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An antigen/antibody precipitate is obtai-
ned, using monoclonal antibodies, the monoclo-
nal antibodies (samples I or II or III or IV) being
selected so as to be specific to two distinct antige- I
nic binding sites (L or C 2 or C 3) on a protein
(1gG) in a sample under test. The proportions of
sub-populations of immunoglobulins (IgG kap- :
pa, IgG lambda) in a sample is determined by c 63 C\GZ L
reacting the sample with a combination of anti-
bodies (II and IV) both of which are specific to
the heavy chains (H) of both sub-populations °
(IgG kappa, IgG lambda) and reacting the sam- -
ple with an antibody combination (I and II) spe-
cific to said heavy chain (H) and to an antigenic r
determinant expressed by only one (IgG kappa) i
of the sub-populations. pr"-c’
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Methods Of Immuno-Analysis -] =
Using lMonoclonal Antibodies.

Technical Field

This invention relates to methods of immuno-analysis

using monoclonal antibodies. Specific antisera are widely
applied to the detection and quantitation of a target anti=-
‘gen when it is present in a complex mixture of molecules,
and many quantitative methods depend upon precipitation
resulting from the formation of insoluble antigen/antibody
complexes, In the early stages of antigen/antibody inter=
action, the inscluble complexes are of relatively small
size and are held in suspension. Several techmiques of
specific protein determination depend upon the light
scattering or absorption properties of such complexes.,
One such, automated, method is based on difference turbidi=
metric measurements resulting from the increased (apparent)
absorption properties of such complexes, held in suspension
when a polyclomal antibody interacts with a multivalent

antigen.

Backeground Art

In 1975 Kohler and Milstein (Nature, 256, pp 495.497)
~eported a method of producing monoclonal antibodies direc=
ted against a single antigenic determinant. Amongst the
adventages of monoclonal antibodies are (1) their umique
specificity and (2) their potential to allow the develop=
ment of perpetually reproducible standard reagents. ZowevaT,
since monoclonal antibodies are specific to a single
determinant, or interaction with antigen they can only
form soluSle linear complexes, rather than cross~linked
complexes which might be insoluble (precipitating).
Therefore, individual monoclonal antibodies have not
hitherto appeared to be applicable o techniques that are

dependent on the formation of insoluble immmune complexes.

It is an object of the present invention to provide a
method by means of which monoclonal antibodies may be
reacted with proteins to produce insoluble antigen/antibody

complexes that will allow the application of monoclomal
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antibodies to techniques which require formation of the
aforesaid insoluble complexes.

It is a particular object to provide a method by means
of which monoclonal antibodies may be used to assay the
total immuncglobulin population or selected immunoglobulin
sub=populations present in complex mixtures viz, serum
or other body fliuids,

Disclosure of the Invention

According to the invention a method of determining
the amount of a particular protein in a szmple comprises
reacting the sample with a combination of two moneclonal
antibody preparations which are respectively specific
to two distinct antigenic sites (determinants) on the
macromolecule of the protein under investigation, and
determiring from ihs resulting antigen/antibody complexes
formed a quantitative measure of the original protein

concentration.

In a particular embodiment of the method the aforesaid

Two monoclonal anitibodies are seliected so as To be speci=
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genic determizants o2

whereby the bindizz of zonoclionzl zmtibody So iTs

specific antigenic determinant does not interfere, spati=
ally, with the binding of the second monoclonal antibody
to the antigenic determinant for which said second anti=-

body has specificity.

In a further particular embodiment the macromolecule
comprises an immunoglobulin and the monoclonal antibodies
are selected so as to be épecific to antigenic determine
anits expressed by the light and heavy chains respectively

of the immmunoglobulin.
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In yet another embodiment the method comprises react=-
ing a sample including first and second immunoglobulin
populations with a combination of first and second mono=
clonal antibody preparations, both of which are specific
to antigenic determinants expressed on the heavy chains
of both immmoglobulins, determining from the resulting
complex the total immunoglobulin level in the sampe re=
acting the sample with a combination of said first mono=-
clonal antibody and a third monoclonal antibody which is
specific for an antigenic determinant expressed by only
one of said immunoglobulin population, and determining
from the resulting complex the quantity of said one

immunoglobulin population.

There will now be described by way of example only

and with reference to the accompanying drawings, procee-

dures incorporating the methods of the invention.

v

Brief Description of the Drawings

Figure 1 is a representation of an IgG molecule,
indicating the regions against which test antibodies
- were directed;
Pigure 2 is a graph of turbidity asainst time, for
several antigen/antibody reactions; and
Figure 3 is a2 graph of change in turbidify obtained
from antigen/antibody reactions with varying antibody

concentrations.

Best mode of carrving out the invention

Pigure 1 represents a macromolecule of immunoglobulin
G (IgG) having two "heavy" polypeptide chains H and two
"light" polypeptide chains L, the chains H and L being
linked by disulphide bonds. The molecule 1is symmetrical
and has two antigen binding fragments Fab, each of which
includes a light chain L and a portion of the heavy chain

H, A crystaizsable fragment Fc of both heavy chains H
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comprises CXZ and CX3 regions of equal lengths. The
fragment Fc¢ may be separated Irom the remainder of the
molecule by enzyme action, and this fragment Fc may be
subjected to further enzyme action to leave a residual
fragment pFc! whose extent is effectively . that of the

ij region. Each chain in- the Fab fragment has a variable
region V and a constant region C.

Normal human IgG includes sube~populations of IgG kappa
and IgG lambda, the kappa and lambda characteristics being
defined by the structures of the constant regions C of the

molecules.,

In the examples described antibodies were elicited
using polyclonal human IgG as an immunogen, and the anti=-
body products were selected on the basis of their ability
to agglutinate sheep red blood cells sensitised with human
IgG. The specificity of the cloxned ;ntibody products - was
further defined by their ability to aggluitinate sheep red
blood cells sensitised with kappa l1ight chain, lambda
light chain, Fc fragments, or pFc! fragments. DBy these
methods monoclomnal antibodies were selected khaving .

specificities as indicated below;

Sample Svecificitv
I Kappa light chain
IT

III Fe

v

Sample II was also found to agglutinate cells sensi-
tised with pFc! fragments, and this sample was thus .
directed against an antigenic determinant in the CZB region
of the IgG molecule., In the absemnce of agglﬁéination of
pFe! sensitised cells by samples III and IV, these
samples were presumed to be specific to antigenic deter-
minants in the CXZ region of the IgG molecule, or to be

—
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conformational determinants dependent on the structural
integrity of the Fc fragment of the molecule for expression.

The antigen with which the foregoing antibodies were

reacted was an IgG kappa paraprotein.

Preparations of thé antibody samples I to IV were
reacted with the antigen, separately and in combinations
of antibody. The reactions were carried out at 25°C in
phosphate buffered solutions containing 45 polyethylene
glycol (MW. 3000). The difference in turbidity of the
fluid in which the reactions were performed was determined
using light of wavelength 260 nm, (Jacobsen and Steensgaard,

Immmology, 36 (1979) at 293-298).

As shown in Figure 1, monoclonal ?nﬁibody samples I
to IV were reacted separately against the antigen without
a significant burbidity difference, D, when plotitad againt
a time T of up to 600 seconds, However, a combination of
antibody samples II and IV produced a measurable turbidify
change, whole reactions with a combination of samples I and
IT and a combinations of samples II and IIT which were
equivalent to that normally obtainable in reactions using

pélyclornal antibody reagents,

I+ will be seen from Figure 1 that a reaction with a
Vcombination of samples I; IT and III resulted in a turbidity
i fference less than that obtained with the combimation of
samples II and III. This result is probably due to antibody

excess in the reaction.

Figure 2 shows the turbidity differences, D, obtained
for a number of values of antigen concentration, C, express-
ed in mg/ml. The curve shown was obtained by titration of
the IgG kappa paraprotein, at differenting concentrations,
against a standard concentration of an antibody preparation.

The antibodies used in this case were those from samples I
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and II, that is those directed against the spatially
distinct kappa light chain and C 3 region of the antigen.

As indicated above the IgG content of buman serum
is made up of sub=populations of IgG kappa and IgG lambda. .
In normal serum the ratio of IgG kappa to IgG lambda lies
between 3:1 and 1:1, a typical ratio being approximately
1:8:1. A significant departure from this range of ratios
may indicate an early stage of myeloma, which otherwise
may develop for up to twenty years before showing symptoms.
Since detection and treatment at an early stage may
significantly prolong life expectancy, it is clearly ade
vantageous that the quantities of the above sub-populations

should be capable of being determined.

Monoclonal antibody preparations have been used to
determine the relative proportions of sub=populations of
immunoglobulins present in such polyclonal IgG. For
example, a test sample including IgG kappa and IgG lambda
which is reacted with antibodies from sample II and sample
IIT, both of which are directed against the Fc portion of
the IzG molecule, allows quantitation of the total IgG
content of the test sample. An identical IgG Test sample
reacted with a combination of antibodies from samples I and
IT will allow quantitation of the Ig® kappa content. Simila

arly an identical IgG test sample reacted witk, foT sxample,

‘an antibody preparation from sarple II In combination with

a further monoclonzl antibody preparation which is specific
to IgG lambda light chain will allow cguantitation of the
IgG lambda content. It has been found <that the sum of
quantitation of IgG kappa and IgG lambda carried out as
above, have a high correspondence with the quantitation of

total IgG content.
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CLAIMS ¢

Te A method of determining the amount of a particular
protein (IgG) in a sample, comprising reacting the sample
with antibodies to said protein to obtain antigen/antibody
precipitate, characterised in that said antibodies comprise
two monoclonal antibody preparations (T or II or III or Iv)
which are respectively specific to two distinct antigenic
sites (L or CXZ or CXB) on the macromolecule of the said

protein (IgG).

2. A method as claimed in claim 1 in which said two antie
body preparations (I.or II or III or IV) are selected so as
to be specific to relatively widely spaced ones of said anti-
genic sites (L or 07‘2 ox C%/B), whereby jbhe binding of one
monoclonal -antibody to its specific determinant on the
molecules of said protein IIgG) does not interfere spatially
with the binding of the other monoclonal antibady to its

specific determimnant.

3 . A method as claimed in claim 1 or claim 2 in which
said protein comprises an immmunoglobin (LgG) and said Two
monoclomal antibodies (I or II or III or IV) are selected
so as to be specific to antigenic determinants expressed Dy
the light (L) and heavy (H) chains respectively of the

macromolecule of the immunoglobin (Ig‘G)o
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L, A method as claimed in any preceding claim in which
said sample includes populations of first and second immuno=-
globulins (IgG kappa and IgG lambda), and said monoclonal
antibodies comprise first and second preparations (IT and
IV) which are both specific to a::.tige;lic determinants ex=-
pressed on the heavy chains (H) of both said immumoglobulins
(IgG kappa, IgG lambda), reacting a combination of said
‘first and second preparations (II and IV) with said sample,
determining fromthe resulting antigenf/antibody complex the
total level of the immunoglobulins (IgG kappa, IgG lambda)
in the sample, reacting the sample with a combination of
said first preparation (II) and a third monoclomal antibody
preparation (I) which is specific to an antigen deferminant
expressed by only one (IgG kappa) of said immunoglobulins,
and determining from the resulting complex the quantify of
population of said one immmumnoglobulin (TG kappa) .
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