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ABSTRACT

Immunoassay Is a very specific, sensitive, and widely applicable

analytical technique. Recent advances in genetic engineering have led

to the development of monoclonal antibodies which further improves the

specificity of immunoassays. Originally, radioisotopes were used to

label the antigens and antibodies used in immunoassays. However, In the

last decade, numerous types of immunoassays have been developed which

utilize enzymes and fluorescent dyes as labels. Given the technical,

safety, health, and disposal problems associated with using radioisotopes,

imtnunoassays that utilize the enzyme and fluorescent labels are rapidly

replacing those using radioisotope labels. These newer techniques are

as sensitive, are easily automated, have stable reagents, and do not

have a disposal problem-
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In 1959, Berson and Yalow (1) reported the development of a

revolutionary new type of assay which combined the specificity inherent

in the antibody/antigen interaction and the excellent sensitivity obtain-

able from radioisotope measurements. Since that time, immunoassays have

become one of the most important and widely used of all analytical tech-

niques. A recent study by Frost and Sullivan (2) reported that in 1983

the U.S. market for immunodiagnostic reagents and instruments exceeded

$600 million and $105 million, respectively.

The success of immunoassay as an analytical procedure is due to the

exquisite specificity and the high degree of affinity of the antigen/

antibody interaction. Thus, the antibody, or the antisera in which it

is contained, is the key reagent of an Immunoassay. Initially, anti-

bodies were obtained by injecting animals, usually goats or rabbits,

with a quantity of purified or semipurified immunogen. After a given

time interval, antibodies could be harvested by processing blood taken

from the immunized animals. The resultant serum was then used directly

in an assay or further purified by various precipitation, adsorption, or

chromatographic techniques. Since antibodies are biological compounds,

their variability, stability, and availability have been of concern, and

a great deal of effort has beer expended on ensuring and documenting the
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essential properties and characteristics of antibody reagents (i.e.,

affinity, avidity, specificity, stability, etc.).

In 1975, Kohler and Milstein (3) reported their development of a

cell fusion technique that has revolutionized the immunodiagnostic

industry- In this new technology, two different types of cells are

fused to create a new type. The resulting cell, called a hybridoma,

exhibits characteristics derived from both parent cells. For example,

fusing fast growing myeloma tumor cells with spleen cells derived from

an animal that has been immunized with a specific antigen yields

hybridomas that secrete antibodies against this antigen. Subsequent

selection from the population of fused cells can isolate hybridomas that

secrete a single type of antibody with a unique set of biochemical

characteristics and properties. Since the antibody is a unique immuno—

globin from an immunoglobin gene of a single cell, it is called a

"monoclonal antibody." In addition to antibody-producing capabilities,

the hybrodomas acquire the growth characteristics of the myeloma parent

and can be propagated by cell culture or other techniques to provide

continuous quantities of the monoclonal antibody.

As immunochemical reagents, monoclonal antibodies have two signifi-

cant advantages over conventional antibody reagents: (1) they have a

unique and narrow antigenic specificity, and (2) they can be used to

produce large quantities of essentially identical antibodies. Thus, it

is possible to produce large quantities of monoclonal antibodies, main-

taining both consistent yields and lot-to-lot quality.

The theoretical basis of an immunoassay is illustrated in Figure 1

and by the following formula:

Ag + Ag* + Ab * AgAb + Ag*Ab (1)



where

Ag =• unlabeled antigen (i.e., analy te),

Ag* = labeled antigen,

Ab = antibody,

AgAb = unlabeled antigen/antibody complex, and

Ag*Ab = labeled antigen/antibody complex.

In the absence of unlabeled antigen (Ag), a quantity of labeled antigen

(Ag*) will bind to the antibody (Ab) according to the law of mass

action. In the presence of unlabeled antigen, the amount of antibody-

bound labeled antigen (Ag*-Ab) will decrease because the unlabeled

antigen competes with it for the binding sites on the antibody. The

amount of unlabeled antigen displaced from the antibody is proportional

to the amount of unlabeled antigen in the system. Using known quan-

tities of unlabeled antigen, a calibration curve can be prepared and

used to quantitate the amount of unknown antigen contained in a sample.

Various labels are used in immunoassays (Table 1). Radioisotopes

were the first labels used "in immunoassays (1) since the capability then

existed for measuring very low levels of radioactivity. Isotopes used

include I125, I131, H3, and occasionally C11+. As a consequence of

combining the specificity of the antibody/antigen bonding with the

sensitivity of radioactive measurements, radioimmunoassay (RIA) very

quickly became a very popular bioanalytical technique and widely used

for determining hormones, vitamins, drugs, cancer antigens, enzymes,

receptors, viruses, antibodies, polypeptides, and other proteins.

Unfortunately, RIA has several inherent problems — all associated

with the use of a radioactive label. First, the specific activity of

the labeled antigen will decay with time, and consequently the stability



and reliability of the key analytical reagent In the process is con-

tinually changing. Thus, the shelf-life of the reagent is short.

Secondly, RIA-type assays have been traditionally difficult to automate

since the technique requires a separation step of the free and bound

portions of the labeled antigen before they are counted. Several

attempts have been made to automate RIA methods, but in general these

efforts have not been as successful as the development of automated

equipment for routine chemical assays.

A third disadvantage of RIA is the safety and health concern

associated with the use of radioactive compounds. Such use requires

licensing and regulation of the laboratory by various state and federal

agencies including the Nuclear Regulatory Commission, the Department of

Transportation, and the Food arid Drug Administration. In addition, both

the laboratory and technologists should be continually monitored using a

combination of area monitors and personal area monitors. It is also

becoming a widespread laboratory practice to prohibit pregnant women

from working in laboratory areas in which radioisotopes are used.

An additional disadvantage of RIA which is rapidly becoming its

MAJOR DISADVANTAGE is the disposal of its radioactive waste. For many

years, such waste was disposed of by a wide variety of means, including

pouring down the drain. However, in recent years, disposal of radio-

active waste has been strictly regulated which has led laboratories to

consider alternate analytical techniques.

In 1972, Rubenstein, Schneider, and Ullman (4) reported a new type

of immunoassay in which the radioactive label was replaced by an enzyme.

Such an assay is called an enzyme immunoassay (EIA) and is classified as



an homogeneous assay since it does not require the separation of free

and bound labels as does the RIA technique (i.e., a heterogeneous assay).

The theoretical basis of an EIA is illustrated by the following

formulas:

Ag + Ag-E + Ab t AbAg + AbAg-E (2)

AbAg-E + S I AbAg-E + P (3)

where

Ag = unlabeled antigen,

Ag-E = enzyme labeled antigen,

AbAg = unlabeled antigen/antibody complex,

AbAg—E = enzyme labeled antigen/antibody complex,

S = enzyme substrate, and

P = product of enzyme-catalyzed reaction of the substrate.

In practice, an aliquot of specimen is added and mixed with aliquots

of enzyme-labeled antigen, antibody, and the substrate appropriate for

the enzyme. If there is no unlabeled antigen in the specimen (i.e., the

analyte being measured), the enzyme-labeled antigen and antibody react,

forming a complex that blocks the active center of the enzyme and thus

inhibiting any enzyme reaction. If the unlabeled antigen is present in

the specimen, it will displace the enzyme-labeled antigen in proportion

to its concentration. The displaced enzyme-*labeled material is then

able to bind with substrate, permitting the enzyme reaction to take

place. The resultant enzyme activity can be related to the concentra-

tion of the unlabeled antigen by comparison with a calibration curve.

Sensitivity of an EIA can be increased by allowing the enzyme to

react with substrate for a longer period of time. Thus, the product



increases in a stoichiometric manner and the signal/noise ratio, and

hence the sensitivity of the assay increase accordingly. Such assays

are known by the acronym EMIT which stands for Enzyme Multiplied Iramuno

Technique.

Another version of EIA is enzyme-linked immunosorbent assay (ELISA)

which is widely used to detect the presence of either antigens or anti-

bodies in biological samples. This method utilizes enzyme-labeled

immunoreactants (antigen or antibody) and a solid-phase binding support

(e.g., coated test tubes, beads or wells of tnicrotiter plates). In

various types of assay modifications, the amount of immobilized enzyme

activity is proportional to the concentration of the analyte being

measured. Nano- and picogram quantities of analyte can be detected,

making ELISA as sensitive as RIA.

Fluorescent labels are also becoming increasingly used in immuno-

assays. Fluorescent immunoassays (FIA) utilize fluorescent labeled

antibodies or antigens to detect antigen-antibody reactions. Measure-

ment of the resultant fluorescence can be used to quantitate the

concentration or titer of either the antigen or antibody. A variety of

technical variations exist for FIA (Table 2), with fluorescence polariza-

tion being one of the most useful (6).

Assays utilizing fluorescence polarization are based on the fact

that light waves produced by standard excitation sources are oriented

randomly. Also, light waves passed through certain crystalline substances

(polarizers) become oriented in a single plane and are said to be plane

polarized. If a fluorophor is excited by polarized light, the size of

the molecule will determine if the fluorophor emits polarized or

depolarized light. If the fluorophor is large, the rotational relaxation



time la long compared with the fluorescence decay time, and the emitted

light will be plane polarized, parallel to the polarized excitation

light. A small molecular fluorophor causes depolarization because its

rotation relaxation is faster than the fluorescence decay time, and

thus, its rotation may change between excitation and emission; light

will therefore be emitted in many different directions (i.e., light will

be depolarized). However, if such a small molecule Is attached to a

macromolecule, as In a fluorophor-labeled antigen-antibody complex, the

small fluorophor will behave similarly to a large fluorophor and emit

polarized light. This phenomenon can be used analytically, for example,

in lmmunoassay methods for the quantltation of a number of therapeutic

drugs, drugs of abuse, and other small molecules. The central principle

of these methods is competition between the analyte in the sample and a

known amount of fluorophor-labeled analyte for a limited number of

binding sites on an antibody to the analyte. The amount of analyte

present In the sample will therefore have a direct effect on the change

in fluorescence polarization. For example, if the amount of analyte In

the sample is small, more fluorophor-labeled analyte- (antigen-) anti-

body complex forms and the degree of depolarization is small. Conversely,

if the analyte concentration in the sample is high, less fluorophor-

labeled analyte- (antigen-) antibody complex forms, and depolarization

Is significant.

Immunoassays which use labels such as enzymes and fluorophores

described above are known as non-isotopic immunoassays. These assays

have comparable sensitivity with radioimmunoassay and have the addi-

tional advantages of having stable reagents and simple waste disposal of

spent reagents. Also, these assays are amenable to automation, and



instrumeatatlon exists for this purpose. For example, centrifugal
/

analyzers (5) are commercially available that incorporate both enzyme

and fluorescence immunoassays as part of their repertoire of automated

chemistries. These machines are easy to operate, need only microliter

volumes of both reagents and samples, allow for calibrators to be

processed in real-time with samples, and provide for on—line data

acquisition and processing. In addition, special purpose instruments

are available for automating fluorescence and fluorescence polarization

immunoassays (6).

In summary, immunoassays are a very popular and widely used tech-

nique to measure a wide variety of analytes in biological fluids. They

offer excellent sensitivity and specificity and hence their wide appli-

cability. A variety of labels are used with immunoassays; however, due

to disposal problems with radioisotopes, radioisotopic-based assays are

rapidly being replaced with non-isotopic labels such as enzymes and

fluorophores.
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Table 1. Labels used In
immunoassays (IA)

1. Radioisotope (RIA)

2. Enzyme8 (ElA)

3. Fluorescent dyes (FIA)

4. Chemiluminescent compounds

5. Stable free radicals



Table 2. Types of fluorescent
immunoassays*

Fluorescence microscopy

Heterogeneous:

Solid-phase antigen assay

Solid-pbase antibody assay

Homogeneous:

Antibody quenching

Fluorescence polarization

Internal reflection spectroocopy

Fluorescence excitation transfer

Fluorescence protection

*From Dictionary and Encyclopedia
of Laboratory Medicine and Tech-
nology, J. L. Bennington, Editor,
W. B. Saunders, New York, N.Y.,
1984, p. 785.



FIG, i. RADIOIMMUNOASSAY (COMPETITIVE PROTEIN BINDING)
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