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ABSTRACT

Protein-protein interactions (PPIs) play a fundamental role in oncogenic
signaling, influencing cell proliferation, survival, and metastasis.
Dysregulation of PPIs contributes to cancer progression, making them
attractive targets for therapeutic intervention. This study provides a
mechanistic analysis of PPIs in key oncogenic pathways, including the Ras-
MAPK, PI3K-Akt, and JAK-STAT pathways. We explore the structural
and functional dynamics of PPIs, their role in cancer development, and
strategies for targeting these interactions wusing small molecules,
monoclonal antibodies, and peptide-based inhibitors. The review
highlights emerging computational and experimental approaches in PPI-
targeted therapy and discusses future prospects for improving therapeutic
efficacy.

INTRODUCTION:

Protein-protein interactions (PPIs) are critical
regulators of intracellular signaling networks,
governing cellular processes such as proliferation,
differentiation, and apoptosis. In cancer, aberrant
PPIs disrupt signaling homeostasis, leading to
uncontrolled cell growth and resistance to apoptosis.
Oncogenic pathways, including the Ras-MAPK,
PI3K-Akt, and JAK-STAT cascades, are driven by
specific PPIs that serve as potential therapeutic
targets. Understanding the mechanistic basis of PPIs
in these pathways is essential for developing novel
cancer therapeutics. This review examines the
structural principles underlying PPIs in oncogenic
signaling and their implications for targeted therapy.

Key Oncogenic Signaling Pathways and PPIs

Ras-MAPK Pathway:
i Ras-MAP Kinase Pathway
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differentiation through a cascade of kinase
activations. Ras’s proteins interact with Raf kinases,
initiating a phosphorylation sequence leading to
ERK activation. Mutations in Ras (e.g., KRAS
GI12D) enhance its affinity for Raf, sustaining
aberrant signaling. Structure-based drug design
efforts have targeted the Ras-Raf interaction,
yielding inhibitors such as sotorasib for KRAS-
driven cancers.

PI3K-Akt Pathway:
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Fig.PI3K-Akt Pathway

The PI3K-Akt pathway promotes cell survival and
metabolism. PI3K interacts with receptor tyrosine
kinases (RTKs) to activate Akt via PDKI
phosphorylation. Dysregulated PI3K-Akt signaling,
common in breast and prostate cancers, is often due
to mutations in PIK3CA or PTEN loss. Small
molecules like alpelisib disrupt PI3K-Akt PPIs,
offering therapeutic benefits.

JAK-STAT Pathway:
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Fig. JAK-STAT Pathway

Cytokine receptors engage JAK kinases, which
phosphorylate STAT proteins, driving oncogenic
transcription programs. Constitutive STAT3/STATS
activation is prevalent in leukemia and lymphoma.
Disrupting JAK-STAT PPIs using inhibitors such as
ruxolitinib  has  demonstrated efficacy in
myeloproliferative disorders.

Structural Basis of PPIs in Oncogenic Signaling

Protein Interface Characteristics:

PPIs in oncogenic pathways are characterized by
large, hydrophobic interaction surfaces. Structural
studies using X-ray crystallography and cryo-EM
have identified key binding motifs, such as the Ras
switch regions involved in Raf binding.
Understanding these interfaces is critical for
designing inhibitors.

Computational Modeling and  Molecular
Docking:

Molecular dynamics simulations and Al-driven
docking studies predict PPI binding affinities and
conformational changes upon inhibitor binding.
Advances in structure-based drug design (SBDD)
have led to rational drug discovery efforts targeting
oncogenic PPIs.

Therapeutic Strategies Targeting PPIs:

Small Molecule Inhibitors:

Small molecules targeting PPIs disrupt oncogenic
signaling by interfering with protein interfaces.
Examples include AMG 510 (sotorasib) for KRAS
G12C inhibition and navitoclax, which disrupts Bel-
2/Bax interactions in apoptosis regulation.

Monoclonal Antibodies:

Monoclonal antibodies (mAbs) block extracellular
PPIs, such as RTK-ligand interactions. Trastuzumab
inhibits HER2 dimerization, reducing downstream
oncogenic signaling in breast cancer.

Peptide-Based Inhibitors:

Peptidomimetics and stapled peptides mimic native
PPI interfaces, offering specificity in targeting
intracellular PPIs. Strategies like helix-mimetic
inhibitors of MDM2-p53 interactions are under
clinical investigation.

Challenges and Future Directions: Despite
progress, targeting PPIs remains challenging due to
large, flat interaction surfaces. Advances in
proteolysis-targeting chimeras (PROTACs) and Al-
driven drug design hold promise for overcoming
these hurdles. Future research should focus on
improving PPI-targeting drug stability, selectivity,
and bioavailability.

CONCLUSION: PPIs are central to oncogenic
signaling and cancer progression, making them
crucial targets for therapy. Mechanistic insights into
PPI dynamics and structural features have facilitated
the development of novel inhibitors. Continued
advancements in computational modeling and
experimental approaches will enhance our ability to
design effective PPI-targeted cancer therapies.


https://jmolecularsci.com/uploadedArticles/Volume-32/Issue-4/A56--C--6.pdf

Journal of Molecular Science
REFERENCES:

1.

10.

11.

12.

13.

14.

Yuan, S., et al. (2020). "Structural insights into Ras-Raf
interactions and their implications in targeted therapy."
Nature Communications, 11(1), 3711.

Shaw, A. T., et al. (2019). "Targeting the PI3K-Akt pathway
in cancer therapy." Cancer Discovery, 9(5), 715-735.
Mertins, P., et al. (2016). "Proteomic characterization of
oncogenic signaling pathways." Cell, 167(4), 967-981.
Yang, J., et al. (2021). "JAK-STAT signaling in cancer:
mechanisms and therapeutic opportunities."  Signal
Transduction and Targeted Therapy, 6(1), 23.

Ostrem, J. M., et al. (2013). "K-Ras(G12C) inhibitors
allosterically control GTP affinity and effector interactions."
Nature, 503(7477), 548-551.

Dang, C. V. (2012). "MYC on the path to cancer." Cell,
149(1), 22-35.

Grossmann, T. N., & Bartel, D. P. (2020). "Peptide-based
inhibitors of oncogenic PPIs." Nature Reviews Drug
Discovery, 19(2), 101-118.

Ran, X., et al. (2018). "Targeting protein—protein interactions
with small-molecule inhibitors." Nature Reviews Chemistry,
2(1), 23-37.

Fischer, P. M. (2017). "Design of peptidomimetics for
oncogenic PPI inhibition." Journal of Medicinal Chemistry,
60(5), 1876-1891.

Krishnamurthy, N., et al. (2019). "Advances in PROTAC
technology for cancer therapy." Molecular Cell, 76(2), 398-
410.

Arkin, M. R., & Wells, J. A. (2004). "Small-molecule
inhibitors of protein-protein interactions." Current Opinion
in Chemical Biology, 8(4), 376-384.

Scott, D. E., et al. (2016). "Disrupting protein-protein
interactions with small molecules: progress and challenges."
Nature Reviews Drug Discovery, 15(8), 533-550.

Sievers, S. A., etal. (2011). "Structure-based design of cancer
therapeutics targeting PPIs." PNAS, 108(12), 5466-5471.
Wu, D, et al. (2022). "Machine learning applications in drug
discovery for targeting PPIs." Journal of Chemical
Information and Modeling, 62(3), 654-672.

Journal of Molecular Science
Volume 32 Issue 1, Year of Publication 2023, Page 6-8
Dol-17.4687/1000-9035.2023.003


https://jmolecularsci.com/uploadedArticles/Volume-32/Issue-4/A56--C--6.pdf

