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Abstract

One of the most important contributing factors for cancer development is the aberrant activation of mitogenic MAPK and AKT survival pathways. Abnormal activities of these pathways also indicates poor prognosis as a result of drug resistance in cancer treatment. It is revealed that there is a cross-talk between these two signaling cascades and they act together by one triggering the other performing an anti-apoptotic effect. It is evident that interplay between MAPK and AKT pathways is at the center of poor prognosis especially in neuroblastoma. However, it is still unknown what is there at the heart of this interaction. In this mini review, tumorigenic and chemotherapy-resistant effects of MAPK and AKT pathways and also the effect of their cross-talk in neuroblastoma and other cancers is summarized, Then, several cross-talk nodes between two pathways, which is used by the cells in a context-dependent mode is briefly explained. Finally, summarizing the studies giving insights about certain cell cycle regulators which may be involved in the intersection of these signaling pathways, importance of analyzing not only direct crosstalk between the members of these two pathways, but also mediator-dependent interactions are emphasized, since it is crucial to understand these interactions to choose the appropriate molecular targets for both diagnosis and treatment especially of neuroblastoma which has a very poor prognosis.
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Short Communication


Neuroblastoma is one of the most frequently seen pediatric extra cranial solid tumor and 98% of patients are under ten years old but it is among uncommon malignancies in adults [1]. It has a very poor prognosis that long-term survival ratio is only 30% [2,3]. Since it originates from migrating neural crest cells, neuroblastomas arise in peripheral nervous system. The reason for neuroblastoma to be both genotypically and phenotypically very hetero genious is its neural crest origin which has the potential of differentiating into various types of tissue and cell types. The most significant determinants of the disease are spontaneous genetic alterations such as oncogenic activation, deregulation of mitogenic and survival pathways and chromosomal anomalies [4,5].

Phosphatidylinositol 3-kinase/protein kinase-B/mammalian target of rapamycin (PI3K/AKT/mTOR or AKT) signaling pathway is one of the most emerging intracellular mechanisms that is found to be over-activated in many types of cancers [6,7]. AKT pathway may have apoptotic or cancerogenic functions by taking role in mitosis, differentiation, cellular metabolism and cellular cytoskelatal organization. Bringing this multifunctional feature of AKT pathway into focus, it is thought that pathological AKT over-activation may result in tumor genesis and resistance against anti-cancer therapies. Thus, AKT is one of the most striking targets of cancer studies [8,9]. Especially, there are critical gain of function mutations causing over-activation of AKT pathway, mostly seen in mTOR gene which is the target for some approved drugs such as everolimus and temsirolimus to inhibit over-activity of AKT pathway [10].

Neuroblastoma cells, like many cancer cells, has over-activated AKT pathway [11,12]. Studies with neuroblastoma cell lines showed that using AKT-specific inhibitors drive these cancerous cells through apoptosis [13,14,15]. Besides, positive correlation between poor prognosis and pathological AKT activation has also been shown by in vivo studies [16]. By taking the importance of AKT pathway in neuroblastoma pathogenesis into account, studies on specific AKT-inhibitors continue intensely in pre-clinical stages. In one of these studies, it was shown that thioredoxin 1, a small ubiquitous protein with various cellular functions, is over-expressed in many cancerous cell lines, including neuroblastomas [17]. This small protein is found to regulate cell growth proteins like PTEN (Phosphatase and Tensin homolog) and AKT and its induction is shown to cause oncogenicity [18]. Thus, thioredoxin 1 is thought to be a potential target for therapeutic intervention [19].

Another signaling pathway that has an important role in tumor genesis and drug-resistance, such as the AKT signaling pathway, is the mitogen-activated protein kinase (MAPK) signaling pathway [20,21]. The MAPK is one of the highly conserved signaling pathways within the cell that allows cells to respond to environmental stimuli and stress [22]. The signal generated by the received stimuli is primarily transferred to the small oncogenic G-protein Ras and then to the Raf (MEK Kinase) protein, which in turn activates MEK 1/2 (MAPK / ERK Kinase or MAP Kinase Kinase) signaling proteins. The active MEK1/2 activates ERK1/2 by phosphorylation and controls cellular events such as differentiation, cleavage, progression of cell cycle and apoptosis [23]. Thus, abnormalities in the MAPK signaling pathway can lead to very different results from apoptosis to cancer formation [24,25]. However, little is known about the role of this signaling pathway in neuroblastoma cancer. There are only a few studies suggesting that this signaling pathway has a role in neuroblastoma cells transforming into the transformed phenotype and acquiring drug-resistance [21].

Nowadays, immune-check-point inhibitors and molecular targeted anti-cancer drugs as well as chemotherapeuticals are the most important current approaches in cancer treatment, since they have provided an impressive progression-free survival and/or overall survival advantage in various advanced- stage cancer. However, drug-resistance may be one of the most important reasons overshadowing this clinical success. Although previous studies indicate that MAPK and AKT signaling pathways have played an important role for drug-resistance in anti-cancer therapies, including examples such as; an innate drug resistance shown in lung cancer cells for anti-EGFR (epidermal growth factor receptor) treatment, a computational model study of drug-resistance for BRAF inhibitors such as dabrafenib and vemurafenib in advanced malignant melanoma, microtubule- targeted drug resistance shown in patients with prostate cancer as well as etoposide-related drug resistance in neuroblastomas, the mechanism of interaction between these pathways still remains unclear [26-29]. However, the role of triggering and aberrant activation of MAPK (mitogenic) and AKT (survival) signaling pathways cannot be ignored in the pathogenesis of neuroblastoma and many other cancer types. These signaling pathways also lead to the formation of chemotherapeutic resistance during the treatment process and to a considerable reduction in the effectiveness of the treatment. Under normal cell conditions, it has been understood that these two signaling pathways act in communication and interaction with each other, not independently of each other, and that any of the two signaling pathways can inhibit or activate the other depending on the circumstances [30]. The contribution of abnormal behavior of both signaling pathways to proliferation and survival of cancerous cells suggests that this interaction may also play a role in the formation and progression of neuroblastoma. Thus, rather than separately focusing on these two pathways, it will be more effective to study the interplay between them. However, this possible interaction and its focus on the molecular level have not yet been elucidated in the neuroblastoma cells, which will be valid for all cancer types of this interaction.

When we look at the interaction between the members of two pathways, there are several cross-talk nodes which are used by the cells in a context-dependent mode. A major cross-talk node is at the level of Phosphatidylinositol [3,4,5] P3-mediated Ras GEF and RasGAP signalling. Another PI3K→ERK cross-talk node include PI3K-induced Raf and MEK stimulation. Whereas crosstalk interactions resulting from PI3K activation and mediated by PDK1 activate the Ras/MAPK pathway, Akt and its downstream effectors, mTOR and p70S6K, affect ERK signalling, negatively [30]. On the other side, active ERK can influence the PI3K/Akt pathway via several interaction routes. One mechanism involves the modulation of the tyrosine phosphorylation level by ERK mediated phosphorylation at serine and threonine residues of certain AKT members [31]. Yet, multiple signaling routes and nodes involved in Ras/MAPK^PI3K/Akt cross-talk make it context dependent.

At this point, while trying to figure out the factors involved in the intersection of these two signal paths, some points that can shed light on this intersection are striking. Not only direct interaction between the members of these two pathways, but also mediator-dependent interactions, independent from both pathways' members, should be considered, since there are studies giving insights about certain cell cycle regulators which may be involved in the intersection of these signaling pathways. It has been shown that over-activity or over-expression of some cell cycle regulators such as Speedy/RINGO, a novel cell cycle regulator, cause cells to become cancerous and become aggressive by escaping them from apoptosis [32,33]. Moreover, a previous study showed that neurodegeneration and subsequent neuronal death can be prevented by utilizing this anti-apoptotic effect of Speedy/RINGO in degenerating hippocampal neurons [34]. The results clearly demonstrate that the Speedy/RINGO protein expression in degenerating neurons leads to an increase in CDK2 expression, while leading to a decrease in p27Kip1 expression. As a result, the decrease observed at apoptotically active caspase-3 level was confirmed, so that the ability of the Speedy/RINGO to escape cells from apoptosis was demonstrated in degenerating neurons. By this means, the authors have confirmed this cell cycle regulator's apoptosis-defying effect in a very different context.

Yet, it has been shown that just as AKT over-expression, over-expression of Speedy/RINGO results in chemotherapy resistance [3]. If this is the case, it is crucial to figure out a potential interaction between Speedy/RINGO and AKT pathway.

Besides, a few studies about the development of breast tissue and tumorigenesis showed that MAPK pathway over-activation results in Speedy/RINGO over-expression and if MEK1 enzyme, a member of MAPK pathway is inhibited, Speedy/ RINGO expression is shown to be decreased.

On the other hand, studies on testis tissue showed that overexpression of Speedy/RINGO protein causes an increase in cell cycle regulators Cyclin A2-CDK2 expression. Mouse embryonic stem cell studies revealed that Cyclin A2-CDK2 complex has an important role in AKT hyper-phosphorylation which is one of the most effective factors causing chemotherapy resistance in many cancer types [35]. In asp13kll of the above mentioned studies, connection of Speedy/RINGO and other potent cell cycle regulators with AKT and MAPK pathways is studied partially rather than analyzing them all together for a possible interaction. Besides, all the studies are performed in cancers other than neuroblastoma.

In this manner, the main question should be that: May the primary underlying reason for aberrant activation of well- known cancer triggering AKT and MAPK pathways be the overexpression of certain cell cycle regulators such as Speedy/RINGO or any other mediator protein that provides interaction between these two pathways?

As already mentioned likewise aberrant activation of MAPK and AKT signaling pathways, over-expression of certain cell cycle regulators such as Speedy/RINGO escapes cells from apoptosis and makes the chemotherapeutic response more difficult. Considering this similar apoptosis-defying effect of MAPK/AKT abnormal activation and the cell cycle regulator Speedy/RINGO over-expression, the potential cell cycle regulators that may be involved in the intersection of these two signal paths need to be addressed. It is very plausible to predict an interaction between cell cycle regulators and mitotic/survival pathways, since they are all interrelated because of serving at similar purposes in the cell. It is very important to understand which molecules are able to be effective in pathogenesis of cancer and also in correctly selecting molecular targets underlying the disease so that appropriate cancer treatments can be planned. In this direction, in our laboratory, we have an ongoing study aiming to get information about the connecting function of Speedy/RINGO in between AKT and MAPK pathways in neuroblastoma cells. Thus, it is vital to understand the interactions between different intracellular mechanisms and to choose the appropriate molecular targets for both diagnosis and treatment especially of neuroblastoma which has a very poor prognosis.
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