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Today’s session:

▪ Connection between embryogenesis and tumorigenesis

▪ Reactivated developmental pathways in oncogenesis. 

▪ The context-dependent roles of specific developmental signaling pathways.

▪ The therapeutic potential and limitations of targeting developmental pathways.

▪ In class discussions, a real-world clinical case studies.



Session Info:
❑ Interactive presentation (~20 mins)

 

Brief break 5-7 mins

Team formation: We make five teams, to continue with the rest of the session

❑ Kahoot Quiz on Developmental Oncology (~20 mins): Easy and Fun ☺

Brief break 5-7 mins

❑ Real-life case studies- Discussing why studying and targeting signaling pathways is 

critical and how we can do that as young scientists (~20 mins)

Brief break 15 mins

❑ In class discussion/debate on two of the provided motions. The team selects a 

motion and presents it for or against. 



What comes to your mind when you think of

The Fetus The Cancer

o Rapidly Grows

o Invades

o Manipulates the mother’s immunity

o Reshapes blood vessels

o Rapidly Grows

o Invades

o Manipulates Immune system

o Reshapes blood vessels



What do you think the genetic composition of a Placenta 

would look like?

A. Normal tissue

B. Cancer cell

C. Fetus

D. Unique 



Parallels between placenta and pediatric malignancies



Parallels between placenta and pediatric malignancies

Coorens, T.H.H., Oliver, T.R.W., Sanghvi, R. et al. 2021
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Hanahan, Douglas et al. 2011



Is not

CancerEmbryo

✓ Tightly regulated by gene expression to ensure proper 

development

✓ Involves organized cell proliferation, differentiation, 

and migration.

✓ Guided by genes to produce a final, healthy 

differentiated organism

▪ Dysregulated, with developmental pathways 

improperly reactivated, causing loss of control.

▪ Involves uncontrolled, rapid cell proliferation, 

including aberrant migration and invasion.

▪ Caused by failures in the genetic control network, 

such as mutations in tumor suppressor genes and 

oncogene activation





• Epithelial-to-Mesenchymal Transition enables motility, invasion, and stemness, and is essential in 

development and wound healing. 

• Hijacked by tumors to promote metastasis, therapy resistance, and immune evasion. 

• No direct EMT therapies approved.

• Emerging therapies include AXL inhibitors (bemcentinib), TGF-β inhibitors (galunisertib and bifunctional 

agents), and epigenetic reprogrammers (tazemetostat). 

•  EMT highlights how developmental plasticity enables tumor progression; targeting EMT regulators may 

improve therapy responses. 





Notch Pathway 

• Controls cell fate decisions and differentiation; highly context-dependent oncogenic vs tumor-

suppressor roles

• Acts as an oncogene in T-ALL; a Tumor suppressor in skin and liver cancers. 

• Nirogacestat (γ-secretase inhibitor) is FDA-approved for the treatment of desmoid tumors. 

• Emerging Therapies include CB-103 (pan-Notch transcription complex inhibitor); DLL3-targeted 

therapies (tarlatamab in SCLC). The therapeutic window is narrow. 



Shi et al. 2024



Shi et al. 2024

EMT & Notch CROSSTALK 



Wang J et al. 2023

• Essential in embryonic patterning and organogenesis; normally quiescent in adult tissues except in 

regeneration. 

• Aberrant Hh activation drives medulloblastoma, basal cell carcinoma (BCC), and subsets of AML. 

• Approved Therapies: Vismodegib, Sonidegib (BCC); Glasdegib (AML). 

• Novel / Emerging Therapies include GLI inhibitors in preclinical/early clinical trials and combination 

approaches to overcome SMO resistance. 

• The first pathway that has multiple approved inhibitors. 

Hedgehog Pathway 



• Regulates stem cell renewal and tissue polarity; critical in gut epithelium and embryogenesis. 

• Constitutive β-catenin signaling (APC loss) drives colorectal cancer; it is also implicated in liver and 

ovarian cancers. 

• None FDA-approved;

• Novel / Emerging Therapies: PORCN inhibitors (RXC004, ETC-159) advancing in biomarker-driven 

settings; immune-oncology combos under investigation. 

• Therapeutic targeting is challenging because the pathway is involved in normal stem cell niches. 

Wnt/-catenin Pathway 



Xue  C et al. 2024



Wnt signaling pathway in various cancers

Xue  C et al. 2024



Kumar V. et al. 2021



Dhanasekaran  R et al. 2022

• a key regulator that is involved in many different 

signaling pathways

• Overexpression drives many cancers

• None FDA-approved; historically ‘undruggable’. 

• Novel / Emerging Therapies: eIF4A inhibitors indirectly 

suppress MYC translation. OMO-103 (Omomyc mini-protein) 

etc.

• MYC is central to oncogenesis but difficult to drug; indirect 

targeting strategies are most promising. 

MYC



Dhanasekaran  R et al. 2022



Brief break ~10 mins

Stretch a little &

 Make teams for the Kahoot 
Quiz 



Case Study



Clinical Summary:

A 9-year-old boy presents with fatigue, enlarged lymph nodes, and high white blood cell count. Bone marrow analysis 

reveals >85% immature T-cells expressing CD3 and CD7. Whole-exome sequencing identifies a NOTCH1 gain-of-function 

mutation, leading to constitutive activation of the Notch signaling pathway.

Case 1: The NOTCH1 Mutation in T-Cell Acute Lymphoblastic Leukemia (T-ALL)

Mechanistic Insight:

In normal thymic development, Notch1 signaling regulates the commitment of lymphoid progenitors toward the T-cell 

lineage, ensuring proper timing of proliferation and differentiation. The mutation causes continuous NICD activation, 

even without ligand binding, driving uncontrolled proliferation and blocking differentiation—mimicking a “locked 

developmental state.”

Therapeutic Context:

Treatment with γ-secretase inhibitors (GSIs) shows initial tumor reduction in preclinical models but is limited by 

gastrointestinal toxicity and relapse due to feedback reactivation of alternative pathways (e.g., PI3K/AKT).

Discussion Questions:

1.How does aberrant Notch signaling mimic developmental processes during thymocyte differentiation?

2.What are the risks of targeting a pathway essential for regular tissue maintenance?

3.Could context-dependent inhibition (ligand- or receptor-specific) improve therapeutic outcomes?



In normal thymic development

• Notch1 directs lymphoid progenitors to T-cell lineage by activating programs that promote proliferation and stop early 
differentiation. 

• The gain-of-function mutation in NOTCH1 mimics this developmental “on” state indefinitely, keeping cells in an 
undifferentiated, proliferative early thymocyte-like phase. 

• Basically, the cancer cells stay caught in an endless cycle of development.

Notch signaling is critical for homeostasis in multiple tissues 

• Systemic inhibition of intestinal stem cells, hematopoietic progenitors, and vascular endothelium can lead to serious 
side effects.

• Gastrointestinal toxicity, Anemia, and impaired tissue regeneration. 
• Unmet need for selective targeting (e.g., receptor- or ligand-specific inhibition, temporal modulation) to spare normal 

developmental functions.

Context-dependent inhibition (ligand- or receptor-specific) improves therapeutic outcomes.

• reduce off-target toxicity while preserving physiological Notch signaling. 
• Potential Combination therapies — γ-secretase inhibitors with glucocorticoids or PI3K inhibitors 
 may further improve specificity and therapeutic window by countering pathway redundancy.



Case 2: MYC Amplification in Neuroblastoma

Clinical Summary:

A 3-year-old girl presents with an abdominal mass and elevated catecholamine metabolites. Imaging confirms a large 

adrenal tumor with bone marrow metastases. Biopsy shows poorly differentiated neuroblasts with MYCN 

amplification, a hallmark of high-risk neuroblastoma.

Mechanistic Insight:

During embryonic development, MYCN regulates neural crest cell proliferation, migration, and differentiation. In 

neuroblastoma, MYCN amplification reactivates these proliferative programs, preventing terminal differentiation and 

promoting stem-like properties. The tumor exhibits high protein synthesis and metabolic reprogramming driven by the 

eIF4A–MYC axis.

Therapeutic Context:

Directly targeting MYC remains challenging (“undruggable”). Current strategies focus on translation inhibitors (e.g., 

eIF4A blockers) could be beneficial.

Discussion Questions:

1.How does MYCN amplification hijack developmental programs of neural crest differentiation?

2.Why is MYC considered “undruggable”?

3.What therapeutic strategies exploit MYC’s downstream vulnerabilities, and why they can or can’t work? 



In normal development

• MYCN controls neural crest cell growth and timing of differentiation during embryogenesis. 
• Amplification of MYCN reactivates embryonic proliferation, causing uncontrolled cell division and blocking 

differentiation. 
• Tumor cells resemble “frozen” neural progenitors — proliferative but unable to mature — a hallmark of 

developmental reprogramming in cancer.

• MYC lacks enzymatic pockets or stable binding sites suitable for small molecules. 
• It interacts transiently with DNA and cofactors such as MAX, making direct inhibition challenging. 
• MYC is crucial for normal cell growth, so widespread inhibition could cause systemic toxicity. 

MYC is undruggable 



Therapeutic 
strategies to 
target MYC-
driven tumors. 

Dhanasekaran  R et al. 2022



Translation Initiation



eIF4A inhibition is a highly effective, non-genotoxic therapy for MYC-driven 

Neuroblastoma 



eIF4A inhibitors selectively block MYC protein production 

and demonstrate potent cancer cell killing in vitro. 

➢ The short half-life of MYC makes it vulnerable 

to eIF4A inhibition. 

➢ Targeting eIF4A presents a potential treatment 

approach for MYC-driven cancers.
1
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eIF4A inhibitor targets MYCN-dependent neuroblastoma cells at 

low nanomolar concentrations.

Low nM IC50 confirms the potent killing of NB cells



Click—it AHA protein synthesis assay

eIF4A inhibitor confers nascent translation inhibition in NB

Global Translation is inhibited in multiple NB cell lines

Nobel Prize in Chemistry: 

Carolyn R. Bertozzi, Morten Meldal, and K. Barry Sharpless for 

the development of click chemistry and bio-orthogonal 

chemistry



eIF4A inhibitor effectively targets MYCN production in NB but 

exhibited resistance in the MDR1/PgP expressing NB.

MDR1/PgP expression confers resistance to Silvestrol analogs



eIF4A inhibitors significantly reduce tumor growth in MYCN-

dependent NB, whereas MDR/PgP expression results in resistance.

The expression of MDR1/PgP  provides resistance to Silvestrol analogs in vivo.



eIF4A inhibitors reduce MYCN-dependent neuroblastoma 

growth in vivo.



Strategic approaches to target eIF4A in NB 

(The Nai-Kong Cheung lab, MSKCC)



Debate/Discussion
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