Personalized Medicine in Neurodegenerative Diseases
Question 1 – Heterogeneity & Personalized Medicine
1A. Explain why neurodegenerative diseases (e.g., Parkinson’s disease or Alzheimer’s disease) cannot be treated with a one-size-fits-all approach.
1B. Provide three distinct sources of heterogeneity within a single neurodegenerative disease, and illustrate how each one can influence disease progression or treatment response.
1C. Based on this heterogeneity, justify why personalized medicine is essential in the context of neurodegenerative diseases
Question 2 – iPSC Reprogramming, Advantages & Limitations
2A. Describe the key biological changes that occur when a somatic cell is reprogrammed into an induced pluripotent stem cell (iPSC).
2B. Explain what iPSCs retain from the patient and why this is important for modeling neurodegenerative diseases.
2C. Explain what is lost during reprogramming and discuss how these losses affect the modeling of late-onset neurodegenerative diseases.
Question 3 – Organoids: Potential & Limitations
Sub-questions:
3A. Describe two major advantages of brain organoids for studying neurodegenerative diseases compared with 2D neuronal cultures.
3B. Describe two important limitations of organoids, particularly for modeling late-onset neurodegenerative diseases.
3C. Explain how organoids and 2D iPSC-derived neuronal cultures complement each other in personalized disease modeling.
Question 4 – Personalized Medicine Pipeline for Parkinson’s Disease
4A. Outline a possible personalized medicine pipeline for Parkinson’s disease that integrates patient stratification, iPSCs, organoids, and therapeutic development.
4B. Explain why rodent models alone are insufficient to support this personalized medicine pipeline.
Question 5 – Lewy Body Diversity and Its Implications
5A. Describe two important morphological or biochemical variations observed in Lewy bodies in human Parkinson’s disease brain tissue.
5B. Explain why this diversity challenges the assumptions behind classical rodent models of Lewy body pathology.
5C. Discuss how Lewy body heterogeneity supports the development of personalized therapeutic strategies.

Question 6 – iPSCs: Advantages, Limitations & Therapeutic Use
6A. List and briefly explain three major advantages of using patient-derived iPSCs for neurodegeneration research.
6B. List and briefly explain three important limitations of iPSC-based models.
6C. Describe how iPSC-derived dopaminergic neurons are being used in emerging therapeutic strategies for Parkinson’s disease.
6D. Explain the importance of isogenic controls when using iPSC-based disease models.
Question 7 – Organoids: Advantages & Limitations in More Detail
7A. Provide two key advantages of organoids specifically for modeling neurodegenerative diseases.
7B. Provide two key limitations that affect the interpretation of organoid data in the context of human disease.
7C. Explain how data from organoids and 2D neuron cultures can be integrated to support personalized approaches.
Question 8 – Integrated Personalized Medicine for NDDs
8A. Propose an integrated personalized medicine strategy for a neurodegenerative disease of your choice (e.g., PD or AD), using concepts from patient heterogeneity, iPSCs, and organoids.
8B. Discuss why traditional, uniform treatment strategies are unlikely to achieve optimal outcomes in this context.
Question 9 – Environmental & Lifestyle Factors in Neurodegenerative Diseases
 9A. Provide a comprehensive explanation of how environmental and lifestyle exposures (such as pesticides, heavy metals, air pollution, infections, or microbiome dysbiosis) contribute to patient-to-patient heterogeneity in neurodegenerative diseases, despite shared clinical diagnoses.
9B. Discuss in depth how environmental exposures interact with genetic susceptibility to shape individual disease trajectories in conditions such as Parkinson’s disease or Alzheimer’s disease.
9C. Explain, with detailed justification, what aspects of environmental influence can and cannot be modeled using patient-derived iPSCs and organoids.
Question 10 – Biomarkers and Disease Stratification
10A. Provide a detailed explanation for why classical biomarkers (e.g., loss of dopaminergic terminals in PD, amyloid accumulation in AD) fail to capture the mechanistic heterogeneity observed across patients.
10B. Discuss the consequences of relying on such biomarkers for diagnosis, patient stratification, and clinical trial design.
10C. Explain how human-derived iPSC and organoid platforms can contribute to the discovery of next-generation mechanistic biomarkers.
Question 11 – Selective Neuronal Vulnerability
11A. Define selective neuronal vulnerability and explain why it is a central concept in neurodegeneration.
11B. Provide two detailed examples of selective vulnerability in PD or AD and describe the underlying mechanisms that contribute to this vulnerability.
11C. Explain how brain organoids can be used experimentally to investigate mechanisms of selective vulnerability.
Question 12 – Limitations of Personalized Cell Models and How to Overcome Them
12A. Identify and elaborate on two major limitations of using patient-derived iPSC or organoid models in personalized medicine.
12B. Discuss how these limitations may lead to inaccurate therapeutic predictions in preclinical testing.
12C. Propose detailed strategies to overcome or mitigate these limitations.


