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INTRODUCTION

The development of cancer involves successive genetic and 

epigenetic alterations that allow cells to escape 

homeostatic controls that ordinarily suppress inappropriate 

proliferation and inhibit the survival of aberrantly proliferating 

cells outside their normal niches.







Gain of function(GOF)

Complex interplay between the tumor cells and surrounding non-neoplastic cells and the 
extracellular matrix (ECM). 

DNA damage induced by environmental carcinogens or mutations arising from replication errors

These alterations confer a selective advantage to the cells, which together with changes in the 
microenvironment, promote tumor growth and progression. 

Gain-of-function mutations, producing so-called oncogenes that drive tumor formation. 

Others inactivate tumor suppressor genes that normally ensure that cells do not proliferate 
inappropriately or survive outside their normal niche.



GAIN OF FUNCTION MUTATION
◦ Driver mutation & passenger mutation

Trends Biochem Sci. 2019 Aug; 44(8): 659–674.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=31047772




GOF-MUTANT P53

◦ Cell proliferation

◦ Metastatsis

◦ Genomic instability

◦ Cell differentiation and stemness

◦ Tumour microenvironment and immune response regulation

◦ Cancer therapy resistance

Journal of Molecular Cell Biology, Volume 12, Issue 9, September 2020, Pages 674–687





TUMOUR MICRO ENVIRONMENT

Cross-talk within the cancer microenvironment cell-to-cell contact 

1. adhesion molecules,

2. electrical coupling

3. passage through gap junctions,

4. indirect through classical paracrine signaling by cytokines, growth factors, and 

extracellular vesicles. 

Therapeutic approaches for modulation of cell-cell communication may be a promising 

strategy to combat tumors.













Communication in the Cancer Microenvironment as a Target for Therapeutic 
Interventions
Cancers (Basel). 2020 May; 12(5): 1232

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7281160/


Chromatin-regulating proteins as 
targets for cancer therapy
Journal of Radiation Research, 2014, 55, 613–628



Trastuzumab Emtansine for Residual 
Invasive HER2-Positive Breast Cancer
N Engl J Med 2019; 380:617-628

Rate of pneumonitis T-DM1, at 1.5% compared with 0.7%.(Transtuzumab)

“Radiation related skin injury” was reported in 25.4% of T-DM1 arm, compared to 
27.6% on the trastuzumab arm. 

Grade 1 and 2 radiation-related skin injury were significantly more common than Grade 
3 toxicity, which was noted in 10 patients (1.4%) on the T-DM1, compared to 7 (1%) on 
the trastuzumab arm. 



Cyclin dependent kinase

◦ The CDK4/6  act at the G1-to-S cell cycle checkpoint.

◦ This checkpoint is tightly controlled by the D-type cyclins and CDK4 and CDK6. 

◦ When CDK4 and CDK6 are activated by D-type cyclins, they phosphorylate the retinoblastoma-

associated protein (pRb). 

◦ This releases pRb’s suppression of the E2F transcription factor family and ultimately allows the cell to 

proceed through the cell cycle and divide

◦ CDKs are upregulated by cyclins (A, B, D and E) and downregulated by cyclin-dependent kinase 

inhibitors such as p16INK4a and p21Cip1



CDK4 &6 INHIBITOR

◦ PALOMA 3 TRIAL 

palbociclib and fulvestrant (an ER antagonist)  Vs placebo and fulvestrant for 

women with ER+ HER2- metastatic  breast cancer that have relapsed or progressed 

during prior hormone therapy, Including a substantial portion of patients (33%) with prior 

chemotherapy for metastatic disease. 

The interim analysis of this study demonstrated a significantly improved median PFS (9.5 

months Vs 4.6 months, respectively)



CKI

◦ Flavopirdol enhance cytotoxicity in glioblastoma cells was  with temozolomide 

◦ CKIs suppressing the DNA repair mechanism at the G2/M phase of the cell cycle

◦ small molecule CGP 75414A induced cell cycle arrest and apoptosis in human 
leukemic cell lines, and caused a modest G2/M arrest, apoptosis via Poly(ADP-ribose 
Polymerase (PARP) cleavage and mitochondrial damage in U937 monocytic human 
cancer cells by inhibiting the activity of CDK2 and CDK4

◦ small molecule  (BA-12 and BP-14) of the roscovitine were shown to induce 
accumulation of hepatocellular carcinoma cells in G2/M and S/G2 phases of the cell 
cycle, suggesting that both BA-12 and BP-14 possess antiproliferative activity  



Chemical component in peppers, capsaicin (that has known anti-tumor properties), 

resulted in the degradation of mutated p53 by activating autophagy and lead to cell 

death in NSCLC cells 

Many mutated p53 forms can stimulate (mTOR) and block autophagic processes that 

could otherwise be tumor suppressive, leading to anti-apoptotic and pro-proliferative 

responses in breast and pancreatic cancer 

small peptides that prevent the ability of mutated p53 to bind to target proteins, and 

such peptides enhanced the therapeutic effects of adriamycin and cisplatin by 

inducing apoptosis 

Destabilization of mutated p53 complexes could also be achieved in cancer cells using 

small molecules PK-083 and PK-7088, resulting in activation of pro-apoptotic Noxa

expression and apoptosis.



AURORA –A KINASE

Aurora-A regulates cell cycle progression by regulating the spindle and mitotic checkpoints.

Its main functions are mitotic regulation, promotion of mitotic entry, and cell growth arrest . 

Overexpression of Aurora-A is linked to breast, ovary, and colon tumors

Moreover, overexpression of Aurora-A has been associated with radio- and chemoresistance in 

laryngeal cancer cells,cervical cancer and breast cancer.

Aurora-A has been suggested to induce chemoresistance in several cancers by reducing 

apoptosis via activation of the NF-κB/miR-21/PTEN (phosphatase and tensin homolog) signaling

pathway and Akt through inhibition of the p53/PTEN cascade.



AKA-INHIBITOR

◦ Aurora-A kinase inhibitors currently used in preclinical and clinical studies include 

MLN8054, PF-03814735, AS703569, MK-0457, MK-5108, MSC1992371A and MLN8237. 

◦ small molecule inhibitors MLN8237 was effective in treating acute myelogenous 

leukemia and chronic myelogenous leukemia in Phase II trials when used in 

combination with cytarabine  and nilotinib

◦ Another Aurora-A kinase inhibitor, MK-5108 (Phase I), inhibits cell growth and induces 

G2/M arrest in chemoresistant epithelial ovarian cancer stem cells by affecting the NF-

κB pathway 



BRCA 

◦ . The BRCA1/2  cell cycle checkpoint control, chromosome remodeling, transcriptional 

regulation, DNA repair, and apoptosis.

◦ BRCA1/2 are essential for both S and G2/M checkpoints in response to DNA damage 

caused by either radio or chemotherapy, and play important roles in multiple DNA 

repair pathways such as homologous recombination (HR) and transcription-coupled 

nucleotide excision repair (TCNER) 

◦ Therefore, BRCA1/2-null cancers are more sensitive to platinum-based DNA damaging 

agents and to PARP inhibitor



◦ Mutations in p53 upregulate BRCA1 and induce resistance to cisplatin in breast cancer. 

◦ BRCA1 can activate the transcriptional target TDP2 that pairs with ETS2 and mediates 

etoposide resistance in mutp53-bearing cells.

◦ Inhibition of the homologous recombination (HR) pathway proteins RAD52/51 with small 

molecule D-I03 can specifically inhibit the biochemical activities of RAD52 and suppress 

growth of BRCA1 and BRCA2 null cells .

◦ PARP inhibitors  are also capable of sensitizing tumor cells with impaired HR activity by 

genomic instability and cell death. 

◦ Since BRCA1 and BRCA2 mutated cells lack HR pathways, such inhibitors improve the 

effectiveness of chemotherapy in breast and ovarian cancer treatment.



WNT SIGNALLING

◦ Upregulation of WNT5A is associated with breast cancer, prostate cancer,melanoma and 

pancreatic cancer indicating its oncogenic role in these cancers.

◦ WNT5A is thought to induce chemoresistance in pancreatic cancer through enhanced 

PI3K/Akt signaling that affects the G1/S phase transition 

◦ WNT5A was highly expressed in BRAF inhibitor (BRAFi)-resistant melanoma tumors [95]. 

The drug resistance mechanism appears to be that high levels of WNT5A activates signaling

through Fzd7 and Ryk receptors that induce PI3K/Akt signaling resulting in increased growth 

and therapeutic resistance to BRAF inhibitors 

◦ WNT5A activates the WNT/protein kinase C (PKC) signaling pathway that is highly 

expressed in many cancers and causes chemoresistance by partly activating WNT/β-catenin 

signaling



◦ WNT5A knockdown showed an increase of cells in G0/G1 phase and a 

decreased cell number in S phase, which enhanced the chemosensitivity of 

pancreatic cancer cells to gemcitabine 

◦ WNT5A contributed to drug-resistance by enhancing anti-apoptosis ability in 

pancreatic cancer cells 

◦ WNT5A mediated gemcitabine chemoresistance was via the regulation of cell 

cycle, a target for chemotherapeutic response in pancreatic cancer.



Concurrent use of palbociclib and radiation therapy: single-centre experienceand review of the literature  
British Journal of Cancer volume 123, pages905–908 (2020

https://www.nature.com/bjc


check point inhibitor







◦ PD-1 inhibitors

◦ Examples of drugs that target PD-1 include:

• Pembrolizumab

• Nivolumab

• Cemiplimab

◦ PD-L1 inhibitors

◦ Examples of drugs that target PD-L1 include:

• Atezolizumab 

• Avelumab 

• Durvalumab 

CTLA-4 inhibitors

Ipilimumab&Tremelimumab.

LAG-3 inhibitors

Relatlimab



Apoptosis as Target

There are three main known mechanisms by which cancer cells acquire 

apoptosis resistance: 

(1) a disruption in the balance between pro- and anti-apoptotic proteins.

(2) an impairment of signaling through death receptors. 

(3) a reduction in the function of caspases.













CAM AS TARGET



Cell-Cell Communications: New Insights in Targeting Tight Junctions through Phytochemicals for Potential 
Cancer Therapeutic Adjuvants

plant derived bioactive compounds such as 

quercetin, berberine, genistein, capsaicin, 

curcumin, and many more natural 

compounds have been shown to be 

effective in enhancing the TJ 

integrity via TJ proteins and inflammatory 

signalling pathways,



proteomics

◦ Proteomics involves a wide range of processes such as protein expression 
profiling, protein modifications, protein-protein interactions, protein structure, 
and protein function









TOXICOPROTEOMICS
◦ Toxicoproteomics is a new scientific method that combines proteomic 

technologies with bioinformatics.

◦ Liver carcinogen N-nitrosomorpholine (NNM) cause,up regulation of stress 

proteins, including caspase-8 precursor, vimentin, and Rho GDP dissociation 

inhibitor. 

◦ Toxicogenomics, a discipline that determines genetic susceptibility of a 

particular individual following exposure to a carcinogenetic agent, 

toxicoproteomics allow the monitoring of the body’s response to a specific 

toxicant





TAKE HOME MESSAGE

◦ Multi omic approach.

◦ Proteomics,Genomics,metabolomics,transcriptomics,epigenomics,Radiomics.

◦ Personalised medicine (tumour cell biology)
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