraproteins or a capacity for

isotype switching.

The patients in Table 10 are arranged according to
their zllotted Rai stage and the assuciation between the
presence of serum paraproteinzemia as assessed by IIEF and
Rai stage was tested using the Chi squared test. For this
, the patients in stages 0 and 1 were pooled as were
stages 3 and 4. A significant association between
increasing severity of the disease as described by RKai

stage anc the presence of a paraprotein was observed ( p=

0.038).

Table 10 also shows the peripheral blocod lymphocytosis

in the 56 patients at the time of testing by IIEF. There
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is no correlation between the degree of lymphocytosis and
the presence of paraproteinaemia with a very wide
variaticn in peripheral blood lymphocyte count in patients

with and without serum paraproteinaemnia.

The peripheral blood lymphocytcsis figures were kindly
supplied by either Dr.G.Stockdill, Western General
Hospital, Edinburgh or Dr.J.H.Dagg, Department of

Medicine, Western Infirmary, Glasgow.

III e (4dii) Investigation into the moleculer weight

of IgM paraproteins in CLL

As described in Materials and Methods, sucrose density
gradient ultracentrifugaticon was carried out on a number
of CLL sera to determine the molecular weight of the serum
Igh parap;oteins. This was done to exclude the possibility
that the paraproteins, detectable by IIEF arose simply as
a result of surface immunoglobulin turnover from the
neoplastic lymphocytes. Membrane IgM has a sedimentation
coefficient of 8S, whereas secreted pentameric IgM is 193,
With this difference in size, it should be possible to
isolate the IgM by a number of methods ég. épdium dodecyl
sulphate polyacrylamide electrophoresis, but as sucrose
densitf gradient ultracentrifugation uses larger amounts
of serum, it was thought possible that this method may
afford reasonable quantities of purified monoclonal Igh

for use in other ways eg. raising anti-idictype antisera.

After centrifugation of all serz tested, fractions
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were removed and protein content estimated optical density
analysis. Figure 41 shows a graph of optical density
versus fraction number for & normal serum and a serum from
a CLL patient. Fractions 1-24 of &ll the CLL sera were
tested by IIEF to disc¢over the‘position of the IgM
paraprcteins, Overlay with anti-IgM showed that the Igh
paraproteins moved to the same region of the gradient as
the 19SS marker, Figure 42a illustrates this for another
CLL serum. The upper part of this figure shows the anti-
Ighk overlay of the fractions illustrated in the lower part
cf the figure, which shows a graph of optical density
versus fraction number. As well as the peak at fractions
1-4, a second peak at frzcticn 11 was noted in this serum;
a peak not present in any other CLL serum, Bcth these
peaks were shown by anti-IgM overlay to be monoclcnal Igh,
ie. both 19SS and 8S monoclonal Iglli were present in the
serum. The remaining fractions were tested by IEF and were
shown to contain the other serum proteins., Igh was not

detected in any of these remaining fractions.

A total of 8 CLL sera were testec in this way. All 8
had IgM paraproteinaemia detectable by IiEF and all
contained 19S monoclonal IgM. The 195 peaks found in these
sera are illustrated, after anti-IgM overlay in Figure
42b., Each peak showed monoclonal IgM bands. Only one serum
was found to contain 8S IgM by this method and no serum

contained 8S IgM alone by this method.

It can be concluded from these experiments that the

IgM paraproteins represent immunoglobulin which 1is



141

secreted from cells and do not arise as a result of

surface menibrane turnover.

IITI e (iv) Demonstration of anti-idictype antibody

reactivity and specificity

The reactivity of an anti-idiotype antiserum raised
against the IgM lambda paraprotein in the serum of patient
36 (Table 10) was tested in a number of ways :

Double immunodiffusion

The antiserum was tested against 7 CLL sera (5 with Igh
lambda paraproteins and 2 wiﬁh IgM kappa paraproteins) and
also against 7 normal human sera as well as serum from
patient 36. The antiserum was found to be reactive only
against serum from patient 36, This is illustrated in
Figure 43a and 43b which show double diffusion experiments
with the central well in both cases filled with anti-
idictype antiserum and the outer wells filled with either
CLL serum from the control group or normal human serum in

addition to serum from patient 36(Well 1 in bcth cases).

Immunofluorescence studies

The anti-idiotype antibody reactivity was confirmed
after the demonstration that it showed surface
immunoglobulin staining of greater thnan 95% of autologous
CLL peripheral blood lymphocytes as assessed by
immunofluorescence. Figure 44a shows zutologous peripheral
blood lymphocytes treated with anti-idiotype antiserum
followed by FITC labelled sheep anti-rabbit IgG and viewed

under phase contrast conditions at X120 magnification.
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Demonstration of anti-idiotype antibody
specificity and reactivity by Ouchterlony
double diffiision

The central wells in a and b gels coiifain
anti-idiotype antiserum, whilst well 1 in
both gels contain aiitologon serum (Fatient

36 in Table 10)

a Wells 2-8: 7 &LL sera with IgM paraprotein
( 5 with IgM lambda)
B Wlls 2#8 ;7 Nornmal Human Sera



Figure 44 Demoiistf'ation of anti-itjfiatyje ansisei~um

reactivity against autologous PBL as judged
by SmIg immunofluOrescence

a AutolQgous PBL iinder phase c ntrast (X120)
J Anlologou5 PH. treated With antJd=idiotype
antiserum tol lowed by F11C conjugated sheep
anti-rabbit IgB, viwed un (fer LV 1lighdl
475nm ; XI20)
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Figure 44b shows the same cellé viewed under ultre-violet
illumination (4 475nm). Membrane immunofluorescence is
visible on the cells. The anti-idiotype antiserum
specificity was confirmed when it was applied in this way
to peripheral tlood lymphocytes from 6 other CLL patients
( 4 with surface IgM lambda,2 with surface IgM kappa) and
frem 6 normal human controls and failed to show membrane
immunofluorescence in any one of these. In addition,
normal rabbit serum was substituted for the anti-idiotype

antibody as a further control, with negative results.

Immunoisoelectric Focusing Studies

To determine directly whether the IgM and IgD
paraproteins from patient 36 were products of the same
clone, the anti-idiotype antiserum was used as an overlay

inan IIEF assay.

Figure 45 shows whcle serum from patient 36 fccused
a}ongside serum depleted of IgM or IgD as described
earlier, The whole serum showed two distinct sets of bands
characteristic of mocnoclonal Igl and monoclonal IgD
(tracks 1 and 5 respectively) when overlaid with specific
antiserum, The anti-idiotype antiserum pverlay showed
identical bands to a composite of those seen in tracks 1
and 5, indicating that the_anti—idiotype antiserum is
reaéting with both paraproteins (track 3 ); To confirm
this, overlay of the IgM depleted serum with anti-idiotype
antiserum showed a set of bands identical to the IgD
spectrotype (track 5), whereas overlay of the IgD depleted

serum with anti-idiotype antiserum showed a spectrotype
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identical to the IgM spectrotype seen in track 1.

It can be concluded from these experiments that the
IgM and IgD panproteins in the serum of patient 36 share a

common idictype and originate from the same clone.



CHAPTER IV

DISCUSSIOHN
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IV (i) Isocelectric focusing

The question of the need for an alternative to routine
techniques such as zonal and immunoelectrophoresis for the
detection of serum and urinary paraproteins arose from the
realisation that the laboratcry was forced to send out
reports'to clinicians which were inadequate. Their
inadequacy stemmed from two sources. First, if the
presence of a paraprotein was suspected on clinical
grounds, zonal electrophoresis was not always able to
detect it. Secondly, on occasion, zonal electrophoresis
was able to detect a-paraprotein Wwhich was in insufficient
concentration to cause the necessary deviations in the
immunoelectrophoretic arcs which are essential for the

correct identification of pareproteins.

Consequently, an alternative to these routine
techniques was sought. A report by Keshgegian & Pfeiffer
(1981) compared the sensitivity of immunocelectrophoresis
and one alternative ie, zonal electrophoresis followed by
immunofixation, a technique which has gained in usage in
recent years. Their study reported that although more
sensitive than immunoelectrophoresis , zonal
electrophoresis followed by immunofixation failed in a
substantial number of cases, particularly when the
baraprotein was less than 10 mg/ml. Thus ,although the use
of these two techniques would enable many of the
paraproteins encountered in a routine situation to be
detected and correctly identified, they would still 1eave

a number of cases unidentified. The two facets of
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detection and correct identification of paraproteins are
of equal importance as a technique which can detect
paraproteins but which cannot identify them on every
occasion is of limited value as correét identification of
paraprotein isotype may have a ﬁajor impact on patient

management,

Isoelectric focusing-has been shown to be a very
sensitive technique in demonstrating the
microheterogeneity and homogeneity of proteins (Righetti &
ﬁrysdale 1974;Rosen et al 1979). Awdeh et al (1968) first
adapted the technique for use in flat bed gels. Until then
it had been performed in liquid media such as sucrose
density gradients. Polyacrylamide was the gel medium of
choice principally because it suffered no
electroendosmosis, and with regard to immunoglobulin work,
all classes, with the exception of IgM , could be focused
satisfactorily using polyacrylamide., IgM presented
problems because of its large size and its tendency to
precipitate in the gel before it could focus. The main
drawback with the use of polyacrylamide gel iscelectric
focusing is that although detecticn of paraproteins is
possible, immunological identification is much more
difficult using antibody overlay techniques. Another
shortcoming is that polyacrylamide is a neurctoxin, An
alternative to polyacrylamide as a support medium for
isoelectric focusing is agarose. Agarose has a number of
advantages over polyacrylamide for this purpose., It is
non-toxic, staining and destaining times are much shorter

and it suffers less from the effects of molecular seiving.
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However, as mentioned previously agarose suffered severe
short-comings as a support medium with the effects of
electroendosmosis being an insurmountable problem for many
years. Eventually, these problems were overcome after the
introduction of agarose that was free of the effects of

electroendosmosi s,

A factor which has tended to limit the routine
application of isoelectric focusing to clinical samples
has been expense. If isoelectric focusiég gels are
constructed in the manner recommended by Pharmacia, ie
30ml of &zgarose to make one gel, then the cost becomes
prohibitive,If, however, gels are constructed in the
manner described here using 15ml/gel, then the cost
beccmes comparable with the cost involved 1in
immunoelectrophoresis when commercially prepared agarose
plates are used. Al though expensive, custom built
isoelectric focusing tanks and power packs are ideal, the
whole procedure can be carried out satisfactorily at low
voltage (200V constant voltage for 18 hours), with any
electrophoresis tank fitted with a cooling plate and
safety cut-out. Thus, most laboratories equipped for
routine zonal electrophoresis can carry out all the

procedures involved.

It is evident from the resu;ts presented here that the
conditions ideal for c&st effective and satisfactory
focusing of all classes of immunoglobulin molecules are
somewhat at variance with previous reports. The conditions
recommended by Pharmacia, Rosen et al (1679) and

Williamson (1978&) were all found to be unsuitable. In the
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case of the conditions recommended by Pharmacie,
insufficient volthours were found to be delivered for
satisfactory focusing. Rosen's conditions (Rosen et
al,1979) in their recommendation for cathodal application
of samples were also found to be unsuitable. Excess drying
of theAgels was the major drawback in the use. of the

focusing conditions advocated by Williamson (1978).

Monoclonal 193 IgM proved to be the most difficult
paraprotein to focus. Rosen et al (1979) used purified IgM
paraproteins from patients with Waldenstrom's
Macroglobulinaemia and attempted to focus them in their
native 19SS form.They found that the paraproteins focused
in a broad band rather than 2 clear microclonal pattern
and concluded from this that the IgM molecule was
resistant to glycolysis and/or deamidation. The results
reported in this thesis suggest that their interpretation
may not be correct. Monoclonal 19S IgM showed no sign of
restricted heterogeneity under a variety of focusing
conditions including a total number of volthours of
14,400; different places of application on the gel;
incorporation of urea into the gel in an attempt to
improve solubility. The only conditions under which IgM
showed a banding pattern of restricted heterogeneity was
af ter partial reduction to the 8S monomer with 2-

Mercaptoethanol.

So, satisfactory isoelectric focusing of
immunoglobulins of all classes in agarose is possible

using the method outlined earlier.
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Awdeh et al were the first group to demonstrate the
resolution of monoclonal immunoglobulins by isoelectric
focusing (Awdeh et al,1968). By applying mouse myeloma IgG
to iscelectric focusing, they showed that monoclonal IgG
resolved into a series of bands decreasing in both size
and intensity of staining towards the anode. This
characteristic pattern, the Spectrotype, is due in part,
to post synthetic chahges in the carbohydrate content of
the immunoglobulin molecule and also to deamidation of
glutamine and asparagine (Williamson 1978). The
carbohydrate changes include differences in sialic acid
residues (Abel et al ,1968), which cause single charge
differences in the molecules, thus effecting differences
in the position in an isoelectric focusing gel at which
they have no net charge. The spectrotypes of other
immunoglobulins are much more variable both in terms of
band number and staining intensity. Monoclonal.IgA, for
example, can be resolved into as many as 15 distinct
bands; with IgM resolving only after reduction to its
monomeric state, into anything from 4 to 12 bands. IgDh, a
much rarer paraprotein, resolves under this system into a
banding pattern, usually of very tightly spaced bands,
ranging in number from 5 to 18. Free light chain generally
resolves into a smaller number of bands rangihg from a
single band to around 6 bands., It is poséible that the
heterogeneity produced in the cases of IgA,IgM and IgD
paraproteins for example, 1is due to changes in the
carbohydrate contents ie. the carbohydrate contents of

IgG,IgA,IgM and IgD are 2-3%, 7-11%, 12%, and 19%
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respectivelyr(Abel et al,1968)., With the carbohydrate
contents of-IgA, Ighk and IgD being greater than that of
IgG, this may give more possible variability. It is also
possible that the deamidation of glutamine and asparagine
contributes to this heterogeneity (Williamson 1¢78),
particularly in the case of free light chain as these

frggments generally have no carbohydrate content.

IV (ii) The use of isocelectric focusing in plasma cell

dyscrasias and monoclonal gammopathy of

undetermined significance

After the successful focusing of all major classes of
monoclonal immunoglobulin using this system, it had to be
shown that it could be applied to everyday work in the
laboratory. This was done in several ways. Comparisons
were made in the relative sensi tivity of isocelectric
focusing compared to other techniques commonly in use in
hospital laboratories. These included zonal
electrophoresis on both cellulose acetate membrane and
agarose; immunoelectrophoresis in agarose and finally,
immunofixation of a zonal electrophoretic strip. In
addition, the technique had to be used in clinical
situations where sensitivity of the technique used to
detect monoclonal immunoglobulins is crucial, Isoelectric
focusing had to offer a means qf quantifying monoclonal
immunoglobulins that proved to be as accurate and reliable

as currently accepted techniques.

Figures 19,20 and 21 illustrate the value of
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isoelectric focusing in identificaticn of paraproteinaemia

when conventional techniques fail,

Figure 1% illustrates a problem which occurs with
regularity. In the midst of a polyclonal increase in the
gamma globulin region of a zonal strip, a paraproteinis
visible and because the polyclonal immunoglobulin is
spread over a distaﬁce of bnly. 2-3cm, the background
staining is very high. This leads to the precipitin arecs
of all the heavy chains and both light chains being
symmetrically thickened. As mentioned previously, the
interpretation of qualitative changes in these arcs forms
the basis upon which a diagnosis of monoclonality is made.
The high background staining in this case has precluded
definite identification of a paraprotein, thus denying the
clinician potentially useful information. The problem set
by this serum is overcome by isoelectric focusing . The
sensitivity of the technique is due to its ability to
concentrate selectively any monoclonal immunoglobulin into
an easily recognisable spectrotype, whilst at the same
time spreading the polyclonal immunoglobulins over a wide
area of the gel., This wide separative distance can range
from 10-15cm depending on the gel size, thus‘negating the
effects of background staining to a far greater extent

than was possible using zonal eletrophoresis.

®

Figure 20 illustrates a different problem encountered
in routine work. In this case, without any abnormality
visible on the zonal strip, the IgM and lambda arcs showed
distortion to some extent, with both distortions occuring

in the same area of the gel. The initial impression gained
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from study of this immunoelectrophoresis pattern was that
there may be an IgM lambda paraprotein present in a
concentration too low to show as a paraprotein band on the
zonal strip. The other possibility was that there may be
free lambda<light chains in the serum. The use of
isoelectric focusing, however gives a different'answer
with a small IgG lambda paraprotein visible on
immunofixation, a paraprotein not suspected before the

application of the more sensitive technique.

Figure 21 represents widt is a fairly straightforward
case for the use of IIEF when the isotype of a possible
paraprotein cannot be identified in a patient with
suspected B cell neoplasm. There is a slight deformity of
the IgA arc, but any paraprotein present is in
insufficient concentration to cause a 1localised
deformation of either of the light chain arcs. The fact
that IgA paraproteins often migrate into the beta region
of a zonal’' strip can hinder their detection, IIEF does not
suffer from the same drawbacks and clear evidence of IgA

paraproteinaemia is visible in this figure.

Table 2 gives brief details of a number of similar
cases in which the application of isocelectric focusing has
resolved problems satisfectorily when conventional zonal

and immunoelectrophoresis have failed.

Limits of sensitivity of IIEF were compared to those
of IEP to establish the full range of paraprotein
concentrations through which IIEF could be applied. The

use of normal human serum with a full complement of

.
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polyclonal immunoglobulins as a diluent for the myeloma
sera was applied to make interpretation as realistic as
possible for both techniques. The réason for this being
that when monoclonal geammopathies do arise, they do so

often when the patient has a full immunoglobulin profile,

Study of the comparisons between IIEF and IEP patterns
shows that estimates of the sensitivity of the latter
technique have been generous. Had some of the patterns
appeared in a routine investigation, they could easily

have been missed.

For each of the five immunoglobulin classes studied,
IIEF was shown to be more sensitive for detecting small
concentrations of monoclonal immunoglobulins. Since the
dilutions were made in normal serum, whereas polyclonal
immunoglobulin is often suppressed in multiple myeloma,
the estimates for the limits of sensitivities of detection
of monoclonal immunoglobulins should be regarded as
maximum., Furthermore, the ease of interpretation of IIEF
bears little comparison with that of IEP.The IEP and IIEF
patterns of the IgM dilutions illustrates this well. The
immunoelectrophoretic arc of IgM is notoriouély difficult
to interpret, mzinly because of its small size and
position., Although abnormalities are seen, monoclonality
is often in doubt (Schen et al, 1972). As well as IgM, the
cccurence of free light chains in serum can often be the
source of interpretative oproblems. The
immunoelectrophoretic arcs of the kappa and lambda 1light

chains (free and bound) in serum are contributed to the
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greatest extent by the light chains attached to the IgG
heavy chain, because IgG.is present in the greatest
concentration in serum. Consequently, when free kappa or
free lambda light chain occur in the serum, their presence
may not be easily detected if they occur in concentraticns
too low to cause the necessary deviations of the
-immunoelectrophoretic arc. The detection of all classes of
paraprotein can be adversely affected by this swamping

effect of the polyclonal arcs of the IgG.

These problems are greatly obviated by the use of IIEF
with the main reason for this being the fact that

polyclonal immunoglobulin is spread over a large area.

Monoclonal IgG is probably the easiest to interpret by
IEF because of this spreading of polyclonal IgG., IIEF
gives résults of similar sensitivity., In the dilutions,
the anti-human IgG precipitates the polyclonal IgG and, as
the monoclonal IgG concentration falls, so differences in
staining become progressively less apparent until the
paraprotein becomes undetectable at a concentraticn of
less than 0.27Tmg/ml. This potential drawback does not
occur with IgD however, because of its low concentraticn
in serum. In this case, using IIEF the normal polyclonal
IgD does not mésk the monoclonal IgD pattern until a high
dilution is reached. Only a thickening of the IgD arc is
seen by IEP and one has to rely on an abnormality of the
light chain arcs for evidence of monoclonality.
Isoelectric focusing is relatively less sensit. ive than
IIEF on this occasion because of the tendency of the IgD

paraprotein to focus alongside the majority of the serum
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proteins 'in the anodic end of the gel. Discussion of IgD
paraproteins is included merely as an illustrétion
because, in practice, the.low concentration of IgD in
serum means that moniporing of IgD myelomatosis can be
successfully accomplished using radial immunodiffusion,
for example, to measure total Igl in the knowledge that
the normal IgD isnot likely to contribute to total levels

in the same way as polyclonal IgG..

Detection of monoclonal IgA is affected adversely by
masking of the paraprotein both by polyclonal IgA and the
light chain arcs of IgG, although not to the same extent
as IgM, when immunoelectrophoresis is used. The fact that
IgA paraproteins often migrate into the beta region helps
their detection by immunoelectrophoresis as this takes
them out of the main IgG area. Unfortunately, the same
factor precludes their detection by one of the most
commonly used screening techniques, zonal electmphoresis,
as they can be masked by the beta region proteins, Figure
23 illustrates the difficulty in interpretation of IgA
immunoelectrophoretic arcs.The 1/20 dilution is clearly
monoclonal, but the 1/50 dilution is doubtful and the
remaining greater dilutions show no abnormality.
Isoelectric focusing of monoclonal IgA can suffer the same
drawback as IgD in that.it too can focus in the same
region of the gel as the rest of the serum proteins, tnus
lessening the relative sensitivity. IIEF, however,
benefits from the spreading of polyclonal immunoglobulin

making the sensitivity much greater.
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The differences in sensitivity between IEF and IIEF in
the detection of paraproteinaemia illustrates the major
drawback in using IEF without immunofixation., This is
particularly relevaht in considering IgA,IgM,IgD and to a
certain extent free light chains. On the occasions on
which these paraproteins are obscured by the serum
proteins using IEF, either a change ir the pH gradient
generated by the ampholytes or the use of immunofixation
is required to visualise the paraproteins properly. It is
apparent, however,that only detection of monoclonal IgD
paraproteins by IEF is affected to such an extent that the
sensitivity of IEP is a2lmost equivalent to that of IEF.
All other classes which are normally affected by the-
obscuring effects of serum proteins are still visible down
to a greater dilution using IEF than was found possible

using IEP.

These obscuring effects can be circumvented by
precipitation of the immunoglobulins by either’SO%
saturated ammonium sulphate or 18% w/v sodium sulphate
before fixing with TCA, This procedure will remove many of
the interfering proteins. The sensitivity can also be
increased by using a2 restricted pH gradient, which
provides greater separation of the paraprotein from the
other serum proteins and greater spreading of the
polycl;nal immunoglobulin,

The cases illustrated in Figure 1¢,19,20 and 27 and
the data in Table 2 show the value of IIEF in the
detéction and identificaticn of paraproteirs., With regard

to Figure 27, it is acknowledéed that patients with
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malignancies involving abnormalities of light chains only
have poorer prognoses and shorter remission times than
those with malignancies involving complete immunoglobulin
molecules (Hobbs,1971; Durie & Salmon, 1980). If the
original laboratory procedure’ of reviewing such patients
at 3 month intervals until' the abncrmality could be
characterised by immunoelectrophoresis had been followed,
then confirmation of a potentially significant light chain
abnormality woulc have been delayed for an unacceptably
long period. In this case, a period of 10 months elapsed
after the confirmation, by IIEF, of the presence of free
kappa light chains before the concentration of the
paraprotein had risen to a degree sufficient for it to be

characterised by routine IEP.

Hobbs (1971) estimated that a paraprotein could first
be detected (presumably by zonal and
immunoelectrophoresis) when about 20g of tumour tissue was
present in a 70k g patient, this
figure representing around § X 10q “tumour cells. The
above case shows that IIEF can detect a paraprotein when
the concentration is lower and the tumour load smaller.
Thus, if as Hobbs(1971) suggests, the concentration of
monoclonal immunoglobulin is an indicator of tumour mass,
the usé of IIEF would make it possible to detect a primary

monoclonal gammopathy at a much earlier time.

In the case illustrated above, the patient developed
sy mptomatic myeloma, but this need not always occur after

the demonstration of paraproteinaemia, This is illustrated
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in Figures 20 and 29, where the presence of a paraprotein,
as yet, has nct heralded E cell malignancy. In these
cases, the paraprotein concentrations have remained fairly
constant over a period of years. Kyle (1982) ncted that
monoclonal gammopathy of undetermined significance is a
relatively common problem and that long term follow up of
these patients is essential as some patients do go on to-
develop myelomatosis, This thesis suggests that IIEF is
the method of choice for this purpose because of its
ability to detect a paraprotein when its concentration is
still relatively low and the possible tumour load is
smaller. Kyle found that the only reliable way to
distinguish between monoclonal gammopathy of undetermined
significance and myeloma was serial measurement of
paraprotein concentrations, where an 1increasing
concentration of monoclonal immunoglobulin often Heralds
the onset of malignant disease (Kyle 1682). Other methods
which attempt this distinction are reported regularly,
most notable of these being a plasma cell labelling
index(Greipp & Kyle, 1979), measurement of serum beta-2-
microglobulin levels (Norfolk et al 1980) and enumeration
of immunoglobulin secreting cells in peripheral blood
(Schimuzu et al 1980,1982)., Until a method is devised
which finds wuniversal acceptance and which reliably.
distinguishes between monoclonal gammopathy of
undetermined significance and pre~-clinical myelomain a
single blood specimen, IIEF will have a large part to play
in monitoring both of these states. The need for a
distinction between the benign and the malignant course of

a monoclonal gammopathy is well illustrated by the IIEF
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data obtained from the 200 individuals over the age of 45
whose sera were screened for the presence of monoclonal
gammopathy.,. Previous reports using conventional
electrophoresis indicate that the incidence of
~ paraproteinaemia in a normal population is 1-2%. Axellson
et al (1966), in a study involving 6995 normal Swedish
subjects over the age of 25, found the prevalence of
paraproteinaemia to be 1% In another study of 1200 pecple
over 50 years old, the prevalence was placed at 1.25%
(Kyle et al 1972). The results shown here indicate that
the apparent prevalence of monoclonal gammopathy of
undetermined significance increases when more sensitive
techniques are useds A factor which influences the
possible usefulness of IIEF is the observation that
treatment for monoclonal gammopathy is not indicated.
Brossel & Meyrier (1979), in a study of 13 patients with
non-haematologic solid tumours but with supervening
monoclonal gammopathy of undetermined significance, noted
that 11 showed no redﬁction in paraprotein concentration
when subjected to radiotherapy and chemotherapy known to
be effective against B cell neoplasia, thus suggesting
that these monoclonal gammopathies do not resbond to
therapy, if reduction in concentration is the judgement
criterion. So,'the only effective means of distinguishing
the benign from the malignant coﬁrse is by measurihg serum
paraprotein concentrations in serial samples, but ic may
be of great benefit if this can be accomplished at an
earlief stage, ie. when the paraprotein concentrationis

lower and any possible malignancy smaller irn size.
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It is clear from these results that the incidence of
detectable paraproteinaemia in subjects over 45 years is
much higher when IEF is used, than reported incidence
figures using‘conventional techniques., These reported
figures, being fairly constant at around 1-2% of the
population(KyleJ972)ére in agreement with theresults
reported here using these methods, whereas 11% af people
without history of E ce}l neoplasm had clearly detectable
parproteinaemia by IIEF. This greater sensitivity may have
important implications for patient management. First, IIEF
could be used to identify individual subjects who can be
monitored for signs of E cell neoplasm. Secondly, the
detection of paraproteins at lower concentrations than
fcrmerly possible means that the clone of cells
responsible for paraprotein production is smaller when
detectable by IIEF than was possible using conventional
techniques.,. The paraprotein concentration can be
quantified using this technique and,in conjunction with
the ability to detect low levels of paraprotein, this
could be of considerable value in the early detection of
malignancy. It would be of great interest to follow the
subjects with monoclonal paraproteinaemia to test whether
IIEF does indicate the onset of malignancy when the tumour

loacd is smaller.

There is no clear correlation in this study between
paraproteinaemia and sex in the same way as there is an
association between myeloma and male subjects (Blattner
1980)., Both sexes seem to be equally affected by

paraproteinaemia in the normal populaticn. Also in
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contrast to myeloma, the occurence of monoclonal
immunoglobulins shows no age dependance, although it is
not possible to rule out small differences which could
only be detectable in a larger population. The relevance
of these observations to the aeticlogy of myeloma is
uoclear without knowledge of whether any of the people

with monoclonal gammcpathy will cqvelop myelomatcsis.

The other major finding in this study is that 12% of
the population had serum oligoclonal immunoglobulins.
Kreth and Williamson (1973) showed that the normal immune
response is the product of 2 large number of responding
lymphocyte clones and normal serum immunoglobulin is too
heterogeneous for the individual clonal products to be
.resolved, even by IEF (Williamson et al 1973). Only when a
small number of dominant clones outgrow the remaining
population of plasma cells can individual clonotypes be
detected. This would appear to be the case in those
subjects with oligoclonal bands. Monoclonal and
oloigoclonal IEF spectra have been observed in autoimmune
di seases such as Hashimoto's Thyroiditis (Stott,McLearie
1985), systemic lupus erythematosus (Nye et al 1981) and
multiple sclerosis (Siden et al 1978), but their occurence
in normal individuals raises the question of their origin.
If an antigenic challenge is respomible for theso bands ,
its origin is unclear although similar restricted responses
have been induced in rabbits following immurisation with

some bacterial polysaccharides(BraunAiq?i)a

After the initial distinction between the benign and
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malignant course, a patient developirng myeloma can be
treated and may move into alremission period in which the
paraprotein concentration remains fairly constant over a
period of time (Durie & Salmon, 1978). This is a plateau
state in which the number of neoplastic cells entering the
clone is equal to the numbers removed by chemotherapy or
localised radictherapy. Currenf treatment of myeloma would
seem to aim for a reduction in the level of this plateau
state, and depending on how successful this treatment is
the paraprotein may "disappear" from the serum during this
remission phase (Alexanion et al 1978; McElwaiﬁ7:g82),
when judged by conventional techniques. In most remission
patients however, the isotype of the paraprotein is not in
doubt and is detectable throughout the remission and
relapse phases of the disease; but in those patients who
respond with an apparent co mplete disappearance of serum
paraprotein, a more sensitive method of detection is
obviously desirable. This thesis has shown that in such
patients, IIEF can still detect a substantial proportion
of the paraproteins present in the serum, but undetectable
by both conventional immunoelectrophoresis and
immunofixation of a zonal strip. The implication from this
work using IIEF is that the course of the disease as
assessed by monoclonal immunoglobulin concentration in
serum, can be folldowed in these patients for longer
periods during the remission phase than was previously
possible. Then, when the inevitable relapse occurs in
these patients, IIEF should be able to detect this before
it becomes apparent after the detecticn of the paraprotein

by conventional techniques.
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As well as being able to detect low concentraticns of
paraprotein in the serum of patients whose disease is
characterised by the presence of secreted immunoglobulin,
IEF may be of value in assessing the response to treatment
in some cases of "non-secretory" myeloma. In approximately
1-2% of cases of multiple myeloma, conventional techniques
fail to detect the presence of either a serum-or urinary
paraprctein(Hobbs }969). These non-secretory variants
appear to be unusuzlly aggressive with a median survival
of only 7 months reported in one series (Azar 1972), with
this poor prognosis confirmed by other authors (Hobbs
1971; River et al 1972; Bartolini et al 1980). The
apparent absence-of a detectable paraprotein in these
cases removes one of the most important means of assessing
response to treatment. The explanation for the absence of
a secreted paraprotein in concentrations large enough to
be detectable by conventional techniques, has been the
subject of some debate, In some cases, the presence of
intracellular immunoglobulin in the neoplastic, 6 cells has
been demonstrated by immunofluorescence (Hurez et al,
1970; Arend & Adamson,1974), with homogenates of the
neoplastic cells having a monoclonal immunoglobulin
demonstrable by electrophoresis (Whicher et al,1975). This
suggests a failure in the secretion process rather than a
failure in production. The mechanism %or this failure is
not known, al though explanations such as anatomically
disordered secretory appareatus and failure of the
glycosylation that normally accompanies immunoglobulin
secretion have been postulated (Mabry et al, 1577). The

finding of amyloidosis in one case of "non-secretory"
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myeloma raised the possibility that, in some cases, the
malignant cells may secrete immunoglobulin in quantities
too small to be detected using conventional
electrophoretic techniques. The detection of a small
paraprotein in the case described in this
~thesis may lend support tc the view that a limited
secre tory ‘capacity is inherant in some of these cases.
Mabry et al (1977) demonstrated "in vitro" that secretion
of paraprotein did take place, but only to a limited
extent, however. Their data suggested that a block at the
Golgi apparatus level which was perhaps related to
glycosylation and which prevented secretion to its fullest

extent,

A report by Cereda et al (1982) highlights one of the
difficulties associated with "non-secretory" myeloma. In
the case they discuss, a mistaken diagnosis of breast
carcinoma was made on a patient, partly on the basis that
biochemical markers for myeloma were zbsent ie. there was
no detectable serum or urinary paraprotein., Eventually, an
Igh lambda paraprotein was identified using conventional
techniques after which treatment for myeloma was
instigated but the patient subsequently developed
neutropenia and died. It is possible that IIEF could be of
help in providing a prompt and definitive diagnosis in
such cases., The results presented here suggest that a
diagnosis of myeloma cannot be ruled out because no
evidence of paraproteinaemia or pareaprcteinuria is
available after the application of routine electrophoretic

techniques. Similarly, "non-secretory" myeloma should nct
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be diagnosed without recourse to more sensitive
techniques. It is possible that IIEF, in addition to
confirming the secretcry capacity of the disease in some
cases, may alsooffer ameans of assessing the response to

treatment,

In additicn to multiple myeloma whether it involves a
secreted product or'not, other related disease3 may
benefit from the application of IIEF, Although multiple
myeloma is the usual mode of presentation of plasma cell
dyscrasias, on occasiocn plasmacytomas can develop singly
or remain solitary,either in the bone marrow, in which
site the disease is classed as a solitary medullary
plasmacytoma or in soft tissue (extramedullary
plasmacytoma). Thus, these diseases are élosely related
with the majority going on to develop symptomatic multiple
myeloma., Those patients developing myeloma may do so
shortly after an initial diagnosis of solitary
plasmacytoma (Bataille 1682)., It is clear then, that
effective monitoring of the cdisease state is required to
distinguish between patients who will subsequently develop

di sseminated disease/those whose plasmacytomas will remain

solitary for long periods.

Alexanion (1980) estimated that 55% of solitary
plasmacy toma cases had detectable paraproteinaemia, whilst
Bataille et al (1981) reviewing 114 cases said that 25%
had a serum monoclonal component, although he later noted
that this was probably an underestimate (Bataille 1982).

He also noted that the serum monoclonzl immunoglobulin
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levels were low at 1.5g per cent in serum with these
paraproteins "disappearing" after surgery and/or radiation

therapy.

The increase in sensitivity that is seen with the use
of IIEF is of value both in confirming diagnosis and
monitoring the effectiveness of treatment of solitary
plasmacytoma. In six of the seven cases described earlier,
conventional electrophoretic techniques.were of limited
value both in terms of aiding diagnosis and monitoring
either the future dissemination of the disease or the

response to treatment,

Assessment of dissemination of the disease is of
particular importance, as most patients with solitary
plasmacytoma develop multiple myeloma. In the same way as
IIEF may be of value in determining a benign or malignant
course by monitoring paraprotein concentrations in
monoclonal gammopathy of undetermined significance and
also by early detection of relapse of multiple myeloma,
the technique may detect dissemination of solitary
plasmacytoma before it is possible using conventional

techniques.

As shown in this thesis, Bence-Jones protein can be
detected both in the serum and urine of myeloma patients
and also, in the.case illustrated earlier in ﬂhe serum of
patients with solitary plasmacytoma by IIEF, It is cleear
from previous work thét Bence-Jcnes protein can be a
- useful and important tumour marker (Perry & Kyle 1975).

The neoplastic cells in myeloma, in addition to secreting
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intact monoclonal immunoglobulins,Aoften produce an excess
cf monoclonal free light chazin or Bence-Jones protein,
which can be detected either in the serum or urine of
affected patients. It has been suggested recently that in
myeloma, a reduction in the concentraticn of Bence-Jones
protein in the urine may indicate the onset of a remission
period some time before.,there is a corresponding decrease
in the intact monoclonal immunoglobulin in the serum
(McLaughlin & Alexanion 1982). When the Bence-Jones
protein concentration in the urine falls it becomes
increasingly more impractical to measure, as this often
necessitates concentration of the urine up to 300 times.
Furthermore, analysis of free light chains in serum by
routine electrophoresis is of limited value as they may be
present in low concentrations or be masked by the intact
monoclonal immunoglobulin. McLaughlin & Alexanion (1982)
found that a proportion of patients responded to
chemotherapy with complete elimination c¢f Bence-Jones
proteinrn from the urine. This left a gap in treatment
monitoring before the monoclonal 1immunoglobulin
concentration in serum began to fall. This thesis

described an experiment which may help fill that £a P

From this work, it is clear that serum Bence-Jones
protein is detectable in a substantizl majority of cases
and at a similar incidence to that of Bence-Jones
proteinuria; The estimate of the incidence of Bence-Jones
proteinuria of 64% by IIEF is in broad agreement with
other estimates using different technigques of 50-80%

(Kyle,1975; Solling et al, 1982; Hobbs, 1975). This wide
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rangé probably reflects some of the difficulties involved
in the detection of Bence-Jones protein in urine after
chemotherapy has been instigated (MRC Working Party 1984).
Before the development of more sensitive technigues such
as IIEF, there was no advantage to monitoring Bence-Jones
proteinaemia as this was detectable in fewef patients than
Bence-Jones proteinuria usirg conventicnal techniques. The
results shown in this thesis have reversed that situation,
as Bence-Jonés protein was found to be detectable by IIEF
in the serum of 68% of the cases stucied compared with 64%
of the urine samples., It is also important to note that in
no casewasBence-Jones proteinfound to be present in the

urine without its being detectable in the serum.

These results indicate that it may be useful to
moni tor serum Bence-Jones protein levels in addition to
the urinary levels throughout the treatment, remission and
relabse phases of multiple myeloma. There would be certain
practical advantages to measuring serum levels in addition
to urinary levels. First, random urine samples may not bte
representative of total excretion, even when related to
creatinine (vide infra) and 24 hour urine collections can

sometimes be difficult to obtain if the patient is not
.confined to hospital., Large collections of urine are also
difficult to preserve., If, as is the.practice in some
léboratories, random unpreserved urines are used,
unreliable results may be obtzined as a result of
bacterial degradation. Urines are often concentrated 100-
300 times before analysis and losses during this procedure

can introduce a significant error into the final value for
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the concentration of Bence-Jones protein. If the
concentration procedure is not entirely accurate, then
.both over and underestimates of Beﬁce-Jones protein
concentrations can result. Further concentration of urine
to 500 times is sometimes'possible depending on the
general ievel of préteinuria, but the possible errors from

.this concentration step may be.-further compounded.

Measurement of serum Bence-Jones protein levels would
obviate these difficulties to a great extent and
importantly, would mean that successive serum samples
taken throughout the disease could be compared directly
with a great deal more confidence aqd reliability than is
possible using urine samples with their attendant

difficulties.

In addition to multiple myeloma involving intact
immunoglobulin molecules with excess free light chains,
cther possible areas of application of the measurement of
serum Bence-Jones protein levels would be Bence-Jones
myeloma in which monoclonal free light chains are the only
neoplastic product, or idiopathic Bence-Jones gammopathy
(Kyle,1982). If in these circumstances, urinary Bence-
Jones protein is undetectable using conventional
techniques, IIEF could be used to measure serum and
urinary Bence-Jones protein concentrations. Indeed, with
regard to these diseases, Durie (1982), in discussing the
utility of measuring serum beta-2-microglobulin levels as
a means of assessing the response to therapy, observed
that it is much more convenient to measure these levels

than to measure total Bence-Jones protein excretion in 24
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hour urine collections., The results reported here suggest
that measurement of serum beta-2-microglobulin levels may
not be required simply as an alternative to urinary Bence-
Jones protein estimation as serum Bence-Jones proteih
levels could be measured by IIEF. Cuzick et al (1985), in
a study involving 674 multliple myeloma patients, found
that measurement of serum beta-2-microglobulin levels was
an important prognostic factor on presentation and a
report by Crawferd (1988) drew attention to the
importance of serum celcium levels as a prognostic and
monitoring feature in myeloma. So, it is clear that the
range of information available from tests on serum

parameters is becoming wider and more dependable,

Renal function is a major complicating factor in the
assessment of the relationship between bBence-Jones protein
levels and tumour mass. Urinary Bence-Jones protein
represents that protein which has escaped catabolism or
reabsorption by the tubular cells of the kidney. Mogenson
& Solling (1977).showed that more than 95% of glomerul ar
filtered free light chain is normally reabsorbed by the
tubular cells, whilst McLaughlin & Alexanion (1982)
estimated that renal catabolism of free light chain can
exceed 30g/day. Thus, it seems likely that decreased
concentrations of urinary Bence-Jones protein may reflect
an improvement of renal function with the effects of
therapy upor the tumour being obscured by this. Some
laboratories report Bence-Jones protein in terms of amount
excreted per mg of creatinine, but Bence-Jones protein

concentration : creatinine ratios does not solve the
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problem of allowing for changes in renal function as it
has been shown that clearance of Bence-Jones protein is
inversely proportional to creatinine clearance in myeloma

patients (Fermin et al, 1974).

In addition to renal function, the second major factor
which governs the secretion and excretion of Bence-Jones
protein is chemotherapy. McLaughlin & Alexanion (1982)
suggested that following chemotherapy, a decline in the
serum monoclonal immunoglobulin concentration was a better
index of tumour mass than the "disappearance" of urinary
Bence-Jones protein as the disappearance of the latter may
not correlate well with the total Bence-Jones protein

production.

In view of these problems with interpretation of
levels of Bence-Jones protein in urine, this study
suggests that measurement of serum Bence-Jones protein
levels may be added to the 1ist of para meters that can be

usefully measured in myelomatosis.
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IV ¢ Quantitation of paraproteins

Quantitation of serum paraproteins is normally
carried out either by single radial immunodiffusion
(Mancini et al 1965), or by densitometric scanning of a
zonal electrophoretic strip., The fcrmer technique suffers
from the disadvantage that it does not discriminate
between the paraprotein anc the polyclonal immunoglobulin
which may be present, thus introducing errors when
paraprotein concentrations are low in relation to the
polyclonal immunoglobulins, Zonal electrophoresis is
somewhat better in this respect, but its resolution and

sensitivity are inferior to IEF as this thesis has shown.

This study has demonstrated that it is possible to
quantify accurately, the concentration of paraproteins in

serum andurine by IEFand IIEF.

Accurate quantitation of monoclonal immunoglobulins is
an important aspect of the laboratory investigation of
patients with B cell neoplasia, such as multiple myeloma,
where the paraprotein concentration is believed to bear a
direct relationship to the size of the tumour
(Hobbs,1971). Results reported earlier shown that IEF and
ITEF are much more sensitive (10-40X) than conventional
ele;trophoretic techniques for the détection of
paraproteins., This work has been exﬁended by the
demonstration that the same techniques can be used for the
accurate quantitation of paraproteins at both nigh and low

concentrations ( <1mg/ml to >2bmg/ ml depending on the
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immunoglobulin class). In the latter case, quantitation is
possible when the tumcur size is smeller than allows
detection of & paraprotein using convenpiohal techniques.
The figures in Tables 9a and 9b describe results from a
system which quantifies paraproteins to within 1C-15% of
the calculated concentration obtzined by scenning
censitometric analysis of a zonal electrophoretic strip.
However, the major advantage of using this system is its
sénsitivity. It can quantify parasproteins over a wider
concentration range than was formerly possible using
standard techniques, and as a consequence; represents a
major advance in the monitoring of secretory B cell
neoplasia. There appears to be little difference in
accuracy between the use of IEF and IIEF as aguantitative
technique, The use of IEF would be preferable for all
classes as it involves fewer steps and therefore less room
for error, but the problems set by paraproteins such as
IghA or Igk can be successfully overcome using IIEF. The
major technical inconvenience of the use of IIEF in this
way, is that to construct standard curves using antibody
overlay, it is necessary to achieve complete precipitation
of the paraprotein standards by the antiserum; This factor
tends to reduce the upper concentration limit which can
be used and it becomes necessary to find the dilution of
the test sanmple which gi&es full precipitation cf the
paraprotein, but which zlso gives an absorbance falling
within the range set by the standards. IEF does not suffer
from this inconvenience. Its only limiting factor, and one
Wwhich affects IIEF in some cases, is that the dye binding,

and hence optical density, is nct always linear with
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respect to paraprotein concentration. Nevertheless, the
fact that paraprotein dilutions with differing
concentrations give equivalent results over the full range
of these curves means that this handicap is easily

overcome,

How ever, Ehe alternative technique using zonal
electrophoresis suffers similar and sometimes more severe
drawbacks, First, the lower sensitivity of the technique
restricts the paraproctein range over which measurements
can be made, the minimum concentration being dependant
upon the relative concentrations of the paraprotein and
polyclonal immunoglobulins, Secondly, paraproteins may
occur in the Beta region and can be obscured by the Beta
proteins. IgA is particularly affected by this, al though

most other paraprctein classes can migrate to this region.

The test samples in this study were chosen at randon,
ie, they were not chosen because they were easy to
quantify wusing any particular method, However, some
samples contained paraproteins which, while detectable and
quantifiable using IIEF, proved to be undetectable using
zonal electrophoresis, whereas the reverse did nct occur.
This further illustrates the potential value of IEF and
IIEF for the detection and quantitation of paraproteins.
The greater sensitivity of IEF and IIEF may mean that the
distinction between monoclonal gammopathy of undetermined
significance and myeloma can be made when the tumour load
is smaller., The only accepted method which makes this

distinction is serial measurement cf paraprotein
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concentration over a pericd of time (Kyle,1982). Thus,
because IEF can detect lower concentrations of serum
paraprotein than 1is possible using conventional
electrophoretic techniques ,the technique may have an
important role to play irn distinguishing a benign from a
malignant course at an earlier stage than was formerly

possible,
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IV d Hodgkin's Disease and Non-Hodgkirs Lympnhona

The occurence of abnormal imimunoglobulin
configurations in KNon-Hodgkin's Lymphoma and Hodgkin's

Disease are also illustrated in this thesis.

Paraproteinaemia is well documented in Non-Hodgkin's
Lymphoma (Alexanicn 1975); but the situation is much less

clear with regard to Hodgkin's Disease.

The results reported here describe studies on 9
rFatients with Hodgkin's Disease.The sera of 5 of these
contained qualitative immunoglobulin abnormalities such as

paraproteinaemia or oligoclonal immunoglobulins.

The cellular origin of the neoplastic cells in
Hodgkin's Disease is still z matter of controversy. A T
cell origin has been proposed on the basis of
abnormalities of cell mediated immunity in Hodgkin's
Disease and the observation that the disease infiltrates
in partially involved lymph nodes are often localised to
thymic dependant paracortical regions. In
addi ticn,Hodgkin's Disease tumours have been reported to
contain cellswith a T lymphocyte phenotype ( Kaur et al
1974; Ainsberg & Long 1975; Gajl-Peczalska et al 1976 ).
In contrast, a number of investigators have presented
evidence suggesting a B cell origin., Thus, both surface
and cytoplasmic immunoglobulin have observed in the
neoplastic cells prepared from lymph nodes and spleen (
Leech 1973; Payne et al 1976 ). In some cases, the
cytoplasmic immunoglobulin appears to be monoclonal in

nature( Garvin et al 1974 ), however, most immunoglobulin
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within the neoplastic cells is polyclonal (Anagnostou et
al 1977;Taylor 197T4) and has been reported in association
with albumin and alpha-1-antitrypsin (Poppema et al 1978).
Therefore, it has been concludec that the cytoplasmic
imnunoglobulin is more likely to be of external crigin
rather tnan endogenously synthesised protein. Other
workers have suggested a histiocytic origin for the
neoplasfic cell. This is supported by the finding that a
cell line derived from splenic Hodgkinrn's Disease showed
macrophage like features such as lysozyme secretion
(Kaplan & Gartner 1977). However, an established cell line
described by Roberts et al(1978), whilst showing the
capacity to phagocytose and strong non-specific esterase
staining, failec to show the ability to secrete lysozyme,

A lyuphoid dendritic cell origin was proposed by Diehl et

al (1982)

These data underline the uncertainty regarding the
cellular origin of Hodgkin's Disease, but the
demonstraticn here of two Hodgkin's Disease patients with
paraproteinaemia may support the hypothesis that a B cell
is responsible. This is further supported by the
demonstration of mcnoclonal IgM in the cytoplasm of
circulating Hodgkin's leukaemic cells (Linch et al 1985)
and zl so the observation.that a monoclonal zrntibody raised
against L428 Hodgkin's Disease tissue culture cell line,
whilst not stairing cells in a total of 14 Non-Hodgkin's
Lymphoma(B cell type) , stained 7 EBV positive

lymphoblastoid cell lines (Hecht et al 1985).
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There are few previous reports of serum paraproteins in
Hodgkin's Disease and there are a number of possible
explanations for their presence in these cases, First,
they could be monoclonal gammopathies of undetermined
significance_with no direct connection with the disease.
This is probably the least likely as the patiepts were
much younger than thoée in which incidental monoclonale
gammopathies would be anticipated. Secondly, these
abnormalities could have arisen as a result of & secondary
lymphoproliferative disorder occuring due to
immunosuppression as a result of therapy for Hodgkin's
Disease ; eg. the association between Hodgkin's Disease
treated with chemo- and radiotherapy and Non-Hodgkin's
Lymphoma is well documented(Zarrabi & Chandor 1983). The
presence of monoclonal gammopathies in Non-Hodgkin's
Lymphoma is well known(Alexanian 1975) and this could
account for the presence of the paraproteins in these
cases. This observation makes anti-idiotype studies on
these patients of great interest. Thirdly, both the
monoclonal and oligoclonal immunoglobulins in these
patients may have resulted as a direct consequence of
therapy affecting the B lymphocyte stem cells..Therapy may
have left a restricted number of clcnes functional which
would mean that these clones would become dominant and
their immunoglobulin products woulc become distinguishable
by IIEF. There may be a decreased capacity for immunclogic
surveillance by natural killer cells (Livnat et al 1980;
Dent et al 1966), as a direct result of immunosuppression
by the disease itself (Stites et al 1984) thus allcocwing

certain B cell clones to become dominant in those patients
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with oligoclonal immunoglobulins. Their dominance has
perhaps not reached a stage at which their products are
detectable ih every case by routine electrophoresis. The
fourth and most interesting possibility, is that the
paraproteins are irdeed being produced by the neoplastic
clone. As this would be of considerable importahce for
understanding the pathogenesis of Lkodgkin's Disease, it
would be important to confirm the cellular origin of the
paraproteins by analysing their idiotypic specificity and
determining their presence in tissues. In addition, if the
neoplastic clones were shown to be the source of the
paraproteins, then this could have important implications
for tumour specific immunotherapy. Hodgkin's Disease might
be particularly amenable to anti-idiotype immunotherapy
because of the relative paucity of the neoplastic cells in
effected lymph nodes where reactive inflammatory cells

make up the majority of the cellular infiltrate.

It is clear from the results reported here and other
published works that the origin of the neoplastic cell in
Hodgkin's Disease is still obscure and that much work on

this topic is required.
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- IV_e Chronic Lymphocytic Leukaemia

Chroric lymphocytic leukaemia was established as a B
cell tumour in the early 1670's (Papamichail et al,1971;
Wilson and Nossal,1971). Shortly after this it was shown
to be a monoclonal proliferation of B cells by surface
membrane immunoglobulin (SmIg) studies. The SmIg on the
proliferating cells was shown to have iggtype restricticn
with regard to heavy and light chain immunoglobulin types
(Gréy et al,1971;, Preud'homme & Seligméﬁn, 1972b); the.
same idiotype specificity (Fu et 2al,1974; Salsano et al,
1974; Schroer et al,1974); the same antigen binding
specificity (Preuc'homme & Seligmann, 1972a). These

findings reflect identical varicble regicns of the Smlg.

The density of the surface immunoglobulin on CLL B
cells is often lower than that on normal peripheral blood
lymphocytes (Ternynk et al, 1974). This has contributed to
the belief that the cells were at an early stage in their
differentiation pathway. However, a wide range of Smlg
isotypes can be found on CLL B cells and this would tend
to argue that the maturation block in this. disease is
poorly defined and to place CLL B cells in the "early" b
cell category is to ignore the existence of CLL clones
secreting IgG (Fr¢land & Natvig,1972) and IgA (Preud'homme
& Seligmann 1972b). Indeed, a mass of evidence has been
accumul ated supporting the ;oncept of an incomplete
maturation block in CLL., Severzl patients have been found
to have two distinct lymphocyte populeaticns as identified

by SmIg studies (Shevach et al, 1972; Seligmann et al
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1973). One patient with an IgG lambda parzprotein present
in the serum was found to have 3 distinct populations of
lymphocytes as assessed by SmIg. The first was a
population of small lymphocytes with cytoplasmic mu chains
and SmIgM lambda, The second was lymphocytes with no
cytoplasmic mu but with SmIgG,M and lambda. The last was
lymphocytes with SmIgG lambda. The patient alsoc had some
plasma cells with cytoplasmic IgG lambda. No idiotype
studies were done on this patient, but there is a strong
suggestion from these studies that the neoplastic cell
populaticn was heterogeneous with some clonal maturation
from the original mu lambda to IgG lambda secreting cells
(Preud'homme & Seligmann 1972b)..ﬁudders & Ross (1975)
took this reasoning further when they described an isotype
switch mechanism from IgG tc IgA synthesis in CLL
lymphocytes. The patient concerned had lymphocytes bearing
SmIgG kappa or SmIgA kappa with a monoclonal serum IgG
kappa paraprotein. An anti-idiotype antiserum was raised
against the serum paraprotein which was shown to react
with both the IgG and IgA bearing cells. Such transitions
from IgM to IgG and from IgG to IgA secretion are
characterised by a change in the Cy gene withéut changing
the ¢, ,V, .or V_ genes and have been describted for

plasma cells in myeloma (Wang et al 1970).

SmIg studies have been used therefore to provide
evidence both for and against a block in maturation
occuring at an "early" B cell stage. Almost all CLL B
cells are reported to carry SmIgMM with many also carrying

SmIgD (Seligmann et al,1973; Preud'homme et al, 1974; Han
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et al, 1662). In addition, it has been reported that IgM
and IgD are the only classes cf mcnoclonal immunoglobulin
to be detectable in the cytoplesm of the neoplastic cells
(Han et al, 1982) thus arguing that the cells are
immature. The results reported here show this latter
statement to be mistaken. The range of SmIg and
cytoplasmic immunoglobulin isotypes from different
patients make the arguments that the differéntiation stage
is related to the SmIg class and that CLL cells have the
properties of early immature B cells untenable, 1if
considered together, Johnstone (1982) reviewed CLL and its
relationship to normal B cell lymphopoiesis and concluded
that to accomodate most of the arguments, some evidence
had to be placed to one side., Bearing in mind the
fundamental nature of the evidence that must be placed to
one side to accomodate the view that CLL B cells are
blocked at an immature stage, this would seem an unwise

course,

As well as cytoplasmic and SmIg studies, other
evidence has been collected which suggests that the
maturation block in CLL is incomplete. For example, it has
been shown that CLL cells "in vitro" secrete both intact
19S5 IgM (Stevenson et al,1980) and free light chains (Tutt
et al,1983), with some patients having a serum paraprotein
demonstrable by conventional electrophoresis (Fu et al,
1979). These latter cases were regarded as intermediate
between the common "non-secretory" form of CLL with a
complete maturation block and Waldenstrom's

Macroglobul inaemia, a disease in which the lymphoic cells,
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ranging from small lymphocytes to plasma cells, belong to
the same B cell clone synthesising a SmIg identical to the

serum paraprotein (Preud'hiomme & Seligmann,1972c)

However, despite the demonstfation of "in vitro"
secretion of IgM by CLL lymphocytes, it still proved
impossible to demonstrate the presence of serum
paraproteinaemia in any more than 5-10% of cases
(Alexanion,1975; Zlotnick & Robinson, 1970G). It
is,however, possible that the apparent absence of serum
paraproteinaemie in CLL may be a function of the
sensitivity of the technique used to detect them rather
than a failure of the cells to secrete immunoglobulin.
This thesis ,as well as other published works (Deegan et
al, 1964; Qian et al, 19864), has shown that this is indeed
the case, The results presented here form one of the
largest studies as yet undertaken into the incidence of
serum paraproteinaemia in this disease using sensitive
techniques. The 61% incidence reported here shows that
earlier studies using conventional techniques had
underestimated the incidence of serum peraproteinaemia in
CLL by a considerable margin (Sweet et al, 1977).
Recently, Qian et al (1964), used affinity chromatography
to extract serum IgM from 9 patients with CLL and after
concentration of the IgM to 1 mg/ml, i; was then subjected
tg zonal eiectmphoresis. Paraproteins were evident in all
9 cases., Deegan et al (1984) using a similar agarose
electrophoresis system screened a total of 36 patients
whole serum and urines for evidence of paraproteins and

found the incidence of serum paraproteinaemia to be 42%.
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These studies confirm the results reported here and they
all serve to underline the importance of sensitive
techniques to detect this phenomenon. Technical fzctors
may account in some ways for the apparent differences in
detectable incidence figures, For example, if IgM was
purified from the sera described in this thesis as
described by Qian et al (1984), and subjectedsto IIEF then
it is likely that the incidence figure would rise
considerably from its present 61%, because as shown
earlier, the sensitivity of IIEF is greater ﬁhan that of
zonal electrophoresis. However, this type of operation is
time-consuming and if paraproteinaemia is to be measured
as a means of assessing the response to conventional
therapy for example, then measurements on whole serum
would be much more convenient and more meaningful. This
greater sensitivity of IIEF compared to zonal
electrophoresis is almost certainly the main factor in the
difference in detectable incidence between the results
reported here and those of Deegan et al (1984)., A second
factor which may influence the detectable incidence
figures 1s the clinical stage of the disease. A
significant correlation between increasing Severity of
disease as as§ased by Rai stage and paraproteinaemia as
detected by IIEF was observed in the patients reported
here, Qian et al (1984) gave no details of the Rai stage
df their patients and Deegan et al (1984) did not show any
such correlation in their study, although they noted that
paraproteins were present in patients of all stages but
more frequently in patients with advanced disease. The

patient groups in this latter study may have been too
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small to allow recognised statistical methods to be used.

The process of B cell differentiatioh towards plasma
cells requires that the éells secrete immunoglobulin,
therefore secretion df immunoglobulin can be taken as a
marker in the maturation process. As this thesis has
shown, &along with the other works mentioned, secretion of
immunoglobulin by the neoplastic cells in CLL is a
relatively common occurence. Bearing in mind the range of
paraprotein isotypes found as well as the large range of
surface and cytoplasmic immunoglobulin isotypes noted, it
is difficult to reconcile these findings with the
hy pothesis that the neoplastic cells are "frozen" at a
relatively immature stage in differenticstion and that
maturation to secretory cells occurs only in a minority of
special cases characterised by the presence of a serum
paraprotein demonstrable by routine electrophoretic

techniques (Fu et al, 1979).

However, not only is there a wide range of paraprotein
isotypes detectable, but as mentioned previously, the
Occurence of paraproteinaemia shows a direct . correlation
with clinically advancing disease. This observation
suggests either that clonal matura;ion towards a weil
differentiated B lymphocyte with a secretory capacity is a
featuré of progressive br highly malignant disease or that
the increased incidence of parep roteinaemia simply
reflects increasing tumour bulk according to the Rai
stage. Although the degree of peripheral blood

lymphocytosis showed no correletion with detectable
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paraproteinaemia, this does not take into account the
organ involvement in the latter Rai stages. Increased
tumour bulk alope' may bring the level of serum
paraproteinaemia above the IIEF detection threshold. The
resolution of this issue would contribute significantly to
our understanding of the péthogenensié cf CLL and ﬁhe
results here underline the importance of the detection of
parapr.cteins as a marker of disease severity and

progression.

Another correlatién observed in these results is that
between the paraprotein isotypes and those of the
cytoplasmic immunoglobulin in the peripheral blood
lymphocytes of the same patient. This finding supports the
concept that the circulating paraproteins are indeed
products of the neoplastic clone as the 61% incidence of
pamproteinaemia is too high to have arisen as unrelated
events, notwithstanding the increased sensitivity of IIEF
compared with routine electrophoretic technigues.
Nevertheless, 4 patients had peraproteins which shared the
same light chain isotype expressed by the peripheral blood
lymphocytes, but expressed different heavy chain isotypes.
In some cases, the heavy chain on the only paraprotein
present was different to that expressed in the lymphocyte
cytoplasm, whilst other patients had one paraprotein
identical to that founc in the peripheral blood
lymphocytes but alsc had an additional paraprotein
expressing a different neavy chain, Theée findings are a
strong indication for the potential for clonal maturation

within the leukaemic clone.



186

The other group of patients deserving of discussion on
their own is that which had paraproteins apparently
unrelated to the immunoglobulin ,expressed in the
cytoplasm of the peripheral blood lymphocytes. There are

two possible explanations for this.

Firstly, the patients described here haa a mean age of 63
years, and it is well known that a proportion of
individuals of this age may have monoclonal gammopathies
of undetermined significance and so it is possible that
the aberrant paraproteins represent unrelated occurrences,
particulerly bearing in mind the sensitivity of the
technique.Secondly, the possibility exists that there has
been isotype switching within the light chain locus of the
CLL B cell clone, as has been described in a patient with
Waldenstrom's Macroglobulinaemia with IgM kappa and IgG
lambda paraproteins(Hopper et al, 1977). The clonal origin
of these parazproteins was established by cdemonstrating
idiotypic identity between them. Another report of double
paraproteinaemia described the occureﬁce of an IgM kappa
and an IgM lambda paraprcoteins in the serum and both
Bencedcnes kappa and lambda in the urine of 6ne patient,
The idiotypic identity of the paraproteins was not
investigated in this case, however(Schipper et al,1983).
Obviously, the application of anti-idiotype &ntiserum work
is an important aspect in determining whether or not these
paraproteins of apparently unrelated origin do, in fact
originate from the neoplestic clone. Further research into

this field is regquired.
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However, one of the most important observations to
emerge from this study is that , without exception ,
identical light chain isotypes were discovered in both the
cytoplasmic immunoglobulin and on the paraprotein., On two
occasions, a secondary paraprotein was discovered which

appeared unrelated with regard to its light chain isotype.

The anti-idictype antiserum raised against the serum
IgM lambda paraprotein in one patient reported in this
thesis may provide further evidence for a capacity for
clonal maturation. This is the first demonstration by
electrophoretic means that double paraproteins in CLL
might originate from the same clone, particularly if they

share a common light chain isotype.

The density gradient znalyses of sera from 8 CLL
patients with IgM paraproteinaemia demonstrated that the
paraproteins were mostly 19S in size. The monoclonal
nature of these 19S5 paraproteins was confirmed by IIEF and
it should be emphasised that in no case was 83 monoclonal
IgM found in isolation, thus confirming that the proteins
are actively secreted from the cells of the neoplastic
clone and do not represent an accumﬁlation bf released
membrane IgM. The demonstration of 8S and 198 monoclonal
IgM in one patient confirms-a previous finding (Qian et
al, 1984) and ,interestingly these workers could find no
correlation between the amount of 8S IgM bresent in the
serum and the degree of peripheral blood lymphocytosis and
concluded from this that the low molecular weight
paraprotein was unlikely to have arisen from membrane

turnover. Additional evidence for the 835 IgM being a
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secretory product is the demonstration that 8S IgM is not
a catabolic product of 19SS IgM (Solomon & McLaughlin,
1970). The occurence of &S monoclcnal IgM has not been
reported fn studies on the secretory capacity of
peripheral blood lymphocytes (Stevenson et al,1980), thus
suggesting that this monomeric IgM is being secreted by
leukaemic cells outwith peripheral blood. The existence
of monomeric monoclonal IgM is well documented in
Waldenstrém's Macroglobulinaemia (Stites et al, 1984),
thus adding further credence tc the view expressed by
Seligmann (Seligmann et al 1980), that there is no
essential difference between the natural histories of CLL
with associated paraproteinaemia and Waldenstrom's
Macroglobulinaemia except for those clinical symptoms
which are secondary to the presence of large amounts of
IgM in the serum ; ie., the two disease are more closely

related than previously believed.

‘The secbetory capacity of leukaemic lymphocytes is
well established (Hough et al,1976 ; Stevenson et al, 1980
; Fu et al 1974 ; Pierson et al, 1980 ; Stevenson et al,
1983 ; Tutt et al, 1983) , but the discoverj cf a high
incidence of easily detectable paraproteinaemia in CLL may
have important implications as a source of immunogen for
immunotherapy. This work. along with others (Stevenson et
al 1980) has shéwn that the procedures for the
purification of paraprotein immunogenic material and
raising anti-idiotype antiserum to it, are not technically
demanding. Furthermore, as a tumour secretory procuct, the

measurement of serum paraproteinaemia may offer an
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additicnal means of monitoring the effectiveness of
conventional chemctherapy and radiotherapy. Support fcr
this idea comes from Hatzubai et al (1981), when they
showed that the concentration of idiotype bearing cells
and free iciotype in the blood correlated with disease
activity, It is also supported by Stevenson et al (1983)
when they speculated that another tumour product,namely

urinary Bence-Jones protein may be usec¢ in this way.

This study then has shown that the majority of
patients with CLL have relatively mature immunoglobulin
secreting lymphocytes and that a proportion of these
lymphocytes may be capable of clonal maturation., These
findings argue against theories that the oncogenic event
in CLL resulted in a complete arrest in the development of
the B cells at as relztively immature stage. Rather, these
results suggest that the maturation block in CLL is either
at a more mature stage in the differentiation process or
is incomplete, thus allowing a degree of iuairaclonal
maturation leading to 2 limited secretory capacity within

the leukaemic clone.
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Cnapter V Conclusions

This work nas deﬁonstrated that many of tne
techniques commonly used for the detection and
identificetion of paraproteins are inadequate with regard
tc their sensitivity. The use of agarose isoelectric
focusing may be used to supplement or replace these
conventional techniques whén they fail to detect or
correctly identify paraprcteins occuring in B cell

neopl asia.

There are a number of ways in which this woerk may

be extended.

In the study of the "normal" populetion, it would
be of considerable interest to follow those patients with
paraproteinaemia to discover whether their paraprotein
concentrations rise, remain steady cr disappear over a
period of time, This may -indicate a role for IEF in the

initial diagnosis ctf myelomatosis.

As well as a potential aic to the dizgnosis of
myelomatésis, IEF may be of use in the detection of
relapse in patients whose chemotherspy has resqlted in the
complete disappearance of paraproteinaemia. Work 1is
currently 1in progress on myeloma patients who have
undergone "high dose Meiphalan" treatment (McElwszain,
Powies 1983) and wéose paraprotein is undetectable by
conventional techniques. IEF is being used here both as a

method of measuring residual cisease and for assessing the

relapse of the disease,

It would be of great interest to discover whether or
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not the measurement of serum Bence-Jones protein has a

practical role to play in monitoring of nyelomatosis.

With regard to further work on CLL, a study is
planned which will measure serum paraprotein
concentrations in CLL patients over periods of up to 10
y.ears. Information from this may indicate that IEF has a
rcle in the monftoring of this disease also. This
information would be more applicable if the extent of
clonal maturation in CLL was known, ie., what proportion of
the CLL B cells are responsible for paraprotein
prcduction., Furthermore, it would be of interest to
discover whether.the more mature cells responsible for the
producticn of secondary paraproteins are situated in the
peripneral blood or are restricted to the organ

involvement associated with the disease,

Finally, in the case of Hodgkin's Disease, anti-
idiotype antiserun studies woulc be required to clarify
the clonal origin of the mcnoclonal pa}aproteins
discovered in the two patients descrived here. Another
important aspect of this work would be to investigate the
cause and clonal origin of the oligoclonal immunoglobulins
in Hodgkin's Disease, ie, do they arise as a result of

chemotherapy or immunosuppression from the disease itself.,
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Appendix 1

The population of 200 individuals studied in Section
I1Ib were selected from people over the age of 45 years who
were attending the Victoria Infirmary, Glasgow for surgery
of a non—malignant nature eg. hip joint replacement. They
were selected on the basis that they had no documented
history of B cell neoplasm or autoimmune disease. The mean
age of the population was 68B.8 years (range 47-96). There

were 26 men and 104 women.

Case notes from more than 200 individuals were
consulted with Earticular regard to biochemistry profiles
suggestive of B cell neoplasm or auto-immune disease. When
abnormalities associated with these disease stztes were

reported, the affected individuals were excluded.

This population was chosen in preference to
unselected individuals of this age group, 1in order to rule
out the occurence of qualitatively abnormal immunoglobulin
profiles associated with B cell neoplasm or auto—-immune
disease. In addition, a hospital based population was
chosen because access to the detailed case histories
hecessary for the exclusion of the above disease states
were easier to obtain. Furthermore, it would be more
practical to obtain follow-up samples from individuals with
either monoclonal and oligoclonal paraproteinaemia from

this hospital based population.

Previous studies have indicated a much lower

prevalence of monoclonal gammopathy in normal populations,
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eg. 0.44% in an unselected hospital population of 183,300
1

(Adams et al 1984); 1.25% in an unselected population over

90 vyears old (Kyle et al 1972); 3% in an unselected

population of 1350 individuals aover 70 years old (Hallen

2.
1963).

The situation regarding oligoclonal paraproteinaemia
is much 1less clear with this occurring only extremely
rarely in normal serum when studied wusing conventional
techniques and being most frequently associated with the
asymptomatic presence of acetylcholine receptor
autoantibodies in the very elderly (Behan, personal
communication) or symptomatic auto-immune disease such as

Hashi moto’'s Thyroiditis (Stott, MclLearie 1985).

Without exception, studies on the incidence of
monoclonal paraproteinaemia have relied on cellulose
acetate membrane electrophoresis followed by

immunoelectrophoresis to detect and identify paraproteins.
The results reported here indicate that these techniques
are insufficiently sensitive and that use of a more
sensitive technique increases the incidence of both
monoclonal and oligoclonal immunoglobulins in these

population groups.

1. Adams R., Smith L., Pickering P.E.C., 1984
The incidence of monoclonal proteins during 7 vyears of
screening in a District General Hospital

Immunology, 51 ;3 451

2. Hallen J.,1963
Frequency of abnormal serum globulins (M components) in the aged.
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