An Overview of Molecular Imaging: From Basic Concepts to Translational Medicine

Questions


What is Molecular Imaging? 

by Martin G. Pomper, MD, PhD 
1. Which of the following is the highest sensitivity modality?

A. Positron Emission Tomography

B. Optical Imaging

C. MR Imaging

D. Single Photon Emission Computed Tomography 

2. Which of the following is a desirable quality of molecular-genetic imaging reporters which makes an enzyme more useful than a receptor for in vivo molecular-genetic imaging?
A. Receptor blockade

B. Signal amplification

C. Site specific binding

D. Multidrug resistance

3. Which of the following serves to demonstrate site-specificity of a new imaging probe in the absence of or in conjunction with a relevant gene knockout animal? 

A. Reporter-probe principle

B. Ultrasound imaging

C. Clinical translation

D. Receptor pre-blockade 

4. The “Tracer Principle” provides a route to rapid translation of new drugs into the clinic because:

A. No pharmacologic effect is produced. 

B. No additional biological evaluation is required. 

C. The FDA exempts drugs based on the Tracer Principle from their usual regulatory requirements. 

D. The FDA considers 18F biologically equivalent to an –OH or –CH3 group. 
5. Which of the following PET reporter probes is used in combination with HSV1-tk to monitor gene expression?

A. 124I-FIAU 

B. GFP

C. 125I-FIAU

D. 94mTc-pertechnetate 

6. In Dr. Pomper’s presentation, which of the following did he consider to be Molecular Imaging?

A. Measuring the concentration of NAA in the brain of a patient with ALD

B. Using CT to calculate the permeability surface area of a tumor 

C. Demonstrating decreased fractional anisotropy in the posterior limb of the internal capsule of patients with ALS

D. Proving that no eloquent cortex will be removed during surgery for anaplastic astrocytoma.
Introduction to Molecular Biology

by Ahmed Gharib, MD 

1. The three steps from DNA to proteins are

A.  Replication, Transcription, Translation

B.  Initiation, Transcription, Translation

C.  Elongation, Transcription, Replication

D.  Replication, Elongation, Transcription

2. The four DNA bases are

A.  Thymine, Ribose, Cytosine, Uracil

B.  Thymine, Adenine, Cytosine, Guanine

C.  Uracil, Adenine, Cytosine, Guanine

D.  Ribose, Adenine, Cytosine, Guanine

3. Which two bases are linked by two hydrogen bonds in a DNA helix?

A.  Uracil, Cytosine

B.  Adenine, Guanine

C.  Cytosine, Guanine

D.  Adenine, Thymine

4. Actively transcribed genes are in a relaxed form called ________ while inactive segments are in a condensed form called_________.

A.  Homochromatin, Heterochromatin.

B.  Heterochromatin, euchromatin.

C.  Euchromatin, heterochromatin

D.  Prochromatin, heterochromatin

5. A promoter region signals:

A. The start of translation

B. The start of transcription

C. The start of elongation

D. The end of translation

6. RNA consists of _(number)_____ codons, __(number)_  of which are for stop.

A. 20, 2

B. 20, 3

C. 64,2

D. 64,3

7. How many amino acids are there?

A. 20

B. 24

C. 28

D. 36

8. A DNA molecule used to carry a foreign DNA fragments into the host organism is a ________.

A. Transcription factor

B. Vector

C. Reporter gene

D. Promoter factor

Advanced Biological Techniques

by Vladimir Ponomarev, MD, PhD 
1. Which of the following is the best definition of a reporter gene?

A.  An endogenous gene that encodes a protein than can be imaged.

B.  An endogenous gene that activates a metabolic pathway that can be imaged.

C.  An exogenous gene that encodes a protein than can be imaged.

D.  An exogenous gene that activates a metabolic pathway that can be imaged.

2. Which of the following viral transfection systems results in the most stable transfection of a reporter gene?

A.  Adenovirus

B.  Retrovirus

C.  Vaccinia

D.  Herpes virus

3. Which of the following viral transfection systems results in the most gene expression of a reporter gene?

A.  Adenovirus

B.  Retrovirus

C.  Vaccinia

D.  Herpes virus

4. Reporter genes can be used to image endogenous gene expression by:

A.  Being activated by endogenous protease activity

B.  Being activated by endogenous RNAase activity

C.  Being activated by an endogenous receptor

D.  Being activated by an endogenous promoter

5. Which of the following reporter gene imaging schemes has the highest target to background ratio?

A.  Near-infra-red fluorescence 

B.  Bioluminescence

C.  Green Fluorescent Protein

D.  Red Fluorescent Protein

6. The herpes simplex thymidine kinase reporter gene can be imaged with:

A.  FLT

B.  MIBG

C.  FDOPA

D.  FIAU

Multimodality Molecular Imaging

by Gregory Lanza, MD, PhD

1. Are  PFC nanoparticles considered a multimodal  imaging platform? (Pick Best Answer)

A.  The PFOB nanoparticle outer membrane can be easily modified to present a chelates of nuclear and paramagnetic metals, fluorescent or NIR compounds,  as well as their inherent ultrasound, MRI, and CT contrast afforded by the perfluorooctylbromide core. 

B. They are not multimodal because they can only be used for MRI.

C. They are not multimodal because they can only be used for Ultrasound.

D. They are multimodal because they can be used for imaging and drug delivery.

2. How does vascular constrained targeting of angiogenic biomarkers (for example integrins) differ from small molecules (pick the one false statement).

A. Since integrins are presented on a variety of cell types, not exclusive to neovascular endothelial cells, vascular constraint of targeting can improve homing specificity by eliminating the potential to bind nontarget cell types.

B. Small molecules can bind the same epitope on many cell types with high specificity but lower specificity for the specific microanatomic target, such as angiogenesis.

C. Small molecules provide to inadequate signal to be detected with nuclear imaging techniques.

D. Only very small nanoparticles (<100nm) reach beyond the vasculature to biological targets.

3. What is a multimodal high-sensitivity - high resolution imaging strategy. (Pick Best Answer)

A. Agents are designed to be easily detected with lower resolution high sensitivity imaging modality (e.g., SPECT or PET) and then, if pathology of concern is demarcated, focused imaging with a high-resolution modality (e.g., MRI) can follow.

B. Patients biologically sensitive molecular imaging contrasts are imaged with high resolution techniques.

C. High sensitivity imaging techniques, such as CT, are used to detect nascent disease followed by high resolution nuclear imaging.

D. High sensitivity imaging techniques, such as MRI,are used to detect nascent disease followed by high resolution nuclear imaging.

4. What are disadvantages of nanoparticles over small molecules.

A. Unable to target extravascular epitopes

B. High RES clearance rates

C. More complicated 3D chemistry to synthesize     

D. High payloads of drugs can be coupled and delivered to targets
Molecular Imaging Modalities MR/Spectroscopy

by Jerry Glickson, PhD 

1. Which of the following is NOT NMR active:

A. 2H 

B. 19F 

C. 40Ca 

D. 129Xe

2. MRS sensitivity does not depend on: 

A.  Nucleus

B.  Magnetic Field

C.  concentration

D.  MRS sensitivity depends on all of these

3. Spatial resolution in MRS varies :

A.  Inversely with sensitivity

B.  With the cube root of sensitivity

C.  Directly with sensitivity

D.  With the cube of sensitivity

4. Tumors tend to metabolism 13C-glucose to :

A. 13C-pyruvate

B. 13C-fructose

C. 13C-lactate

D. 13C-ribose

5. Which of these molecules is NMR visible:  

A. 17O2

B.  H217O

C. H218O

D. 18O2

6. Citrate levels ______ in prostate cancer.

A. Are elevated

B. Are lowered

C. Remain the same

D. Are unimportant

7. A MRS technique in which the population of the lower energy level is increased, thus increasing the probability of transition and hence the sensitivity of MRS is known as   _________.

A. Fourier transform spectroscopy

B. hyperpolarization 

C. pulse sequence spectroscopy

D. free induction decay

Optical Imaging: Bioluminescence and Micro PET/CT

by Lily Wu, MD, PhD 

1. Which of the following is an advantage of performing bioluminescent molecular imaging research in small animals? 

A.  High spatial resolution

B.  Excellent quantitation

C.  Animal is its own control

D.  Easy translation to clinic

2. Which of the following is a common reporter gene for bioluminescence imaging? 

A.  Deep sea fish luciferase

B.  Coral luciferase

C.  Sea weed luciferase

D.  Oyster luciferase

3. What is the advantage of using the two step transcriptional activation scheme in reporter gene imaging?

A.  It is more specific to the selected metabolic process

B.  The gene activation occurs more rapidly

C.  It allows activation of nucleosome genes

D. It provides an amplification of the reporter gene protein

4. Which of the following is NOT a reporter gene system that can be imaged with PET?

A.  Iodine symporter

B.  Dopamine receptor

C.  Somatostatin receptor

D.  Adenosine receptor

5. In an experimental model of prostate cancer in the mouse, bioluminescent reporter gene imaging can be used for all of the following except:

A.  Detecting occurrence of trans-capsular extension of tumor

B.  Detecting metastatic disease

C.  Assessing response to treatment with chemotherapy

D.  Assessing response to treatment with androgen withdrawl
Challenges of Pre-Clinical Molecular Imaging (probes, methods, drug development)

by Raymond E. Gibson, PhD 

1. Where does most of the cost in drug development occur? 

A.  Pre-clinical development

B.  Phase I clinical trials

C.  Phase II clinical trials

D.  Phase III clinical trials

2. What contribution can imaging provide to drug development in the pharmaceutical industry?

A.  Provide evidence of biomarker alterations in response the therapeutics

B.  Provide kinetic information about new compounds

C.  Provide data that the concept is flawed (i.e., kill the drug early)
D.  All of the above

3. What problems may occur when using a rat model for new radiotracers imaging the CNS?

A.  It is impossible to image rat brain due to the available resolution of the PET scanner

B.  Receptors in rodent brain do not exhibit the same affinity for a receptor-binding radiotracer as that in the human brain
C.  Nothing, these tracers will translate to the clinic with no difficulty
D.  Rats would never be used to evaluate a new CNS radiotracer

The Pgp is a component of the blood-brain-barrier (and some tumors) which pumps lipophilic, cationic drugs from the brain.   A radiotracer which is a substrate for the Pgp will be removed from the brain and cannot bind to its target binding site.

A.  Hydrophilic, cationic

B.  Hydrophilic, anionic
C.  Lipophilic, anionic 

D.  Lipophilic, cationic
4. A global imaging biomarker provides information on biologic functioning of a tumor and may provide an indication of early drug efficacy.  An example of this is ________A site-specific radiotracer gives information on drug interaction on only a specific site in tumors.  The interaction may not be related to efficacy, but is an indicator of pharmacodynamics in-as-much as specific blockade of the radiotracer is evidence of target engagement (e.g., inhibitor of a specific enzyme).  An example of this is _____.

A.  FDG, [18F] FAHA

B.  FDG, FLT
C. [18F] FAHA, FDG 

D.  FLT, FDG
Overview to Study Design

by Chaitanya R. Divgi, MD

1. There are typically 3 phases to clinical trial development.  A Phase 1 trial usually evaluates:

A. Safety.

B. Efficacy.

C. Accuracy

D. A + B.

2. Development of a radiotracer usually begins with assessment of its:

A. Safety.

B. Dosimetry.

C. Utility.

D. A + B.

3. An Investigational New Drug (IND) application is required for:

A. Any agent studied in a clinical trial.

B. Any study with an agent that is not FDA-approved.

C. Any non FDA-approved agent studied in a clinical trial.

D. Any study that requires a clinical protocol.

4. An exploratory IND allows:

A. First-in-human studies carried out with agents of known toxicity.

B. First-in-human studies with sub-pharmacologic amounts of agent.

C. Clinical studies without pre-clinical primate toxicity data.

D. A + C.

5.  FDA approvals of diagnostic agents are usually applied for after:

A. Phase 2 studies.

B. Phase 3 studies.

C. Randomized clinical trials.

D. 2 carefully controlled clinical trials documenting efficacy.

6. Radioactive Drug Research Committee (RDRC) can authorize the conduct of an investigational diagnostic study that is:

A. Multi-institutional.

B. Carried out in 100 subjects.

C. Known to be toxic at the amounts proposed.

D. None of the above.

Translational Molecular Imaging: Cardiology

by Frank M. Bengel, MD 

1. Which one of the following is NOT an application of clinical cardiovascular molecular imaging?

A. Detection of precursors of myocardial infarction

B. Detection of precursors of heart failure

C. Detection of impaired ventricular contractility

D. Monitoring of novel therapeutic interventions

E. Characterization of individual disease biology

2.  Which cardiovascular imaging targets have been visualized in humans?  (Circle true or false for each option). 

A. Autonomic innervation 


true or false

B. Gene expression (reporter genes)

true or false

C. Substrate utilization


true or false

D. Apoptotic cell death


true or false

E. Labeled stem cells



true or false

3. Which is most important for determining atherosclerotic plaque vulnerability to cause myocardial infarction?

A. Severity of plaque stenosis 

B. Degree of inflammation in plaque lesion

C. Degree of vascular remodeling caused by the plaque

D. Degree of blood flow distal to plaque lesion as determined with  

contrast angiography.

4. What is left ventricular remodeling?

A. A process of adaptive myocardial repair after ischemia where adjacent

 heathy myocardium proliferate and occupy infarcted region.

B. A process of maladaptation after cardiac insult leading to  

continuous chamber dilation and heart failure.

C. A process of neovascularization and re-perfusion after myocardial  

infarction.

D. A process of myocardial repair that involves the downregulation of  

renin-angiotensin-aldosterone neurohormonal axis after acute cardiac  

insult.

E. A process of myocardial hypertrophy leading to heart failure

5. True or false:

Clinical cardiovascular molecular imaging is still in its infancy and requires strong translational efforts to expedite progress.

Translational Molecular Imaging

by Dima Hammoud, MD

1. Molecular imaging targets in the evaluation of Alzheimer’s dementia include neuronal death, neuronal regeneration, and specific histopathological markers such as:

A. Amyloid plaques, cell proliferation, translocator proteins.

B. Senile plaques, translocator proteins, thymidine kinase activity.

C. Amyloid plaques, neurofibrillary tangles, neuroinflammation.

D. Amyloid plaques, neuroinflammation, cell proliferation.

2. A positive 11C-PIB (Pittsburgh Compound B) scan that reflects the presence of amyloid plaques has been observed for:

A. Patients with cognitive impairment and only at early stages of Alzheimer’s dementia. 
B. Some non-demented controls, some patients with cognitive impairment, and across all stages of AD.
C. Patients at all stages of Alzheimer’s dementia only.

D. Patients at late stages of Alzheimer’s dementia only.

3. Ample blood brain barrier (BBB) passage by a good CNS PET or SPECT ligand is best achieved if the ligand has:

A. Higher lipophilicity resulting in decreased protein binding in the plasma, thus decreasing the amount of ligand available to the brain.

B. Lower lipophilicity resulting in increased protein binding in the plasma, thus decreasing the amount of ligand available to the brain.

C. Higher lipophilicity resulting in increased protein binding in the plasma, thus decreasing the amount of ligand available to the brain.

D. Lower lipophilicity resulting in decreased protein binding in the plasma, thus increasing the amount of ligand available to the brain.

4. Microglial cells in the brain (equivalent to macrophages) get activated in response to CNS injury with:

A. Up-regulation of the translocator protein (TSPO) expression on their mitochondrial membrane. 

B. Up-regulation of the translocator protein (TSPO) expression on their mitochondrial intermembrane space. 

C. Down-regulation of the translocator protein (TSPO) expression on their mitochondrial membrane. 

D. Down-regulation of the translocator protein (TSPO) expression on their mitochondrial intermembrane space. 

5. Unlike 18F-Fluorothymidine (FLT), 11C-Methionine (MET) is a radio-labeled amino acid that is used to assess tumor growth, based on: 

A. The activity of thymidine kinase (TK) in growing tumors.

B. Increased DNA synthesis in growing tumors
C. The protein synthetic process in growing tumors.

D. The activity of thymidine kinase (TK) in dying tumors.

6. Although FDG-PET is very useful in the detection and follow-up of extracranial tumors, its use in the evaluation of brain tumors is sometimes limited due to:

A. High background uptake of normal gray matter.

B. High background uptake of normal white matter.

C. Low background uptake of normal gray matter.

D. Low background uptake of normal white matter.

Translational Molecular Imaging

by Michael M. Graham, PhD, MD

1. Which metabolic pathway of C-11 acetate is responsible for visualization of most tumors with C-11 acetate PET imaging?

A. Oxidative glycolysis

B. Lipid synthesis

C. Heme synthesis

D. Cholesterol synthesis

2. F-18 FDOPA is of interest in tumor imaging because its uptake is an indicator of which metabolic pathway?

A. Glycolysis

B. Lipid synthesis

C. RNA synthesis

D. Protein synthesis

3. F-18 Fluorodeoxyglucose uptake in hepatocellular carcinoma is better in poorly differentiated tumors than in well differentiated because of higher levels of which enzyme in the well differentiated tumors?

A. Acid phosphatase

B. Alkaline phosphatase

C. Enolase

D. Pyruvate kinase

4. In-111 Pentetreotide is an oligopeptide directed against somatostatin receptors and has how many amino acids?

A. 5

B. 6

C. 7

D. 8

5. Which of the following agents can be used to characterize angiogenesis activity in-vivo?

A. Fluorodihydrotestosterone

B. Fluoroestradiol

C. Bombesin

D. RGD peptides

6. Hypoxic imaging is likely to be useful for:

A. Identification of radio-resistant tumors

B. Staging prostate cancer

C. Characterizing neuroendocrine tumors

D. Characterizing hepatocellular carcinoma

7. Antisense imaging ligands are usually targeted against:

A. tRNA

B. mRNA

C. SiRNA

D. DNA

8. C-11 choline images are very similar to those obtained with:

A. F-18 Fluorodeoxyglucose

B. C-11 thymidine
C. F-18 FluoroDOPA

D. C-11 acetate


