Radioimmunoassay
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' NUCLEAR MEDICINE

* Invitro study

* Invitro radio bioassay ( RIA)

* * Radionuclide labeled ligand (tracer)
* *Immunologic reaction response

* *[Invitro micro-biotechnique
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Labeled Specific Unlabeled
Antigen Antibody Antigen +

Ag + - Ab -4 Ag

(F) 7 *1‘
j};;»’f"? , g
Labeled Unlabeled
Antigen-Antibody  Antigen- Antibody
Complex Complex
Ag -Ab Ag-Ab
(B)

+in known standard selutions
or unknown samples

Principles of competitive immunoassay are
summarized in competing equations above.




COMPETITIVE BINDING ASSAY(CBA)

* Competitive binding principle
. Ag

> Ag

* Ab (inadequate Qnt.)

» Ag*and Ag had similar immunochemical character,
the competition produced by Ag

* Ag*-Aband Ag-Ab complex
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Four Basic Requirements for RIA

* Antibody- specificity, sensitivity, and titer.
* A purified antigen (Ag)
* An lsotope labeling method (Ag*)

* A separation technique ( --Standard Curve)



*STANDARD CURVE

B/F Vs. Ligand (ng/ml)
B/T Vs. Ligand (ng/ml)

*» B/Bo Vs. Ligand log (ng/ml)
B/BoLogit Vs. Ligand log (ng/ml)
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LOG COMNCENTRATION OF ANTIGEN
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POLYCLONAL ANTIBODY FORMATION

* Purified Ag- Immunogen

* Immunization

* Specificantibody (antiserum- Mw>5000 polypeptide
complexwith protein)

* Antibody affinity

* Antibody titer
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Radionuclide Labeled Antigen

* Tracer preparation

* (C-14,H-3( Liquid Scintillation counter)

* [-131

e I-125 —( for labeling tyrosine [k = %-)
lodination
(Iodme EF replace the EE A N7 | JETF)
* (for non-tyrosine- prelinkingfk &% )
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Requirement for Labeled Antigen

* Ag* Specific.activity=

Ag* radioactivity/Ag*mas

* Ag* Immunoactivity( If more iodine-

8 activity change?)

* Ag* Available counting

* RIA radiobio-purity >90%
(Radiobio-purity= ImmunoAg* Spc. act. /

E Ag* total activity)
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TABLE 17-2. Common Separation Techniques

Separation  1iouid Reagent  Solid Reagent
Dextran-coated Second antibody Macro beads

charcoal Polyethylene Coated tubes
Resin glycol (PEG)
Second antibody/PEG

Micro beads




» Information flow in clinical analytical work

Hormone analyses ( list of analyses with sampling
instructions)

* Age variation

Menstrual cycle variation
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Historical Reviews

* 1959 Yalow & Berson First reported principles of RIA

* 1960 Yalow & Berson Applied RIA to mesaure human
insulin

* 1960 Ekins First reported CPBA by using TBG as a
specific binder

* 1960 Hunter , Green-Wood et al.Using Chloramine T
method as a radioiodination procedure






® 1961 Hager et al To assay serum glucagon

* 1961 Rothenburg An assay for Bi2 using charcoal
separated

1965 Rothenburg Firstly developed
radioassaymatic assay

* 1968 Rodbard et al. QC. of RIA

* 1971 Lofkowita Assay for ACTH using cell-receptor
with a specific binders

* 1977 Yalow Recived the 1977 Nobel Prize for
Medicine



* Analysis information: Radioimmuno-analysis
Analysis frequency

* Specificity: No cross reaction against other

* Sensitivity : 0.5 ug/l

* Calibration : high puritied human FSH

* Precision: Intra-assay Variation=5%

Between -assay V. = 8%
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Competitive Binding Assay

* A group of in vitro analytical methods

* Based on non-covalent, reversible binding of a small
moleculeorligand to a specific binding protein
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Competitive Binding Assay
* Asaddition of increasing amounts of unlabeled ligand
to reaction mixtures
* Containing known , constant amounts of
labeled ligand and specific binding

protein



COMPETITIVE (limited reagent)

Simultaneous
Ab + Ag + Ag-L == Ab:Ag + Ab:Ag-L
(free) (bound)
Sequential

K4
Step1 Ab + Ag == k Ab:Ag + Ab
1

Step 2 Ab:Ag + Ab + Ag-L == Ab:Ag + Ab:Ag-L + Ag-L
NONCOMPETITIVE (excess reagent, two-site, sandwich)

B8 Ab” i SEB- Ab:ag o S BB Ab:AgAL-L




Types of Labels

* Radioisotopes

* Enzymes
¢ Fluorophores



» [sotope emulsion Mx.Sp.ac. ti/2 counter
* H-3  Beta 0.6x103 12.3y LS
* Ci4 Beta 4.5Ci/g 5730y LS
* P32 Beta 2.85x103 14.2d LS
[125 Gamma 1.74x104 60d crystal
* Co-57Gamma 8.48x103 270d crystal

* *1Ci=3.7xE+10 disintegration per second.



RIA isotope

° 130-Te( n,y) 131 Te ->B--21311
o 8.04(1

° 124Xe (n,y)125 Xe ->EC 21251
. 60.14 d



" Assay Design and
Radioligand Quality

* Defining purposes- the assay

* Selection or production of reagents:
® antigen for labelling

® [odination

8 Assessment and purification of Ag
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PLASMA ELUATE ®2
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Double-syringe device
(antigen-adjuvant emulsion)
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Antibody-antigen interactions

« The interactions can be disrupted by
high salt concentrations
-extremes of pH

~detergents
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Use of antibodies

. Abs can be tagged to fluorophores,
radioisotopes and enzymes

. Antibodies can be used to:
—detect antigen
— purify proteins
—locate antigen
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ELISA = EIA

(enzyme linked immunosorbent assay)

direct ELISA (tests for virus), - 7¢H

indirect ELISA (tests for Ab).

ELISA is similar to the immunofluorescent
assays, but differs in the type of molecule that
IS tagged to the antibodies that are used
» The molecule that is attached to an antibody in an
ELISA assay is an enzyme.
» The presence of the enzyme is detected by adding

a substrate to the enzyme which when acted upon
by the enzyme produ - 3

€S a colored product,
» An indirect ELISA test is used to screen i }1 i
for HIV infection (Ab). e
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Antibody Production

* Antibody Immunization

* Immunogen
®* Booster




-
—

Antiserum Properties of RIA

* Characteristics of Biological active substance of
significance of RIA

* Molecularheterogeneity
¢ Molecularhomology
* The widespread synthesis

* Different processing : met- enkephalin -> B-
endorphin ---- precursor=
proopiomelanocorticotropin(POMC)
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Parameters of Significance for RIA

* Titer ( or working dilution ) number of samples If:
below :1000 are of limited value —unspeific

interference----- 10 3to 108 ( common 10 6)
* Avidity-ultimate detection limit is
2E/ ko eff

Specificity —directed 3-6 residues of AA. Hexoses or
nucleotides

Homogeneity






Affinity chromatography

tigen X Add serum from - Wash away .
trt;tllgni to animal immunized serum with Elute anti-X
insoluble beads with antigen X unbound antibodies
———
! -I--.tﬂ;::-:‘...,....:.}-:‘?{ r
1 1
I ‘.
| é ® ] |
> { | - |




- POLYCLONALANTIBODY
FORMATION

* Purified Ag- Immunogen

* Immunization

* Specificantibody (antiserum- Mw.>5000 polypeptide
complexwith protein)

* Antibody affinity

* Antibody titer
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.- IMMUNORADIOMETRIC ASSAY

* IRMA (Sandwich method)
* Ab- Monoclonal Ab

° Ag

* Ab*

* Separation technique by washer



FIGURE 17-7. An example of an IRMA technique
utilizing a macro bead. The patient is first reacted with
excess antibody on the bead. A radiolabeled antibody is then
added which binds only to any patient already bound to the
primary antibody. Excess labeled antibody is discarded and
the bead is then counted. The amount of radicactive counts
on the bead is directly proportional to the patient
concentration.
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Radionuclide Labeled Antigen

* Tracer preparation

* (C-14,H-3( Liquid Scintillation counter)

* [-131

e I-125 —( for labeling tyrosine [k = %-)
lodination
(Iodme EF replace the EE A N7 | JETF)
* (for non-tyrosine- prelinkingfk &% )







Preparation of Tracer

* A minor modification of technique mentioned by
Hunter, using the chloramine -T method

* 0.25N phosphate buffer, pH 7.0 20ul

* Natural XXX hormone 25ul
Carrier-free Na 125-1 3-5ul

* Chloramine -T 1oul

* Sodium metabisulfite 20ul

* Blood -bank plasma 2-3ul
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Requirement for Labeled Antigen

* Ag* Specific.activity=

Ag* radioactivity/Ag*mas

* Ag* Immunoactivity( If more iodine-

8 activity change?)

* Ag* Available counting

* RIA radiobio-purity >90%
(Radiobio-purity= ImmunoAg* Spc. act. /

E Ag* total activity)
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Single Incubation RIA

* Haptens

* Small peptides when sensitivity is not required

* The equilibrium reach in 2-4 h and to avoid within-
assay drift

* Diluentrequirement :pH, ionic strength, ionic/protein
carrier content, bacteriostatic and anti-
coagulant ,detergents — low NSB



~ Non-Sensitive , Single Incubation
RIA

* Designing for sensitivity



» Assay design:

* Optimization—/incubation/ applicable separation
system

double antibody (DA) ppt./incubate
16h at4 C
assisted double antibody (ADA) /1-
4h at RT
solid phase II Ab ( DASP)/ 0.5-1h

at RT
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Influences of Separation Methods

* Choice of separation method

* Doubleantibody precipitation

* First antibody solid phase

* Adsorption methods

* Fractional separation-
Polyethylene glycol (PEG) - ppt.

white color.



P RS

Materials and Methods



* Pipette
* Pipette quality control

¢ Pipette trouble shooting
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Needle Barrel Plunger

ng@ (a)

Digital Display "4 Mode Button . Fine Adjustment Dial

Set Data-Hold Button On-Zero Button
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Nal(Tl) Crystal

Advantages Disadvantages

+ > 85% sensitivity « Hygroscopic (requires
@ 140 keV hermetic seal)

* Moderate energy * Limiting component in
resolution (9-10% count rate performance
@ 140 keV) (200 nSec scintillation

» Moderate cost decay time)




Nal('Tl) Scintillator

= Sensitive material for vy ray
detection.

« *Single large (40 x 50 cm),
thin (9.5 mm) cryvstal.

* Converts ¥ ray energy into
visible light (Total
absorption of a 140 keV
y-ray yields 5000 photons).

Fragile: Sensitive to
trauma and lemperature
changes.

* This is a typical crystal size, but other dimensions and thicknesses are available.



Photomultipher Tube (PMT)

* Converts visible light
(scintillation) into an
electronic pulse

* Electron amplification
N &
Dynodes s 0 wa| ol Light through a series of

o , 1 4=  dvnodes
- L |
“.B}ENM ﬂl' .4/*- * Overall gain ~ 10°

Anode Photocathode

Light hitting the photocathode liberates electrons which
are accelerated through a series of dynodes. 1 he electron
gain at each dynode is ~ 4.
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CANCER CELLS AND NORMAL CELLS

CANCER CELLS
Frequent
mrhnri

Nuc leus

HH -Il:’ '.rttt

Abnormal

® loss of contact inhibition

® Increase in growth factor secretion
® Increase in oncogene expression

® Loss of tlumor suppressor genes

helerogeneous cells

NORMAL CELLS

.... Normal
. ce
0y ..

mMuiloses

® Oncogene expression is rare

® Intermitient or co-ordinated
growth factor secretion

® Presence of tumor suppressor
genes




INVASION AND METASTASIS

PFRIMARY
FUMOR

, intravasation

Circulatin
Tumor Ce

METASTASES
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