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Summarizing discussion 
 
 
 
 The principal aim of this thesis was to assess the MAPKs family status in 

human leukaemia cells induced to undergo apoptosis and differentiation after drug 

treatment, and to address the usefulness of targetting these pathways as a potential 

avenue for combating disease. Special focus was given to natural products, as these may 

these may be derived from the Amazon jungle. A knowledge-based industry dwelling 

from such products may form the basis for  sustainable economic exploitation of the 

Amazon forest. To assess whether I have been able to make progress in addressing this 

issue, let us review the subsequent chapters in this thesis: 

Chapter 1 constitutes a brief introduction about the general overview on 

Apoptosis and Mitogen-activated protein kinases (MAPKs). The former and the latter 

emerge as important targets for drug intervention and will be the major cellular 

pathways investigated in the experimental work and be the subject for discussion in 

chapter 4. Together, the available literature is consistent with a role of both MAPKs and 

apoptosis as targets for drugs in leukaemia. Evidence that they may act as thus in 

practice was obtained in the following chapter: 

 In chapter 2, the effect of tetrahydroxyquinone (THQ), a highly redox active 

molecule which can participate of a redox cycle with semiquinone radicals leading to 

the formation of reactive oxygen species (ROS), was investigated in HL60 cells. THQ 

caused substantial ROS formation followed by cytotoxicity that was sensitive to 

glutathione and N-acetyl-L-cysteine. Furthermore, ROS production coincided with 

HL60 cell apoptosis through the mitochondrial pathway and was followed by reduced 

activity of various anti-apoptotic survival molecules, including the protein kinase B 

pathway. Importantly, transfection of protein kinase B into HL60 cells leading to an 

artificial increase in protein kinase B activity inhibited ROS-dependent cytotoxicity.  In 

a broader context this work shows that specific interference of signalling pathways for 

clinically potentially beneficial effects is possible. Nevertheless, this work also shows 

the limitation of the candidate approach when searching  for mechanisms for drug 

action. Hence, a more comprehensive approach is called for, and this will be the subject 

of chapter 3. 
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 In chapter 3, peptide arrays of 1176 different kinase consensus substrates 

unambiguously identified the MAP kinase pathway as a major target for violacein, the 

anti-leukemic purple-colored pigment produced by Chromobacterium violaceum from 

the Amazon River that stimulates HL60 cells to differentiate into monocytes and 

granulocytes . The results also indicate that kinome profiling using metabolic arrays is a 

promising and suitable tool for studying the molecular mechanisms of drug action 

without a priori assumptions as to the underlying molecular mechanism. Violacein, 

however, has many side effects focussing our attention on other candidate drugs. This 

prompted  is a literature investigation into riboflavin as a potential drug in leukaemia, 

and its investigation is discussed in the next chapter. 

 In chapter 4, it is shown that irradiated riboflavin-dependent cytotoxicity in 

HL60 cells occured concomitantly with activation of caspase 8 caused by 

overexpression of Fas and FasL and also stimulation of ceramide. The activation of this 

cascade led to an increase of JNK activity and inhibition of survival mediators (PKB 

and IAP1), as well as downregulation of cell cycle progression regulators. Taken 

together, these results provide a molecular approach characterizing the riboflavin-

mediated apoptosis after photodynamic therapy.  

Appendix 1 is a review article, originally published in Portuguese about 

riboflavin, the subject of chapter 4 and a component of the vitamin B2 complex, that has 

important roles in  biochemistry, especially in redox reactions due to its ability to 

participate in both one- and two-electron transfers, as well as acting as photosensitizer. 

This article describes the peculiar and multifunctional behavior of riboflavin which 

allows it to take part in several biochemical pathways both as nucleophile and 

electrophile. Moreover, the association of this vitamin with different diseases, including 

cancer and cardiovascular diseases, is also discussed. Its usefulness for combating 

cancer is also addressed. 

Together this work shows that investigation of the molecular mechanisms 

mediating drug action in leukaemia is a fruitful approach which may greatly aid the 

development of novel therapeutic avenues of disease. The evidence obtained was 

consistent with the central hypothesis when the work was initiated: both MAPKs and 

apoptosis are bona fide targets for drug intervention in leukaemia, at least as deduced 

from these in vitro  experiments. Further in vivo  work is obviously necessary.




