PATHOPHYSIOLOGY AND
MECHANISMS OF
RADIOPHARMACEUTICAL
LOCALIZATION

13 PE /4
20141020 morning meeting

The Pathophysiological basis of Nuclear Medicine 2" ed. Springer.




The mechanisms of
radioisotope localization

Invivo, MUGA, RBC scan

Isotope dilution
Capillary blockade MAA lung perfusion
FPhysicochemical adsorption MDF bone scan

Cellular migration and sequestration WBC scan, denatured RBC spleen scan

Membrane transport Xe-133ventilation
Simple diffusion

Diffusion and intracellular metabolism/binding HMPADIECD brain pE‘I‘FUEiDﬂ 5Can

Diffusion and mitochondrial binding Tc-ggm MIBI .
Diffusion and increased capillary and plasma membrane permeability Gallium

Facilitated diffusion FDG, IDA derivatives

Activetransport ~ Radioiodine, pertecnetate, TICI, Rb +
Phagocytosis 5C

Receptor-mediatedendocytosis  Gallium
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The mechanisms of
radioisotope localization

6. Metabolic Substrates and Precursors FDG
Precursors: Radiolabeled Amino Acids Amino acids

7. Tissue Hypoxia F-MI50

8. Cell Proliferation  pibonucleic acids, ex: F-18 FLT
g. 5pecific Receptor Binding
Radiolabeled Peptides 55T analogues, VIP

Steroid Hormone Receptors F-18 FES, F-18 FENF, Z-[ 123 [IMIVE

Adrenergic Presynaptic Receptorsand Storage -131 MIBG
LDL Receptors
Radiolabeled Antibodies

10. Imaging Gene Expression
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|  Fat digestion

Large fat droplets enter
intestine after meal

Bile acids & lecithin
emulsify fats into
smaller particles

Lipase breaks t'inwn fat into P Q@ Ql a »
fatty acids & CfF
L %

monoglycerides ». o= Ve (f;b' ~
ST HEN

MGs and FAs are absorbed Fomy ocids Marogycerides l
through villi via micelles &
then re-form into triglycerides

| -

Triglycerides aggregate &
are combined with
cholesterol, protein &
phospholipids to form
chylomicrons

rom: SYONTIX



Composition of chylomicron

Chylomicrons

Triglyceride L]

phospholipid | '“-»w-;; orotein Cholesterol []
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 Chylomicrons carry triglycerides (fat) from the intestines to the liver, to skeletal muscle, and to adipose tissue.

« \Very-low-density lipoproteins (VLDL) carry {newly synthesised) triglycerides from the liver to adipose tissue.

« |ntermediate-density lipoproteins (IDL) are intermediate between VLDL and LDL. They are not usually detectable in the blood.

« Low-density lipoproteins (LDL) carry cholesterol from the liver to cells of the body. LOLs are sometimes referred to as the "bad cholesteral”

lipoprotein.

« large buoyant LOL (Ib LDL) particles
+ small dense LDL (sd LDL) particles

« Lipoprotein(a) is a lipoprotein particle of a certain phenotype

# High-density lipoproteins (HDL) collect cholesterol from the body's tissues, and take it back to the liver. HDLs are sometimes referred to as the

"good cholesterol” lipoprotein.

. ) ) | % triacylglycerol
Density (g/mL)|Class Diameter (nm}| % protein| % cholesterol| % phospholipid
& cholesterol ester

>1.063 HDL 5-15 33 30 29 4

1.019-1.063 LDL 1828 25 a0 21 8

1.006—1.019 IDL 25-50 18 29 22 31

0.95-1.006 VLDL 30-80 10 22 18 50

<0.95 Chylomicrons | 100-1000 <2 8 7 84

Animation of lipoprotein metabolism:

https://www.youtube.com/watch?v=g7uiV4RiSAY

from: Wikipedia, lipoproteins



Specific Receptor Binding—
LDL receptors

= 131 |-6B-iodomethyl-19-norcholesterol (NP-59)
= 131 |-6-iodocholesterol (loderin)

» 75 Se-B-iodomethyl-19-norcholesterol
(Scintadren)

= Mechanism of uptake:

transported by plasma LDL and are accumulated in
the adrenal cortex via LDL receptors

esterified like cholesterol and stored intracellularly
without further metabolism or incorporation into
adrenocortical steroid hormones




NP-59 Adrenal Cortical Scintigraphy
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NP-59 Adrenal Cortical Scintigraphy
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VGHTPE protocol

With dexamethasone suppression
For 5 days ( prior to exam)
dexamethasone suppression o.5mg/1# tid?

Lugol’s solution amount R S5 9%~ BYESF 1 0%
exam day (Day o)

Day 0 1.2 mCil-132 NP-5g IV, 30mins later, 3 mCi Tc-ggm

DMSA IV

take renal image (of DMSA), mark renal countour
Day 1 take NP-5g image
Day 2 take NP-5g image
Day 3 take NP-5g9 image
Day 4 take NP-59 image




NP-59 Adrenal Cortical Scintigraphy
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NP-59 Adrenal Cortical Scintigraphy

From: Green kid




Specific Receptor Binding—
Radiolabeled antibodies
= Antibodies (Ab)= immunoglobulins (lg)

Glycoproteins, produced by B-lymphocytes, 5
Isotypes: M, E, D, A, G

IgG is the major immunoglobulin in human serum

IgG: around 146 KD, T1/2: 21 days

Name | Types

IgA

Antibody isotypes of mammals
Description

Found in mucosal areas, such as the gut, respiratory tract and
urogenital tract, and prevents colonization by pathogens.['*! Also found
in saliva, tears, and breast milk.
Functions mainly as an antigen receptor on B cells that have not been
exposed to antigens‘m It has been shown to activate basophils and
mast cells to produce antimicrobial factors.®)
Binds to allergens and triggers histamine release from mast cells and
basophils, and is invelved in allergy. Also protects against parasitic

worms. Bl

In its four forms, provides the majority of antibody-based immunity

against invading pathogens.m The only antibody capable of crossing the

placenta to give passive immunity to the fetus.

Expressed on the surface of B cells (monomer) and in a secreted form
(pentamer) with very high avidity. Eliminates pathogens in the early
stages of B cell-mediated (humoral) immunity before there is sufficient
1gG. Il

Antibody Complexes

Monomer
IgD, IgE, 1gG

Dimer
Igh

Pentamer
IgM

From: Wikipedia, Antibody



Specific Receptor Binding—
Radiolabeled antibodies
= Antibodies (Ab)= immunoglobulins (lg)

A monoclonal antibody (MADb) is specific for a

particular epitope € > a particular antigen can
have several different epitopes

1. Fab region

2. Fcregion

3. Heavy chain (blue) with one Ab = F(ab)2 + Fc
variable (Vy) domain followed by pepsin

a constant domain (Cuy1), a hinge

region, and two more constant Ab - 2 F(ab) + Fc
(Cu2 and Cy3) domains. papain

4. Light chain (green) with one

variable (VL) and one constant

(CL) domain

5. Antigen binding site (paratope)

6. Hinge regions.

From: Wikipedia, Antibody



Specific Receptor Binding—
Radiolabeled antibodies

» murine Mabs: Mab derived from mice

The Fc portion of the murine Ab is antigenicin
human and induces the formation of HAMA
(huma anti-mouse-antibody)
= Chimeric Abs: murine variable regions of Fab
+ constant region of human IgG



Specific Receptor Binding—
Radiolabeled antibodies

= Important requirements:

Identify an antigen/epitope specific to a particular type of
cancer or tissue

TAA (tumor-associated antigens), ex: CEA, TAG-72, PSA, PSMA

The used radionuclide should match the pharmacokinetics
of the antibody

Tc-99m, 1-123: suited for Ab fragments, with faster blood
clearance

In-111, I-131: better for labeling intact Abs

Imaging: Tc-ggm, 1-123, In-111

Tx (with B): I-132,Y-90, Re-188
High-specific-activity labeling but preserving the
immunoreactivity of the Abs



Specific Receptor Binding—
Radiolabeled antibodies

* Radioiodinated antibodies
lodogen method-> high-specific-activity Ab (10-15
mCi/mg): labeling the tyrosine residues, it is
possible that tyrosine residues of the variable

region of the IgG molecule are labeled, resulting in
significant loss of immunoreactivity

Ex:
I-132 antiB1 antibody (BEXAR)... NHL




Specific Receptor Binding—
Radiolabeled antibodies

= Tc-ggm labeled antibodies

R Direct: reduction of disulfide groups of the Ab
"9and " molecule and subsequent labeling of reduced Tc-
ggm to the sulfide moieties of the Ab

Most commonly used to label Ab fragments, such as
CEA-scan & Verluma

CEA scan: for colorectal ca., binds to CEA ~200 kD

Verluma scan: small cell lung ca., binds to a 40 kD
cell surface glycoprotein

Indirect



Schwarz method: a direct labeling method

» Incubate Ab with 3-ME (1000:1)

30 min, RT
* Purify Ab by Gelfiltration

* Add transchelator
2-mercaptosthanol
Sn* (gluconate, MDP, tricine)
UDP
* Add TcO,
/ \ * Incubate 10 min, RT
FIGURE 1 L )
General schema showing outline of labeling procedure. * QC with ITLC

Mather & Ellison. J Nucl Med 1990; 31: 692-697

Mather & Ellison. J Nucl M ed 1990 31:692-697



Specific Receptor Binding—
Radiolabeled antibodies

= Tc-ggm labeled antibodies
Direct

fligand®  Indirect: linking Tc-99gm to the Ab through a ligand which
binds to the amino groups of the lysine and arginine
residues of the Ab
Depending on the ligand used, the Tc-ggm is bound either to
the Ab or to the ligand, ligands: iminothiolane, N252 or N3S2
tetradentate
Method of preformed Tcggm- Iigand

= Tc-9ggm diamide dithiolate (% —#fi £.4%; DADS= N2S2): Tcis
bound to the ligand

Derivatized ({)742) method (ligand-Ab first, Tc-ggm labeling
then)
= Iminothiolane—Tc is bound to Ab through —SH group



Example of preformed Tc-99m ligand method

(indirect method)

HN NH sodium
0=( J—o . ®ros dithionite
5 5§
P
R H
R = H,CH,CO 2,3,5,6-1etra

fluorophenol,
carbodiimide

Proc. Nati. Acad. Sci. USA
Vol. 85, pp. 4025-4029, June 1988




Specific Receptor Binding—
Radiolabeled antibodies

" |n-111 & Y-q0 labeled antibodies

Bifunctional chelating agent (BFC)

Choice of a chelating agent depends on the
radiometal to be complexed

DTPA
isothiocyanatobenzyl-DTPA
—>provide high in vivo stability to In-111 Ab

Disadvantage = High concentration in liver, spleen, bone marrow
and intestine

Possibility of kit formation and reasonable long
physical half-life

Advantage



Specific Receptor Binding—
Radiolabeled antibodies

" |In-111 & Y-qo0 labeled antibodies
Macrocyclic bifunctional chelating agent (BFC)

Provide greater in vivo stability forY-go or Cu-67
radiometals

DOTA
TETA
Conjugated at Fc segment:
OncoScint®—> TAG-72 Ag, colorectal & ovarian ca.
ProstaScint®—-> PSMA, prostate ca.
Conjugated randomly
Y-go IDEC-Y2B8



10. Imaging Gene Expression

= Human genome sequencing...2003

= Discovery of molecular mechanisms of
carcinogenesis

= Advances in gene therapy

—>it may be possible to assess gene function
and reqgulation by radionuclide imaging of gene
expression:

1. Antisense imaging

2. Reporter gene imaging




|  Imaging Gene Expression
Antisense imaging

rotate F\]

3 ;- [ e o €

3 |_normal gene |z, ‘FL_2uab jeuiouy '
)

GENE SEQUENCE INVERTED GEN - ANTISENSE GENE

FAGTACCGTACGGTCGATCGTTGGCCTAC £ 91LVO920WVYOOVILO09VIO091LVO991LVIL,

S'F'CATGGCATGCCAGCTAGCAACCGGATGQ S OVL009911901Y901990VLIO00VLOY E‘J

normal transcription transcription

- mRMNA - antisense mRNA
5 UCAUGGCAUGCCAGCUAGCAACCGGAUG 3 5 CAUCCGGUUGCUAGCUGGCAUGCCAUGA 3

transW Q .
%{ EVONVYI2ONVI99N29VNI29NNYS22NVD 5
-

protein

]
5 UCAUGGCAUGCCAGCUAGCAACCGGAUG 3 mRNA-antisense mRNA complex

EVYIONVI229NVYI09N29YVNI9NNO932NVYI .5
[

T blocked translation
% protein




Imaging Gene Expression

Antisense technique/imaging:

Expression of specific genes in vivo
gene radiotherapy

therapeutic monitoring of the effort to block the
expression of the specific gene

Unfortunately, oligonucleotides are poor
pharmaceuticals because of their large size, low
stability and poor membrane permeability.
Hence, chemically modified oligonucleotides

ex: ¢-myc oncogene



Imaging Gene Expression

= Reportergene:

a reporter gene (often simply reporter) is a gene
that researchers attach to a regulatory sequence
of another gene of interest

Regulatory sequence to Reporter gene
be studied (e.g. encoding GFP or

(e.g. a gene’s promoter) luciferase)

-~ mRNA

A reporter protein
. Amount is easily measured
(e.g. GFP by fluorescence)




Imaging Gene Expression

Reporter gene imaging

= Forimaging, reporter genes can be classified
Into two categories:

those that lead to the production of an enzyme
that is capable of metabolizing or trapping a
reporter probe

those that lead to the production of a protein that
acts as a receptor for binding intracellularly or
extracellularly with the reporter probe




Imaging Gene Expression

Example:

Various reporter probes for HSV type 1 thymidine
kinase (HSV1-tk) reporter gene have been
developed:

" 9-(4- 18 F-fluoro-3-
[hydroxymethyl]butyl)guanine (FHBG)

= 2'-fluoro-2'-deoxy-1B-arabinofuranosyl-5-iodo-
uracil (FIAU)
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= Thanks for your attention.
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