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Type1 case - Path 7
One example for ‘type1’ in which the ‘entities’ and ‘verbs’ are well connected is path 7. Path 7 shows the connection between the drug ‘Sorafenib’ and the side effect ‘dysepsia’. 
Sorafneib is a kinase inhibitor drug which is used in the treatment for primary kidney cancer, and advanced primary liver cancer (1), (2). Sorafneib treatment can induce autophagy therefore inhibit tumor growth (3). Uncontrolled growth in many cancers is due to a defect in the Ras-Raf-MEK-ERK pathway also known as the MAP/ERK pathway (4). Sorafneib acts as an inhibitor for several tyrosine protein kinases. Tyrosine protein kinases such as such as VEGFR, PDGFR and Raf family kinases are inhibited by Sorafneib therefore resulting in the suppression of tumor growth (5). It has also been shown that Sorafenib can inhibit the activation of the MAP kinase p38 by a marked decrease in p38 phosphorylation without affecting total protein levels (6), (7). These findings supports the connection between ‘Sorafneib’ and ‘p38’ in which it is connected by the verbs ‘inhibit’ and ‘block’.
p38 mitogen-activated protein kinases is one of the main sub-groups of the MAP kinases which plays a vital role in signal transduction and numerous biological processes such as cell differentiation, apoptosis and senescence (8), (9), (10), (11). Activation of p38 has been shown to occur in response to extracellular stimuli such as UV light, heat, osmotic shock, inflammatory cytokines (TNF-alpha & IL-1), and growth factors (CSF-1) (8).
Gastrin-17 (G-17) also known as ‘little gastrin 1’ is a form of gastrin which is a protein hormone secreted by the intestine (12). Primarily three types of gastrin are found gastrin-34(big gastrin), gastrin-17(little gastrin), and gastrin-14(mini gastrin) (12). Gastrin is produced in the G cells of the duodenum and in the pyloric antrum of the stomach and is released in response to certain stimulus such as hypercalcemia (an elevated calcium level in the blood) (13), (14). Gastrin stimulates hydrochloric acid (HCl)/gastric acid secretion by inducing histamine release from the ECL cells, hence functions as a central regulator for gastric acid secretion (15). In our study we considered ‘gastrin-17’ as ‘gastrin’ combining the two entities as one due to gastrin-17 is a form of gastrin and all three form of gastrin are produced in the G cells as well the functions are similar. . 
The connection between ‘p38’ and ‘gastrin-17/gastrin’ was connected by the verb ‘inhibit’. We could not find studies directly connecting from ‘p38’ to ‘gastrin’ while there were studies directly connecting from ‘gastrin’ to ‘p38’. We searched for other factors that can connect from ‘p38’ to ‘gastrin’ and found ‘NF-κB’. NF-κB is a protein complex that regulates transcription, cytokine production, cell survival and is involved in multiple cellular responses was found to be regulated by p38 in which the p38 MAP kinase activity regulated the transcriptional activation of NF- κB (16), (17) (18), (19), (20). p38 MAP kinase was found to up regulate NF-κBs transcriptional activation through RelA phosphorylation during stretch-induced myogenesis and also NF-κB activity was induced in C2C12 cells by the activation of p38 (20), (21). Gastrin was found to be regulated by NF-κB in which IL1B-activated NF-κB down-regulated gastrin and was found later that this down-regulation occurred both in the presence and absence of IL1B (22), (23). Ectopic expression of NF-κB p65(p65 a sub-unit of NF-κB) in AGS cells resulted in about nine-fold transcriptional repression of gastrin which shows that gastrin is negatively regulated by NF-κB (23). These findings suggest a connection from p38 to gastrin by NF-κB in which activation of p38 MAP kinase up regulates NF-κB and activated NF-κB represses the transcription of gastrin. Another factor except of NF-κB that can connect from ‘p38’ to ‘gastrin’ is ‘calcium’. Osteoclasts are a type of bone cells derived from the monocyte/macrophage haematopoietic lineage that breaks down bone tissue a process which is critical in bone maintenance, repair, and remodeling (24). It was found that p38 MAP kinase signaling plays a crucial role in PTHrP-induced osteoclastic bone resorption which is the process by which osteoclasts break down bone resulting in a transfer of calcium from bone fluid to the blood (25), (26). FR167653 which is an inhibitor for p38 MAP kinase was found to inhibit PTHrP-induced osteoclastogenesis in vitro and PTHrP-induced bone resorption in vivo (25). Also studies show bone resorption induced by IL-1- and TNF is mediated by p38 MAP kinase and p38 activity enhances osteoclast maturation and bone resorption in myeloma (27), (28). These findings suggest that p38 MAP kinase activity plays a crucial role in osteoclast maturation and bone resorption thereby can regulate calcium levels in blood. As mentioned above gastrin is released in response to hypercalcemia (an elevated calcium level in the blood) suggesting that ‘p38’ can regulate ‘gastrin’ through ‘calcium’ however, more study is needed to confirm the exact regulation in how ‘p38’ regulates ‘calcium’. Through NF-κB we can support the connection form ‘p38’ to ‘gastrin’ by the verb ‘inhibit’ in which p38 MAP kinase up regulates NF-κB resulting in the inhibition of gastrin. While through ‘calcium’ we can support the connection between ‘p38’ and ‘gastrin’ but cannot support the verb ‘inhibit’. Still through paper research we have found high correlation between ‘p38’ and ‘gastrin’ through ‘calcium’ showing that ‘calcium’ has a high chance to be a another mediator connecting ‘p38’ and ‘gastrin’.
Dyspepsia also known as indigestion, is a condition in which digestion is impaired. Dyspepsia is highly related with gastrin due to gastrin as mentioned above is a key regulator for gastric acid secretion a digestive fluid, formed in the stomach (15). Dyspepsia can be caused by Gastroesophageal reflux disease (GERD) a condition when stomach acid coming up from the stomach into the esophagus causes mucosal damage (29). One of the cause of mucosal damage can be harsh stomach acid (30). These findings supports the connection between ‘gastrin’ and ‘dyspepsia’ in which it is connected by the verb ‘associate’. 
In short, we can suggest ‘dyspepsia’ as a side effect for ‘Sorafenib’ in which ‘Sorafenib’ inhibits ‘p38’ thereby inducing or regulating ‘gastrin’ which results in ‘dyspepsia’. Indeed one of the known side effect of ‘Sorafenib’ is ‘dyspepsia’ which supports our method of study (31). Through our method not only can we suggest ‘dyspepsia’ as a side effect for ‘Sorafenib’ but also can suggest a mechanism in which how ‘Sorafenib’ can cause ‘dyspepsia’ which was known through clinical trials. 
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Type2 case - Path 15
One example for ‘type2’ in which the ‘entities’ are connected but the ‘verbs’ that describe the relation are not certain is path 15. Path 15 shows the connection between the drug ‘Nilotinib’ and the side effect ‘intracranial hemorrhage’. In our study ‘Nilotinib’ is first connected to ‘p38’ by the verb ‘increase’ and also ‘reduce’ which are opposite in meaning. Though we could not find how ‘Nilotinib’ connects to ‘p38’ by the verb ‘increase’ we found reason that the verb ‘reduce’ can connect between ‘Nilotinib’ and ‘p38’. Nilotinib is a small-molecule tyrosine kinase inhibitor which is used for the treatment of chronic myeloid leukaemia (a cancer of the white blood cells) (1). Nilotinib acts by selectively inhibiting Bcr-Abl kinase and thereby inhibits proliferation of Bcr-Abl expressing cells (2), (3). As described above p38 MAP kinase which plays a vital role in numerous biological process was shown to be inhibited by Nilotinib, in which Nilotinib blocked the activation of p38 MAP kinase by reducing the basal phosphorylation of p38 MAP kinase (4), (5). These findings suggest that the connection between ‘Nilotinib’ and ‘p38’ is by the verb ‘reduce’. 
MAO-A also known as Monoamine oxidase A is a crucial regulator for normal brain function in which it degrades neuro-transmitters, such as dopamine, norepinephrine, and serotonin (6). In our study ‘p38’ is connected to ‘MAO-A’ by the verb ‘inhibit’. Indeed p38 MAP kinase inhibits MAO-A in which active p38 MAPK kinas results in the phosphorylation of the MAO-A protein and inhibition of MAO-A activity (7). Our study suggests that the connection from ‘MAO-A’ to ‘SSAO’ is by the verb ‘increase’. However we could not find the connection through the verb ‘increase’ rather the connection of ‘MAO-A’ and ‘SSAO’ was through interaction in which MAO-A interacts with VAP1 (another name for SAAO) (8). Though the relation through the verb ‘increase’ is not certain MAO-A and VAP1 are highly correlated in which VAP-1 and MAO-A are both flavin dependent amine oxidases therefore having similar function (9). Also through our literature review we could find both MAO-A and VAP1 can be regulated by ‘p38’ supporting MAO-A and VAP1 correlation. While ‘p38’ regulation of ‘MAO-A’ is as shown above the ‘p38’ regulation of ‘SSAO’ was through ‘NF-κB’. As described earlier ‘p38’ upregulates ‘NF-κB’. NF-κB controls VAP-1 gene expression and the nuclear translocation of NF kappa B is followed by induction of cell surface expression of VAP-1 (10) (11). These findings suggest ‘p38’ regulates ‘SSAO’ through ‘NF-κB’ in which p38’ upregulates ‘NF-κB’ resulting in the regulation of ‘SSAO’ by inducting SSAO cell surface expression and controlling SSAO gene expression.
Intracranial hemorrhage (ICH) is a bleeding within the skull. It can be caused when blood vessel within the skull is ruptured or leaks due to head injury, ruptured aneurysm, as well as disorders with blood clotting (12). It was shown that VAP-1/SSAO activity was significantly higher in patients who subsequently experienced parenchymal hemorrhage (a type of ICH) and elevated plasma VAP-1/SSAO activity was capable of predicting worse neurological outcome in these patients hence VAP-1/SSAO activity can function as predictor for intracranial hemorrhage (13). Furthermore, it was suggested that anti-VAP-1/SSAO drugs may prevent neurological worsening in patients with intracranial hemorrhage (13), (14). These findings support the connection between ‘SSAO’ and ‘Intracranial hemorrhage’ by the verb ‘predict’ in which VAP-1/SSAO activity can function as predictor for intracranial hemorrhage. 
In short, ‘nilotinib’ reduces ‘p38’ thereby allow ‘MAO-A’ activity while the relation of ‘MAO-A’ and ‘SSAO’ are not well known reduction of ‘p38’ will also influence ‘SSAO’ regulation which can predict ‘intracranial hemorrhage’. Furthermore as NF-κB controls VAP-1/SSAO gene expression, reduction of p38 will lead to non-control of VAP-1/SSAO gene expression which can result in intracranial hemorrhage. Therefore through our method we can suggest ‘intracranial hemorrhage’ as a side effect for ‘nilotinib’. Like in the case of ‘Sorafenib’ and ‘dyspepsia’ one of the known side effect of ‘nilotinib’ was ‘intracranial hemorrhage’ therefore supports our method of study and suggest a mechanism in which how ‘nilotinib’ can cause ‘intracranial hemorrhage’ which was known through clinical trials (15), (16).
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Type3 case - Path 2
One example for ‘type3’ in which the connection of ‘entities’ are difficult to interpret and also the ‘verbs’ that describe the relation are not certain is path 13. In path 13 the drug ‘anastrozole’ is connected to the side effect ‘acute hepatitis’. The first connection was between ‘anastrozole’ and ‘age’ by the verb ‘differ’. When considering the term ‘age’ as advanced glycation end-product (age) we could not find connections to ‘anastrozole’ by the verb ‘differ’ nor could we find any relations between ‘anastrozole’ and ‘advanced glycation end-product (age)’. Due to the verbs between ‘age’ which are ‘differ’ and ‘associate’ we considered ‘age’ as the term ‘life time’. By considering ‘age’ as ‘life time’ we could associate ‘anastrozole’ with ‘age’ but due to the broad term of ‘life time’ it was difficult to interpret the connection between ‘anastrozole’ and ‘age’ and also between ‘age’ and ‘MUC5AC’. We then considered if ‘anastrozole’ connects to ‘MUC5AC’ the third entity in our suggested path. Though we could not find direct connection or relation between ‘anastrozole’ and ‘MUC5AC’ we could connect both entities through ‘Androgen receptor (ar)’ which is also suggested in our study in path 14. ‘Anastrozole’ functions by binding reversibly to the aromatase enzyme, resulting in inhibition of the conversion from androgens to estrogens therefore supports and suggests connection form ‘Anastrozole’ to ‘Androgen receptor (ar)’ (1), (2). ‘Androgen receptor (ar)’ is not directly connected or related to ‘MUC5AC’ but can be through NF-kB. AR activation has been shown to cause a decrease in nuclear localization and transcriptional activity while increased NF-kB activity is shown to be associated with increased transcriptional activity of the MUC5AC promoter (3), (4). These findings can suggest that the connection between ‘anastrozole’ and ‘MUC5AC’ is possible through ‘androgen receptor (ar)’ and that the connection between ‘androgen receptor (ar)’ and ‘MUC5AC’ can be through NF-kB. Though it is possible to connect ‘anastrozole’ and ‘MUC5AC’ through our suggestion this can be done when ‘age’ is discarded from the suggested path. ‘Age’ as described above is difficult to connect with ‘anastrozole’ our first entity and ‘MUC5AC’ our third entity therefore is separated from the connections forming a gap in our suggested path. 
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