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The Hallmarks of Cancer 

This illustration encompasses the six hallmark capabilities originally proposed in our 2000 
perspective. The past decade has witnessed remarkable progress toward understanding the 
mechanistic underpinnings of each hallmark. 
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http://www.eurostemcell.org/it/node/14789 

CANCER STEM CELL THEORY Only few cells in the tumor can: 

•self-renew 

•indefinitely proliferate 

•differentiate 



ASYMMETRIC CELL DIVISION: 

THE HALLMARK OF STEMNESS 





Jiang et al., 2017 



Aponte and Caicedo, 2017 



Dawood et al., 2014 



CD133: brain stem cell marker (red) 

semisolid medium cultures,  

mimicking in vivo tumorigenesis 



Aponte and Caicedo, 2017 



Fig. 2. Fundamental pathways deregulated in cancer stem cells. Developmental signal transduction pathways, including NOTCH, WNT and 

Hedgehog are highly associatedwith CSC phenotype. Additional signal transduction is mediated by receptor tyrosine kinases (RTK), like 

HER2, and PI3k/AKT pathway or JAK/STAT pathway. Regulation of CSC through interleukins adds an additional layer to the regulatory 

network. Abbreviations: ADAM, A disintegrin and metalloproteinase; CSL, CBF1/Su(H)/Lag-1; DLL, Delta-like ligand;Dvl, Disheveled; FAK, 

focal adhesion kinase; GF, growth factor; HAT, histone acetyltransferase; HhN, Hedgehog ligands; HPI 1, hedgehog protein inhibitor 1; IRGs, 

inflammation-relatedgenes; JAG, jagged ligands; LRP, low-density lipoprotein receptor-related protein; MAML1, Mastermind-like 1; MDC, 

multiprotein destruction complex; MMPs, metalloproteinases;NICD, NOTCH intracellular domain; PIAS, protein inhibitors of activated STATs; 

RTK, receptor tyrosine kinase; SKIP, ski-interacting protein; Smo, smoothened; SOCS, suppressor ofcytokine signaling; SuFu, suppressor of 

fused, TACE, TNF-˛ converting enzyme; Tcf/Lef, T-cell factor/lymphoid enhancing factor  (Fonseca et al., 2017). 



Fig. 1. Mechanism of Wnt/-catenin signalingpathway in colon cancer. In normal stem cells, the Wnt/-catenin signaling pathway starts 

with the binding of a Wnt ligand to a Frizzled-related protein. After binding of Wnt ligand to receptor, Disheveled (Dsh) gets activated by 

phosphorylation, this in turn inactivates GSK-3ˇ, a key modulator of this signaling pathway. As a result, ˇ-catenin levels increases 

intracellularly and allowing translocate into the nucleus. There it interacts with T-cell factor/lymphoid enhancerbinding factor (TCF/LEF) 

and activates the transcription of Wnt target genes which are necessary for cellular proliferation and survival (cyclin D1, cMyc, etc.). 

However, in the absence of a Wnt ligand, GSK-3ˇ forms destruction complex with proteins of axin, adenomatous polyposis coli (APC) and 

ˇ-catenin. GSK-3ˇ activity is switched on and phosphorylates ˇ-catenin, which in turn ubiquitinated and degraded via the proteasome. In 

the case of colon cancer, aberrant Wnt/-catenin signaling contributes to the hyper-proliferative and hypo-apoptotic phenotype, as a result 

in part of constitutive -catenin or mutated APC may induce transactivation of pro-survival genes (Vadde et al., 2017). 



Fig. 3. HIF role in stemness maintenance in stem cells. Under hypoxia conditions, HIF-1 interacts with Notch signaling and 

influence on the maintenance of stemness by allowing expression of relevant genes and transcription factors involved in 

stemness maintenance and differentiation. HIF-1 also makes cell survival (stemness) under hypoxic conditions by 

reprogramming metabolism of glucose. However, the HIF-2 directly involved activation of Oct4 and further responsible for 

stemness maintenance in stem cells (Vadde et al., 2017). 



Fig. 4. HIFs in stemness 

maintenance through Wnt/-

catenin signaling.  

HIF activates the elevation of 

β-catenin levels in cytoplasm 

and translocated in a nucleus. 

In nucleus, β-catenin binds to 

TCF/LEF and promotes 

transcription of all the target 

genes (c-Myc) involved in stem 

cell maintenance (Vadde et al., 

2017). 



Jiang et al., 2017 



https://www.youtube.com/watch?v=qszZeZkDysM  

Robert Weinberg 

Signals Triggering the EMT and Cancer Stem Cell Formation 

 

https://www.youtube.com/watch?v=BK8mDIG3aCE 

Irving Weissmann 

Cancer Stem Cells: The Origin of Cancer 

https://www.youtube.com/watch?v=Nou8VWpWba4
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MULTISTEP CARCINOGENESIS 



NEOPLASTIC TRANSFORMATION:  

TWO HITS THEORY  



path.upmc.edu 

LOH: Loss Of Heterozygosity 
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PROGRESSIVE GENETIC INSTABILITY 





TSG = Tumor Suppressor Gene 



ALTERNATIVE CHOICES DURING 

CANCER PROGRESSION 







Siddiqui et al., 2015 

CANCER PROGRESSION: THE NATURAL HISTORY OF A TUMOR 



SKIN: EXPERIMENTAL CARCINOGENESIS 









Quail & Joyce, 2013 



CALOR RUBOR TUMOR DOLOR FUNCTIO LESA 

I N F L A M M A T I O 

http://www6.ufrgs.br/favet/imunovet/molecular_immunology/inflammation_cartoon.jpg, modified 

http://www-1.unipv.it/webchir/neuro/didattica/conoscere/storia/storianch4.htm 

INFLAMMATION AND CANCER 

http://www6.ufrgs.br/favet/imunovet/molecular_immunology/inflammation_cartoon.jpg


INFLAMMATION AND CARCINOGENESIS 

Mantovani A. et al., 2008 

•Rudolph Virchow, 1863 
 
•cytokine discovery, 1970-1990 
 
•stromal immune cells stimulate 
tumor growth (Prehn, 1972) 







mdr: multi drug resistance gene 

CHRONIC LIVER INFLAMMATION AND HEPATOCELLULAR CARCINOMA DEVELOPMENT 



Up-regulation of TLR4 happened during HCC by several factors which are described in Fig. 3. Hyperactivation of TLR4 by DAMPs and 

PAMPs is associated with over-expression and activation of pro-inflammatory transcription factors in a considerable manner which is 

associated with over-expression of the molecules involved in the HCC and development. Using TLR4 antagonists and partial agonists 

may be associated with involvement of lower expressed TLR4, hence, intracellular signaling has been induced by the limited TIRs which 

interact with partial agonists. TLR4 antagonists also block the up-regulated TLR4 and decreased the interaction of TLR4 with its ligands. 

Both strategies, using antagonists and partial agonists lead to under controlled activation of TLR4 which results in induction of appropriate 

immune responses and consequently HCC regression (Sepheri et al., 2017). 

http://www.sciencedirect.com/science/article/pii/S0024320517302047
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 Fig. 3. The mechanisms used by TLR4 in development, metastasis and drug resistance of HCC. Genetic variations, chronic HBV/HCV 

infection, alcohol, internal DAMPs and chronic inflammation, via activation of JAK/STAT pathways, lead to up-regulation of TLR4. 

Increased expressions of TLR4 by resident immune cells and also hepatocytes result in increased Ephrin-A1, Casapse-1 and NANOG, 

which are the main inducers of HCC metastasis and drug resistance. Increased and decreased expressions of BCL6 and NKG2D, 

respectively, lead to impaired immunosurveillance against HCC development. No, NOS and pro-inflammatory cytokine production are also 

risk factors for development of HCC. Increased numbers of T regulatory and follicular T helper cells, via up-regulation of chemokines, are 

other effects of up-regulated TLR4 during HCC, which are associated with development of HCC (Sepheri et al., 2017). 



Fig. 2. Cellular effects of PKB in cancer-related inflammation. External persistent stimuli (infectious, chemical or physical) as well as oncogenic signals in 

tumor cells can initiate chronic inflammation. Additional immune/inflammatory cells are recruited from the blood (T/B cells, NK cells, monocytes, neutrophils) 

to further sustain chronic inflammation. M2-polarized tumor activated macrophages are main drivers of tumor cell invasion, survival, angiogenesis and 

immunosuppression. PKB plays key roles in virtually all cells of the tumor microenvironment to promote inflammation and tumor progression, by controlling 

expression of chemokines and cytokines, as well as mediating some of the effects downstream of their receptors. The PKB effects, however, is contextually 

regulated by the activation/differentiation state of the effector/target cells and by the concurrent activation of other signaling pathways through additional 

factors. The list of interactions/effects is non- exhaustive, see text for full explanation. Brown arrows; communication through factors and chemokine; thick 

arrows, global functional effects (blue, inhibitory effects; red, stimulatory effects). Abbreviations: EC, endothelial cell; EMT, epithelia-to-mesenchymal 

transition; F/CAF, fibroblast/cancer activated fibroblast; LC, leukocyte; MO/MF, monocyte/macrophage; PC, pericyte; TAM, tumor associated macrophage; 

TC, tumor cell. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article; Tang et al., 2017.) 


