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ellular adaptation & cell injury
2. Atrophy .
3. Hypertrophy
4. Hyperplasia
5. Metaplasia
6. Intracellularacg altered steady
substancesora state viability is preserved
: Lipids However, some normal function may
= Proteins be lost
= Glycogen
= Pigment/ Bilir
= Calcium -

7. Cellinjury |
8. Cell Death




Altered cellular and tissue biology

= Cellular adaptations

= Cellularinjury

Biochemical mechanisms
ATP depletion
Oxygen & oxygen-derived free radiclas
Intracellular Ca2+ & loss calcium homeostasis
Mitochondrilal dysfunction
Defects in membrane permeability

Intracellular accumulation

= (Cell death

Necrosis
Coagulation necrosis
Liquefaction necrosis
Caseous necrosis
Fat necrosis
Apoptosis




Radiopharmaceuticals

= Nuclear medicine, in the simplest terms, is the
medical specialty based on examining the
regional chemistry of the living human body.

NM diagnostic procedures involve 4 types of
measurement:

1. regional blood flow, transport, and cellular
localization of various molecules

2. metabolism and bioenergetics of tissues
3. physiological function of organs
4. intracellular and intercellular communication




Eight categories:

Radiolabeled particles
Radiolabeled gases

Radiolabeled chelates
Radiotracers as ions

Radiolabeled cells
Receptor binding radiotracers
Radiolabeled monoclonal antibodies
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Radiolabeled metabolic substrates



Radiopharmaceutical

Radiolabeled particles  {ilfl
9mTc-MAA, 10-50 pm
#mTc-DTPA, aerosol, 1 -4 pm
#mTc-Sulfur colloid, 0.1-1.0 um
#mTc-SC, filtered 0.1-0.3 pm

#mTc-HSA (nanocolloid), 0.02 pm
#mTc-Antimony sulfide colloid, 0.1 pm

Radiolabeled gases
133}(&, lZ?Xe: ElmKr
#mTc-Technegas, 0.004 -0.25 p

Radiolabeled chelates
#mTe_MDP, HDP

#mTc-DTPA

PmTc_MAG3

PmTI-DMSA

PIMTV-DMSA

#mTe.Disofenin and mebrofenin
#mTc_Ceretec and Neurolite
9ImTe_sestamibi and tetrafosmin
99mTc_gestamibi, and tetrafosmin

HTn-DTPA
In-oxine
57Ga-citrate

Radiotracers as ions
#mTc-pertechnetate (TcO,”)
1231,131]-sodium iodide (I°)
82Rb-chloride, Rb*
201T]-thallous chloride, TI(OH),*

Application

Capillary blockade
Sedimentation in bronchioles
Reticuloendothelial function
Lymphatic drainage
Lymphatic drainage
Lymphatic drainage

Alveolar transit-capillary diffusion
Alveolar transit-capillary diffusion

Bone formation

Blood brain barrier disruption

Renal function glomerular filtration

Renal function, tubular secretion

Binding to renal parenchyma

Tumor cell uptake

Hepatobiliary function

Blood flow

Blood flow

Tumor viability and multidrug
resistance, MDR (Pgp expression)

CSF flow

Radiolabeling white cells

Tumor viability, capillary leakage

Thyroid function (trapping)
Thyroid function (trapping)
Blood flow

Blood flow

Tumor viability

Indication for imaging

Lung perfusion

Lung ventilation

Liver, spleen, and bone marrow
Breast cancer and melanoma
Breast cancer and melanoma
Breast cancer and melanoma

Lung ventilation
Lung ventilation

Metastatic bone disease, neuroblastoma,
osteosarcoma

Brain tumors

Renal blood flow and renogram

Renogram

Renal scan

Medullary carcinoma of thyroid

Hepatobiliary imaging

Brain imaging

Myocardial perfusion

Breast cancer, parathyroid adenoma, brain
tumor

Cisternogram

Labeled leukocyte thrombus imaging

Tumor and infection imaging

Thyroid imaging

Thyroid uptake, imaging therapy
Myocardial perfusion

Myocardial perfusion

Tumor imaging (brain, parathyroid, thyroid)




Radiolabeled cells
HlTn-leukocytes
Hn-platelets
ICr-RBCs
#mTc-RBCs

9mT-_RBC (heat dE‘IlEI.tU.I'E'd)

Receptor binding radiotracers
"n-pentetreotide, Octreoscan
#PmTc-P829, Neotec
¥mT-_P280, Acutect

#mTc TRODAT-1

1231-VIP

BII.NP-59

1231 or PII-MIBG
['!C]Raclopride
1231 1BZM

['®F]fluoro-estradiol (FES)

Cell migration and phagocytosis
Cell incorporation in thrombus
Dilution in blood compartment
Cardiac function

Blood pool

Spleen

Somatostatin receptors

Somatostatin receptors

GP IIb/IlIa receptors

Dopamine transporter

VIP receptors

LDL receptor, cholesterol metabolism

Presynaptic adrenergic receptors
Adrenergic tissue uptake

Dopamine D2 receptors
Dopamine D2 receptors

Estrogen receptors

Infection imaging

Thrombus imaging

RBC mass and blood volume

Cardiac ejection fraction, wall motion
Hemangioma, GI bleeding

Accessory splenic tissue

Neuroendocrine tumors

Lung cancer, NE tumors

Thrombus imaging, DVT

Brain imaging-dopamine D2 receptors

Gastrointestinal tumors

Adrenal carcinoma, adenoma, Cushing’s
syndrome

Myocardial failure

Tumor imaging (pheochromocytoma,
neuroendocrine, neuroblastomas)

Brain imaging-dopamine D2 receptors

Brain imaging-dopamine D2 receptors,

tumor imaging, malignant melanoma

Breast tumor imaging



Radiolabeled monoclonal antibodies

H1Tn-Oncoscint, B72.3 1gG
""In-Prostascint, 7E11-C5.3 IgG
#¥mTc-CEA-Scan, IMMU-4 Fab’
PmTe_Verluma, NR-LU-10 Fab’
#mTc-fanolesomab (CD15)

"1 n-antimyosin

Radiolabeled metabolic substrates
I8F-Fluorodeoxyglucose, FDG

'*F-Fluorothymidine

1 C-choline

[1!C] or ¥I-methyl tyrosine
HC-methionine
['!C]-thymidine

['8F] and '**I-fatty acids
[*’Co]-vitamin B,
¥F_fluoromisonidazole
18F-fluoroethyltyrosine(FET)

TAG-72 antigen

PSMA (intracellular epitope)
CEA

Cell surface GP as antigen
Granulocyte antigen CD15
Antimyosin

Tumor viability and metabolism
Glucose metabolism

Cell proliferation

Cell proliferation

Protein synthesis, protein upregulation
Amino acid transport

DNA synthesis, cell proliferation
Myocardial metabolism

Vitamin B,, absorption

Hypoxia and oxidative metabolism
Amino acid transporter

Colorectal and ovarian cancer

Prostate cancer

Colorectal cancer

Small cell lung cancer

Appendicitis

Acute myocardial infarction, heart
transplant rejection

Tumor imaging

Brain and cardiac imaging
Tumor imaging and monitoring treatment
Brain tumors

Brain tumors

Brain and pancreatic tumors
Brain tumors

Cardiac imaging

Pernicious anemia

Tumors selected for radiotherapy
Brain tumors




| Cont.

Table 2.3. Radiopharmaceuticals for therapy

Radiopharmaceutical

BlT.sodium iodide
BIL_MIBG

Bl-anti B1 antibody
Y -MXDTPA-anti Bl antibody
32P-chromic phosphate (colloid)

32P-orthophosphate

9Sr chloride
133Sm-EDTMP
H7mgn-DTPA

186Re-HEDP

Y -DOTA-Tyr’-octreotide
Y -DOTA-lanreotide
PYb-ibritumomab

Application

Thyroid function
Adrenergic tissue

Anti CD22 antigen
Anti CD22 antigen
Cell proliferation and protein synthesis

Cell proliferation and protein synthesis
Exchanges with Ca in bone

Binds to hydroxyapatite

Binds to hydroxyapatite

Binds to hydroxyapatite

Somatostatin receptors

Somatostatin receptors

Lymphocyte antigen CD20

Specific tumors

Differentiated thyroid carcinoma

Colorectal cancer metastatic to liver and
bladder cancer

Lymphoma

Lymphoma

Peritoneal metastases, recurrent malignant
ascites

Polycythemia vera

Palliation of pain due to bony metastases

Palliation of pain due to bony metastases

Palliation of pain due to bony metastases

Palliation of pain due to bony metastases

Neuroendocrine tumors

Neuroendocrine tumors

Lymphoma




The mechanisms of radioisotope

localization

= |sotope dilution

= Capillary blockade

* Physicochemical adsorption

= Cellular migration and sequestration
* Membrane transport

= Metabolic Substrates and Precursors
= Tissue Hypoxia

= Cell Proliferation

= Specific Receptor Binding

* Imaging Gene Expression




1. Isotope dilution

= VaxCa=V2C2;V: volume, C: concentration

= Quantitation of:
RBC volume (mass)
plasma volume
Total blood volume

= Tc-9g9gm RBC EF (MUGA); RBC scan for bleeding

= |tisvery important that the radiotracer remain
only in the blood volume to be measured




MmEs = (Plasma Volume, PV )
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4l 1m¥Ek7 = (Red Blood Cell Volume, RV)

* Tracer: Na25*CrOg4
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LLmEkEAHIE (Red Cell Survival)

= Tracer: Na25*CrO4
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BRIIREFAHIE (Detection of

Sites of Red Cell Destruction)
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2. Capillary blockade

= Microembolization
= To determine the perfusion of an organ
= Lung/ heart/ brain
* Tc-ggm MAA: 10-50 um
Pulmonary capillary: 8 um
Arteriole: 20-25 um

* Gold standard for determination of perfusion

Microsphere
In experimental animal studies




3. Physicochemical adsorption

* Tc-ggm labeled phosphonates used in bone
scan: MDP, HDP

* Phosphonates accumulate in

(contaning Ca2+ & phosphate
ions) matrix or in the




Phosphonate vs. Phosphate #ifigEs

= [norganic phosphate: salt of phosphoric acid
= Organophosphate: ester of phosphoric acid

Phosphoric acid Phosphorous Acid  "Phosphonic Acid"

= H3PO3: Phosphorous acid gofgfig, phosphonic
acid BENE emmstorm mmsm A (e




Phosphonate vs. Phosphate #ifigEs

= Phosphate: P-O-P bond .‘ A o
Falkaline phosphataseffJsubstrate K. YK A4
ﬁi&?xi%ﬁz Pyrophosphate

= Phosphonate: /5 P-C-P bondfV{L &%
C-PO(OH), or C-PO(OR), @ |
N+&alkaline phosphatasef\substrate Q A I
iphosphatefs E C P .‘

Bisphosphonate




bis

Structure of MDP
(methylene diphosphonic acid)

Tc-ggm MDP

From Website OPEN i beta
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Hydroxyapatite (HA) crystal matrix

» Hydroxyapatite = hydroxylapatite
0 CalO(PO4)6(OH)2

& Screwadsca § Oxygen

Hydroxyapatite

Figure 1. Stracture of terdrooarapatite




Uptake mechanism of Tc-99m MDP

endothelial cells

» Blood =& extracelluluar fluid 7% HA/ACP

» Physicochemical adsorption... in osteoblastic
region
= |n soft tissue... excess calcium

Chemisorption on the surface of calcium salts

Cell hypoxia & cell death would lead to increased
deposition of calcium phosphates in ECF



4. Cellular migration and

sequestration

= Chemotactic factors in infection sites..WBC

In the first 6-12 hrs, the predominant cells infiltrating a
site of infection are PMNs

In-111-0xine-labeled WBC
Tc-9gm-HMPAO-labeled WBC
FEE-PMNs (neutrophil)#flabeled, but why?

= Active thrombus formation...Platelet
In-111-labeled platelet

= Accessory splenic tissue
Heat-damaged Tc-ggm RBCs




5. Membrane transport—

Simple diffusion
= Concentration: high—> low
= Xe-133, Xe-127, Kr-81m
Inert lipophilic gases
Distribution proportional to ventilation



Membrane transport— piffusion &
intracellular metabolism/ binding

= Blood-brain barrier (BBB)

Endothelial cell of cerebral vessels, continuous layer
w/o gap junctions
Preventing water-soluble molecules
Tc-ggm pertechnetate, Tc-ggm DTPA in brain scan
Only accumulate in lesions with defects in BBB
Allowance of small, neutral and relatively lipophilic
molecules to cross BBB
1-123 IMP, Tc-ggm HMPAO, Tc-ggm ECD

Retention due to or
to polar metabolites/ charged complexes




HMPAO

Tc-9ggm HMPAO

From website: wikipedia, Technetium (99™Tc) exametazime




Blood

Membrane

®"Te [IECD(COOH,CH.,), “nTe LILECD(COOH,CH,),

Tc-ggm ECD

Extracellular
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Tcggm-pertecnetate

esterasc

#nT¢ I1,I-ECD(COOH),+2CH,CH,0H

Red cell membrane Intracellular
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Diffusion and mitochondrial
binding

= Tc-ggm MIBI, tetrofosmin and furifosmin vs. Tl-201

= Tc-ggm MIBI vs. Tl-201:

Similar: cationic, cross cell membrane involving only
passive diffusion (temperature dependent and non
saturable)

Different: MIBI-> mitochondrial binding; Tl-2012>
remain in cytoplasmic compartment




Tc-99m sestamibi and tetrofosmin

= Piwnica-Worms et al.:

Cellular entry of MIBI (9o%) is related to mitochondrial
metabolism & negative inner membrane potential

Tetrofosmin: accumulated in cytosolic fraction
= MIBI metabolism: not organ/tumor specific

= With , extracellular calcium enters
cells and sequestered in the mitochondria=> mitochondria
destruction—> block MIBI binding to mitochondria

= |n , uptake & retention (of Tc-cationic agentes,
including MIBI & tetrofosmin) is related to back diffusion
or efflux
Mediated by Pgp (P-glycoprotein)
17-KD plasma membrane lipoprotein
Encoded by MDR (human multidrug resistance) gene




= To be continued.
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