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A Systematic Mapping Study of Tumor Cell Released by Enzymes and Toxins 
 
Abstract 

Cancers, especially of the neural tissue, are often deemed a death sentence. However, neither the 

cellular and molecular mechanisms nor the underlying causes are fully defined. Despite what is 

currently known about various types of brain tumors, it remains poorly understood how they spread 

and cause collateral damage to other parts of the brain. This research focuses the cerebrospinal fluid 

(CSF) leakage and enzymes from brain cancer cases and various secreted proteins and enzymes within 

the following hypothesis responsible for the breach of the blood-brain barrier. This research 

investigated the role of CSF in brain cancer and BBB. The research provides evidence that the leakage 

typically occurs at the spine level, especially in the thoracic spine region and the cardsiothoracic 

connection at the base of the brain. The aim is to determine the various proteins and enzymes contained 

within the CSF and investigated how to evaluate and specifically examine: (a) protein, (b) identity of 

these proteins/enzymes, (c) sequence of proteins/enzymes, and (d) identify the genes encoding these 

proteins/enzymes. Furthermore, the evidence that the function of CSF is breached by the components 

released from the tumorous tissue identifies the precise foci of this leakage and various proteins and 

enzymes that may be responsible for this damage. These observations perform a novel role in the 

detection of enzymes and toxins released by tumor cells, and a new component recognizes the type of 

CSF, whether it is normal CSF and proteolysis components of CSF related to tumor cells. 
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Introduction 

The human brain is one of the most complex 

organs and consists of myriad neuronal 

networks that are responsible for 

maintaining processes like homeostasis, 

cognition, behavior, and emotions, among 

others. There is an ongoing quest to 

understand the brain’s intricacies, so we can 

take a step forward in the clinic to treat 

debilitating neurological disorders.  The 

cells that make up those interfaces are also 

websites of complete change mechanisms 

(transporters) that manage the access and 

exit of the brain to a wide variety of 

molecules. An essential mechanism for 

controlling the one-of-a-kind shape of the 

interstitial fluid of the brain is the secretion 

of cerebrospinal fluid by way of choroid 

plexuses, which glides through the 

ventricular gadget and exchange materials 

between the cerebrospinal fluid and the 

brain. Understanding the complexity of 

barrier mechanisms is important in an effort 

to evaluate the effects of inflammatory 

conditions on the brain, each in adults and 

at some stage in the boom. The exhaustion 

of the cerebrospinal fluid may also occur 

due to leakage, a shunt, insufficient 

production, or very rapid absorption. There 

are also several related syndromes where 

the intracranial conformity is very 

excessive; producing similar effects as the 

head shrinks and floats upward again. 

Cerebrospinal fluid (CSF) has been 

investigated widely for the identification of 

cancer molecules. This research explores 

the contemporary clinical awareness of 

the CSF’s biochemical elements 

mentioned in the literature as brain cancer 

and its cell toxin emitted by enzymes.  

Cancer will begin in the human frame 

consisting of billions of cells, almost 

anywhere. Human cells normally expand 

and separate to create new cells, which the 

body requires.   Enzymes are biological 

catalysts (additionally referred to as organic 

catalysts) that increase biochemical 

reactions in dwelling organisms. They can 

be extracted from the cells; after which they 

can be used to stimulate an extensive variety 

of commercially vital strategies.  

 

RQ1: What are the common signs of 

cerebrospinal fluid (CSF) leakage, enzymes 

from brain cancer, and various secreted 

proteins? 
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RQ2: What are the key venues for publications on the 

breached blood vessel and enzymes of brain cancer? 

RQ3: Which research targets genes encoding 

proteins/enzymes and the breakdown of enzymes in the 

selected studies? 

RQ4: What are the common bacteria sampling of brain cancer 

in CSF discussed in the literature? 

Literature review  
A brain tumor is a collection of abnormal cells or a mass of 

ordinary cells in your brain. Any increase in this constrained 

area can be elaborated.[1] Brain tumors can be cancerous 

(malignant) or not (benign), similar to most cancers. If the 

developed tumors are benign or malignant, intracranial stress 

might also grow. This can bring about brain harm which can 

be life-threatening. Brain tumors are classified as both primary 

and secondary, and many tumors of the brain are benign. 

Secondary brain tumors are also referred to as metastatic brain 

tumors, which occur while cancer cells from any other organs 

progress to the brain,[2] including the lung or the breast. Brain 

tumors seldom progress to other components of the body, but 

most can progress via the brain tissue. Even so-called benign 

tumors can compress and spoil the brain's regular tissues as 

they develop, frequently inflicting adverse and, on occasion, 

deadly damage. This is why doctors often talk of brain tumors 

in place of most brain cancers.[3] The fundamental worries 

related to brain and spinal twine tumors are the ease with 

which they can spread to the rest of the brain or spinal cord, 

and whether or not or now not they can be removed. Tumors 

of the brain and the spinal cord tend to differ between adults 

and kids. They are often shaped in various regions, expand 

from one kind variety of cells, and have exclusive views and 

treatments. It is beneficial to know the normal shape of the 

critical nervous system (CNS), the scientific name of the 

brain, and the spinal cord to recognize brain tumors and spinal 

wires.[3] 

Cerebrospinal fluid (CSF) leaks 
Cerebrospinal fluid (CSF) leakage is one of the maximum 

tough complications in neurosurgery. The cerebrospinal fluid 

(CSF) is the fluid that travels via the brain’s ventricles (cavities 

or voids) and across the surface of the brain and spine. CSF 

leakage is a situation that happens when the CSF leaks through 

deformity within the Dura or head and exits through the nose 

or ear.[4] CSF leakage results from a hollow or tear of the Dura 

which is the topmost layer of the meninges. The cause at the 

back of the hollow or tear consolidates head damage and brain 

or sinus medicinal machine. Cerebrospinal fluid leakage is 

often misdiagnosed as migraine, other headache conditions, or 

sinusitis.  The symptoms of CSF leakage generally consist of 

a headache that is severe inside the upright function and is 

perceived at the supine below the chest (Trendelenburg). 

Horizontal artery changes into tinnitus, blurred vision and 

perception, facial numbness, nausea, and radicular signs 

(tingling) within the top limbs. These symptoms are not 

specific, as they are commonly discovered in migraines and 

severe headaches. Cognitive decline has also been 

mentioned.[4] 

RQ1: What are the common sign of cerebrospinal fluid 

(CSF) leakage? 

A CSF disorder is caused by the diagnosis of psychiatric 

conditions that affect the central nervous system. Any such 

cases include various cases of sclerosis, a degenerative nerve 

disorder that occurs in the loss of myelin covering the mental 

and spinal wire nerve fibers. Starting with the lateral 

ventricles, CSF flows into the 0.33 ventricle through two 

passages. Firstly, from the 0.33 ventricle, it flows down into 

the fourth ventricle through a long, narrow passageway 

(Sylvius’ aqueduct). CSF is absorbed back into the blood-

stream through blood vessels over the brain’s surface. 

Cerebrospinal fluid (CSF) has been particularly focused on the 

discovery of molecules that are known to be useful indicators 

for cancer diagnosis. However, so far, only a handful of these 

markers have been systematically analyzed. This study 

explores the current biochemical components within the CSF, 

referred to in the literature as biomarkers of brain cancer and 

focuses on the explanations for the role of specific markers in 

the treatment of CNS tumors.[5] 

RQ2: What are the key venues for publications on breach the 

blood vessel and Enzymes of Brain Cancer? 

 

Blood vessel breach the blood-brain barrier 
The brain is isolated from the rest of the body by the blood-

brain barrier. This compact combination of cells is determined 

between the main blood vessels in the brain and the brain 

tissue itself. The blood-brain barrier facilitates and protects the 

brain from threats, including contamination. Nevertheless, it 

could also block useful medicinal drugs from reaching the 

brain when needed. Researchers realize that the blood-brain 

barrier is not entirely locked, for example, cancer cells can 

penetrate and set up metastatic tumors (from other web sites) 

in the brain.[6] 

If scientists can understand how most cancer cells acquire this 

intersection of leakage, they can broaden methods to prevent 

it. Many cells, consisting of most cancer cells, launch small 

cysts known as extracellular vehicles (EVs). EVs can affect 

other cells by transporting proteins and genetic material to 

them. Tumor ECVs, for example, can enter the circulatory 

system and regulate distant organs to cause extra susceptibility 

to metastatic cancer. This is because of their capacity to 

disrupt cells. This will permit more significant EVs to make 

their way through barrier cells into the brain safely. EVs can 

control endothelial cells to make it easier for them to move 

through the blood-brain barrier.[7] 

Enzymes of brain cancer 
Enzymes are organic catalysts (additionally referred to as 

organic that accelerate biochemical reactions in the residing 

organisms, which may be extracted from cells and then used 

to simulate a wide variety of commercially vital strategies.         

One of the most common varieties of brain tumors in adults is 

polymorphous glioblastoma, which is one of the most 

devastating tumors and also with the latest advances in 

surgical operation, radiation, and chemotherapy, competitive 
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and intrusive assaults become the remedy, and the average 

affected person will approximately 15 months. The researcher 

determined an important relationship between natural 

enzymes and brain tumors. If brain tumors return after 

treatment, this is due to cancer stem cells that were not 

affected by the treatment.[8] 

In many cancers, treatments exclusively divide the tumor cells 

that make up the large mass of the tumor. On the other hand, 

neoplastic stem cells are hardly divided and resistant to 

chemotherapy and radiation. Worse yet, it is activated by 

treatments and then responsible for the tumor’s return.[9] This 

is especially true for glioblastoma, which is the most 

aggressive brain tumor. The only way to prevent glioblastoma 

relapse after treatment is an effective treatment against the 

brain’s tumor stem cells. Therefore, they pledged to identify 

specific marker molecules for brain tumor stem cells. They 

began their search for mouse glioblastomas to investigate 

whether the detected structures also play a role in human brain 

tumors.[10] 

There are multiple enzymes are involved in enhancing human 

brain cancers, which are given below: 

1. Acetyl-Coa Synthetase 2 (Acss2) 

2. Kallikrein 6 

3. Marker Enzymes 

4. CDK5  

 

Existing work 
The following table summarizes the list of enzyme 

performance in the brain:

 

Table 1.  Details of brain tumor enzymes mechanisms 
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 To offer the facts of an enzyme referred to as Acetyl-CoA synthetase 2 

(ACSS2) is at the center of imparting tumors with a path to continue to 

exist. ACSS2 complements the tumor’s ability to use acetate, a cell salt, 

as a carbon-primarily based supply of meals, as opposed to glucose. 

Acetate presents the cancer cells which are placed on the core of the 

tumor with a lifeline to now, not handiest survive whilst suffering from 

nutrient deficiency, however additionally a method to develop.[11]  

We know that ACSS2 is a bidirectional enzyme in cancer 

cells and that ACSS2 may play a temporary role in tumor 

Acetyl-CoA / acetate metabolism. The researcher used 

quantitative real-time PCR (qRT-PCR) to quantify ACSS2 

expression in most adjacent tissues. Inhibition of ACSS2 

expression was achieved by RNA interference, which was 

observed with the help of qRT-PCR and Western blot 16.[12] 
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To provide the information of enzyme known as KLK6. KLK6 receptor 

was blocked on tumor cells; the cells became more sensitive to cytotoxic 

drugs. Grade IV glioblastoma tumors had the highest levels of KLK6 

compared with grade III tumors. In sufferers, higher ranges of KLK6 

correlated with shorter survival—the one's sufferers with the best stages 

of the enzyme lived for 276 days as compared with 408 days in patients 

with decreased stages.[13, 14] 

The researchers also used a tissue culture model of 

glioblastoma to demonstrate that the cells become both 

chemotherapy and radiation-resistant when the KLK6 

enzyme was added to the culture. KLK6 functions like a 

hormone, activating a signaling cascade within the cell that 

promotes tumor cell survival.[14] 
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e In the PET images, the cells and molecular basis of choline uptake and 

the choline-containing compounds seen in MRS are not well understood. 

Choline kinase alpha (ChoKα) is an enzyme that acts on choline 

phosphorylation, an important step in the synthesis of membranes.[10] In 

human glioma, the investigator examines the choline tissue metabolism 

of 18F-fluoromethylcholine (18F-FMC), MRS, and ChoKα.[9, 15, 16] 

The researcher uses the notion of an enzyme profile such as 

PET-choline and choline-containing compounds visible in 

MRS that was determinants of human glioma. We are aware 

that 18F-FMC / PET ranged from grade II and III to grade IV 

tumors, while MRS separated grade III / IV tumors of grade 

II.[17] 
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Researchers were able to stop the development of glioblastoma, an 

active type of brain cancer, by inhibiting an enzyme called CDK5. The 

discovery of the regulatory effect of this enzyme on glioblastoma can 

also open the door to an extended-anticipated advancement following 

current therapies.[15, 16] 

We have used a gene screen tissue culture variant on 

Drosophila fashions with brain tumors to prove that the 

tumors decreased in size due to the use of the Drosophila 

fashions gene display screen and attempted to decrease the 

number of cancer stem cells after silencing the gene that 

coded for CDK5.[18] In humans, after examining glioblastoma 

patient genetic data, they found a large number of patients 

with glioblastoma still had elevated levels of the enzyme. 

Table 1 shows a different kind of enzymes released by the 

tumor cell inside of the brain and supports the growth of the 

tumor cell to migrate from other parts of the human body. 

RQ3: Which research targets genes encoding 

proteins/enzymes and breaking down the enzymes in the 

selected studies? 

Breakdown enzymes 
Any normal cell produces chemical compounds called 

enzymes to break down cells and tissues. Cells use enzymes 

to devastate infectious bacteria and viruses. They regularly go 

through it to break and scrub damaged regions of the body. 

This is a consequence of the regular recuperating measure. 

Numerous tumors contain a lot of these enzymes. A few sorts 

of malignancies additionally contain different typically 

https://www.medicalnewstoday.com/articles/249141.php
https://www.medicalnewstoday.com/articles/249141.php
https://www.medicalnewstoday.com/articles/249141.php
https://www.medicalnewstoday.com/articles/249141.php
https://www.medicalnewstoday.com/articles/249141.php
https://www.medicalnewstoday.com/articles/249141.php
https://www.medicalnewstoday.com/articles/249141.php
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normal white blood cells that produce enzymes. It is a piece of 

the body's immune reaction to malignancy. Researchers are 

still uncertain about the source of the enzymes, but they are 

likely to facilitate the spread of healthy tissue cancer. When 

cancer passes and breaks normal tissue, the blood vessels in 

the vicinity can cause bleeding.[15] As the tumor grows, its 

middle movements are far from the blood vessels in the place 

in which it grows. Therefore, the tumor center receives a 

decreasing amount of oxygen and vitamins. Cancer cells are 

unable to live without oxygen and vitamins like healthy cells. 

They then transport alerts, called angiogenic elements 

(angiogenesis is the formation of the latest blood vessels), 

which involve the migration, growth, and differentiation of 

endothelial cells, which line the inner wall of the blood 

vessels.[16] 

RQ4: What are the common bacteria sampling of brain cancer 

in CSF discussed in the literature? 

Bacteria sampling of brain cancer in CSF 
The microorganism or different germs in the pattern may be a 

signal of meningitis. This is an infection of the membranes 

masking the brain and spinal cord. The contamination can be 

caused by bacteria, fungi, and viruses, and it is the infectious 

illnesses of the brain and spinal wire, along with meningitis 

and encephalitis. The CSF assessments for infection examine 

white blood cells, bacteria, and different materials in the CSF 

and autoimmune disorders, including Guillain-Barré 

syndrome and more than one sclerosis (MS).  Lymphoma 

occurs while cancer cells migrate from the breast, lung, or 

every other part of the body into the cerebrospinal fluid (CSF). 

Once most cancer cells enter the cerebrospinal fluid, they 

settle in a single location within the brain and/or spinal cord 

and develop. The scientist carries out a bacterial test to 

determine the disorder and to research it using CSF. This 

check is particularly used to search for cancerous cells inside 

the CSF, the fluid that surrounds the brain and spinal wire. It 

is most often used if the tumor has already been diagnosed as 

a kind that can usually spread through CSF, which includes 

endometriosis. This check is carried out to measure the 

pressure within the CSF and collect a pattern of the liquid for 

further tests. The CSF evaluation may be used to diagnose a 

few neurological disorders. These can consist of infections 

(consisting of meningitis) and brain or spinal cord damage.[19] 

Materials and Methods  

The reasons for preferring theoretical mapping are 

fundamental. It is a theoretical-based technique for defining, 

comparing, and interpreting all related data on a particular 

study topic, target area, or fascinating phenomena. Systematic 

mapping is well-established and is a systematic method of 

researching and synthesizing scientific data regarding a 

methodology or procedure, finding relevant regions and 

discrepancies in contemporary studies, and providing specific 

information to researchers or clinicians to support a new 

inquiry. A comprehensive mapping analysis differs from a 

conventional literature review in that it takes extra time and 

effort, and it also provides a broader understanding of the 

subject and a good foundation for generating data on issues 

concerning the studies reviewed.[20-22] This systematic 

procedure for mapping have five steps are shown in Figure 1.

 

 

Figure 1. Stages of a systematic mapping study 

Figure 1 shows the conceptual framework of data collection 

for different journal publishing houses. The manuscripts give 

brief information about enzymes and CSF detecting brain 

cancer using a variety of well-indexed journal materials. 

Publication selection 
This section includes information on the criteria of inclusion 

and exclusion used to select publications and the process used 

to pick relevant articles based on the study questions. 

Subsequent requirements for inclusion were developed:  

The study period comprised almost a decade of publication, 

which involved articles conducted between 2007 and 2022. 

The date of commencement was selected because most cancer 

enzymes were initially reported from 2007 onward. However, 

the studies were carried out in early 2018, so the nearest 

publication corresponding to the end of 2017 had been taken 
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into consideration within the systematic mapping to take a 

look at: 

• Experimental studies specializing in most cancers-

concentrated on enzymes. 

• Studies that focused on supplying treatment for brain 

tumors, a way to spot cancer-related enzymes, and 

locate symptoms of cerebrospinal fluid (CSF).  

The following exclusion criteria were used: 

• Articles without focusing on the field of neuroscience. 

• Articles that only provide guidelines, 

recommendations, or descriptions of multiple brain 

tumor enzymes. 

• Articles not written in English. 

Categorization of enzymes 
This segment provides the effects of systematic mapping. The 

general wide variety of studies selected within the number of 

studies segment becomes 162. Based on the inclusion and 

exclusion criteria, 44 articles in the last generation were 

identified. Details of each generation are illustrated in Table 

1. The selected articles were studied and analyzed in detail to 

answer the research questions. The following sources are used 

to evaluate this study which is given below: 

Table 2. Study selection 

Source Retrieved Initial selection Final selection 

IEEE 98 10 6 

ACM 20 9 3 

Science Direct 120 100 20 

Springer Link 40 20 5 

SAGE 30 25 10 

Total 308 164 44 

Table 2 illustrates the selection criteria of the articles in the 

publishing database of the recognized indexing services. We 

can see the distribution of the information from the retrieved 

manuscripts and the initial and final selection of the 

manuscripts which are targeted by gathering detailed 

information about cancer and enzymes. 

 

 

Table 3. Publication venues with more than one selected study 

Library Type Frequency 

Science Direct Journal 5 

Science Direct Journal 3 

ACM Journal 2 

IEEE Journal 2 

IEEE Journal 2 

SAGE Journal 1 

Springer Journal 1 

Table 3 demonstrated the Libraries’ information such as 

Science Direct, SAGE Online, and Springer, and excerpts for 

courses related to the evolving field of testing that had been 

published in journals. Among these three libraries, the 

frequency of books on Science Direct changed for the better, 

forming 25% of articles within the collection. Springer and 

SAGE ranked second and third within the group, respectively. 

Table 3 shows unusual peaks for study number one with two 

or more repeats. The results indicate that most articles are 

published in journals. The journal Appropriateness Science 

via Science Direct has the best articles (20 out of 120), 

although Information Science via Science Direct ranks second 

with two articles out of 20. 

Results and Discussion 

This section shall discuss the results in detail and map them in 

line with the proposed study inquiries to fully understand the 

ability of the readers. 

RQ1: What are the common sign of cerebrospinal fluid (CSF) 

leakage and enzymes from brain cancer cases and various 

secreted proteins? 

To solve RQ1, all retrieved articles have been meticulously 

studied, and the primary weaknesses mentioned in those 

articles have been extracted. Table 4 lists these common signs 

of a CSF leak which encompass: complications, which 

become worse whilst sitting or enhanced while lying down; it 

happens regularly or suddenly. The consequences of the 

present-day mapping suggest that the enzymes are 

investigated extra frequently, with many researchers treating 

these concerns as shown in Table 4.

 

Table 4. Targeting CSF for the discovery of brain cancer biomarkers 

Approach Method Pros Cons 

 

CSF cytoanalysis - CSF is tested 

underneath a microscope to search for 

cancerous cells 

Highly specific[23] Low sensitivity and fake bad 

consequences are common place[24] 

Detection of cancer cells 

in the CSF 

Cytometry Analysis: They can provide 

information on the expression of cell 

surface proteins 

An automated method allowing for 

rapid analysis.[25] 

A smaller size of the CSF is 

needed[26, 27] 

False negative and false positive 

results may occur (especially with 

a decrease in the number of cells, 

<25 cells / UL).[28] 

Detection of biochemical 

molecules discharged by 

malignancy for CSF 

CSF Protein Analysis: Normal character 

and measurement of entire protein 

supplementation in CSF 

Explicit protein examples can 

separate among subtypes or 

degrees of special cerebrum 

tumors[29, 30] 

Limited sensitivity and 

specificity[28, 31] 

   



Saeed: A Systematic Mapping Study of Tumor Cell Released by Enzymes and Toxins 

34                                                                                         Clinical Cancer Investigation Journal | Volume 11 | Issue 5 | September – October 2022 

Table 4 shows a brief discussion about cancer and CSF 

detection in the edema or peritumoral cyst. 

RQ2: What are the key venues for publications on Enzymes 

and Enzymes of Brain Cancer? 

Five foremost fact-mining libraries specifically, IEEE, 

ACM, Science Direct, SAGE, and Springer had been used, 

to determine the primary places of eBooks. Moreover, the 

outcomes in Table 2 show that the guides extracted from 

IEEE and ACM libraries are specifically convention articles; 

only 6 out of 98 articles found inside the IEEE library within 

the virtual library-ACM are journaled articles. On the other 

hand, all guides retrieved from the remaining 3 libraries 

(Science Direct, SAGE, and Springer) are mostly articles in 

clinical journals, except for one article posted in Springer 

journal. This suggests that IEEE and ACM are the principal 

websites for convention courses in the region, similar to 

Science Direct, SAGE, and Springer, which are the primary 

sites for journal publications. In addition, to discover the 

most important journals and meetings that publish articles on 

enzymes for brain cancers, we listed journals that have 

posted a couple of articles from the Retrospective List of 

Studies in Table 3.  

RQ3: Which researches are the targets of genes encoding 

proteins/enzymes and breakdown enzymes in the selected 

studies? 

Detection of cancer cell enzymes in the CSF 
The statistics acquired from the selected research reply to the 

research question; Central nervous system cancer (CNS) is a 

devastating disease that requires treatment. It is extremely 

important to create biomarkers that can lead to an accurate 

diagnosis of central nervous system cancer or that are useful 

in predicting disease progression or responding to treatment. 

Cerebrospinal fluid has been widely targeted to detect 

molecules that could have beneficial signs of cancer detection. 

However, to date, only a few of those signs have found a 

standardized recurring medical utility. This study examines 

cutting-edge scientific knowledge about the biochemical 

elements in CSF which have been pronounced within the 

literature as critical indicators of brain cancer. It highlights 

why many markers have not been diagnosed within the control 

of tumors.[28] 

RQ4: What are the common Bacteria sampling of brain cancer 

in CSF discussed in the literature? 

According to the information acquired from the chosen 

studies, cancer cells changed the metabolism of cells. 

Mutations in genes related to the principal metabolic pathways 

(for an instance, Isocitrate dehydrogenase 1 and a pair of 

IDH1/IDH2) are vital cancer-causing agents, inclusive of 

critical nervous system tumors (CNS). Therefore, we 

hypothesize that the abnormal metabolic state of CNS cancer 

cells ends up in foreign levels of metabolites in the 

cerebrospinal fluid, and certain important types of systemic 

cancers of concern are associated with unique changes within 

the ranges of the cerebrospinal fluid metabolite. We analyzed 

the contrasts in the abundance of 43 metabolites between the 

cerebrospinal fluid of control patients and the CSF of patients 

with essential or metastatic anxiety tumors.[28] 

Research and practical implications  
This map observes both accurate and studied implications. We 

categorized the primary properties of enzymes and brain 

cancer and determined their frequency of occurrence in 

selected studies. This will help researchers to figure out the 

enzymes targeted for creating brain cancer toxins. In the 

future, researchers may target those cells that migrate from 

one part to another, which requires more research for future 

implementation. Therefore, the study of the systematic maps 

and empirical effects will help to practitioners to decide where 

to invest, develop equipment and strategies by becoming 

aware of information about the enzymes and their 

functionalities. 

Conclusion 

This research offers scientific mapping by investigating the 

effects of enzymes and toxins released by tumor cell leakage 

in cerebrospinal cancer.  A total of 44 articles were selected 

using a specific search series for this systematic mapping 

study. Each publication was analyzed in detail, and this study 

focuses on the six types of enzymes that are discussed in the 

selected publications.  According to analysis, kallikrein 6 

(KLK6) and acetyl-CoA synthetase-2 (ACSS2) were the most 

frequently used and cited enzymes of brain 

tumors/carcinomas. These methods are most commonly used 

in the detection of enzymes, as detailed in the selected research 

including the purpose of infiltration detection and solutions to 

treat it with the help of enzymes analysis. These results are 

expected to help the cancer community better understand the 

diseases that exist in a variety of cancer conditions and 

strategies for mitigating them. 

Acknowledgments 

The authors thank Prof. Dr. Naweed Syed, FRCP (Edin) 

Professor, Department of Cell Biology & Anatomy Scientific 

Director, and Alberta Children’s Hospital Research Institute 

Cumming School of Medicine, at the University of Calgary, 

Prof. Dr. A. Hashim at Neurospinal & Cancer Care Institute 

and hospital, Karachi, Pakistan for encouraging to carry out 

this work.  

Conflict of interest 
None.  

Financial support 
None.  

Ethics statement 
The study received ethical approval from the Human Research 

Ethics Committee of the University of Calgary, Canada, and 

was conducted according to the good clinical practice 

guideline, as well as the Declaration of Prof. Dr. Naweed. I. 

Syed, University of Calgary, 2500- NW, Calgary, AB T2N 

1N4, Canada. The project number of ethical approval was 

School of Cuming, cell Biology Department and special 



Saeed: A Systematic Mapping Study of Tumor Cell Released by Enzymes and Toxins 

Clinical Cancer Investigation Journal | Volume 11 | Issue 5 | September – October 2022                                                                                             35 

thanks to Prof. Dr. A. Hashim, Neurospinal & Cancer Care 

Institute (NCCI), Depot Lines, Mansfield St, Karachi, Karachi 

City, and Sindh, Pakistan to help me in this project as a 

consultant in cancer research. All data had been fully 

anonymized before they were accessed. The Ethics Committee 

waived the requirement for informed consent because of no 

greater than minimal risk for participants.  

References 

1. Miller K. Cancer Treatment & Survivorship Facts & Figures. Am 

Cancer Soc. 2016;6(44):1-44. 

2. Blasco MA. Telomeres and human disease: Ageing, cancer and beyond. 

Nat Rev Genet. 2005;6(4):611-22. 

3. Al-Badarneh A, Najadat H, Alraziqi AM. A classifier to detect tumor 

disease in brain MRI brain images. ACM International conference on 

advances in social networks analysis and mining. IEEE 2012;26-9. 

4. Fishman RA, Dillon WP. Spontaneous intracranial hypotension causing 

reversible frontotemporal dementia. Neurology. 2002;58(8):1285-7. 

5. Yaoa L, Guoa X, Guia Y. Acetyl-CoA Synthetase 2 promotes cell 

migration and invasion of renal cell carcinoma by upregulating 

lysosoma-associated membrane protein 1 expression. Cell Physiol 

Biochem. 2018;4(3):984-92. 

6. Mashimo T, Pichumani K, Vemireddy V, Hatanpaa KJ, Singh DK, 

Sirasanagandla S, et al. Acetate is a bioenergetic substrate for human 

glioblastoma and brain metastases. Cell. 2014;159(7):1603-14. 

7. Diamandis EP, Yousef GM, Soosaipillai AR, Grass L, Porter A, Little 

S, et al. Immunofluorometric assay of human Kallikrein 6 

(Zyme/Protease M/Neurosin) and preliminary clinical applications. 

Clin Biochem. 2000;33(5):369-75. 

8. Raidoo DM, Bhoola KD. Kinin receptors on human neurones. J 

Neuroimmunol. 1997;77(1):39-44. 
9. Kusaczuk M, Krętowski R, Naumowicz M, Stypułkowska A, 

Cechowska-Pasko M. Silica nanoparticle-induced oxidative stress and 

mitochondrial damage is followed by activation of intrinsic apoptosis 

pathway in glioblastoma cells. Int Nanomed. 2019;13(1):2279-94. 
10. Abbott NJ, Patabendige AA, Dolman DE, Yusof SR, Begley DJ. 

Structure and function of the blood–brain barrier. Neurobiol Dis. 

2010;37(1):13-25. 

11. Chiu M, Taurino G, Bianchi MG, Ottaviani L, Andreoli R, Ciociola T, 

et al. Oligodendroglioma cells lack Glutamine Synthetase and are 

auxotrophic for Glutamine, but do not depend on Glutamine anaplerosis 

for growth. Int J Mol Sci. 2018;19(4):1099-117. 

12. Saurty-Seerunghen MS, Bellenger L, El-Habr EA, Delaunay V, Garnier 

D, Chneiweiss H, et al. Capture at the single cell level of metabolic 

modules distinguishing aggressive and indolent glioblastoma cells. 

Acta Neuropathol Commun. 2019;7(1):155-71. 

13. Ramírez-Expósito MJ, Mayas-Torres MD, Carrera-González MP, 

Jiménez-Pulido SB, Illán-Cabeza NA, Sánchez PS, et al. Silver (I)/6-

hydroxyiminolumazine compounds differently modify renin–

angiotensin system-regulating aminopeptidases A and N in human 

neuroblastoma and glioma cells. J Inorg Biochem. 2019;138(1):56-63. 

14. Lombardi G, Zustovich F, Farina P, Puppa AD, Manara RB, Cecchin 

D, et al. Neoplastic Meningitis from Solid Tumors: New Diagnostic and 

Therapeutic Approaches. Neurooncol Neurosurg. 2011;16(8):1175-88. 

15. Arif A. Extraneuronal activities and regulatory mechanisms of the 

atypical cyclin-dependent kinase CDK5. Biochem Pharmacol. 

2012;84(8):985-93.  

16. Takasugi T, Minegishi S, Asada A, Saito T, Kawahara H, Hisanaga SI. 

Two degradation pathways of the p35 Cdk5 (Cyclin-dependent Kinase) 

activation subunit, dependent and independent of ubiquitination. J Biol 

Chem. 2016;291(9):4649-57.  

17. Kinker GS, Shinjo SMO, Carvalho-Sousa CE, Muxel SM, Marie SKN, 

Markus RP, et al. Melatonergic system-based two-gene index is 

prognostic in human gliomas. J Pineal Res. 2016;60(1):84-94. 
18. Wachowiak R, Krause M, Mayer S, Peukerta N, Suttkus A, Müller WC, 

et al. Increased L1CAM (CD171) levels are associated with 

glioblastoma and metastatic brain tumors. Medicine. 2018;97(38):38-

42. 

19. Najac C, Radoul M, Le Page LM, Batsios G, Subramani E, Viswanath 

P, et al. In vivo investigation of hyperpolarized acetoacetate as a 

metabolic probe in normal brain and glioma. Sci Rep. 2019;9(1):3402-

11.   

20. Seerunghen MS, Bellenger L, El-Habr EA, Delaunay V, Garnier D, 

Chneiweiss H, et al. Capture at the single cell level of metabolic 

modules distinguishing aggressive and indolent glioblastoma cells. 

Acta Neuropathol Commun. 2019;7(1):155-71. 

21. Maes OC, Schipper HM, Chertkow HM, Wang E. Methodology for the 

discovery of Alzheimer’s disease blood-based biomarkers. J Gerontol 

A Biol Sci Med. 2000;64(6):636-45.  

22. Tarricone C, Dhavan R, Peng J, Areces LB, Tsai LH, Musacchio A. 

Structure and regulation of the CDK5-p25nck5a complex. Mol Cell. 

2001;8(3):657-69.  

23. Lin H, Lin TY, Juang JL. Deregulates CDK5 kinase activity and 

subcellular localization in Drosophila neurodegeneration. Cell Death 

Differ. 2006;14(3):607-15.  

24. Kobayashi H, Saito T, Sato K, Furusawa K, Hosokawa T, Tsutsumi K, 

et al. Phosphorylation of cyclin-dependent kinase 5 (CDK5) at Tyr-15 

is inhibited by CDK5 activators and does not contribute to the activation 

of CDK5. J Biol Chem. 2014;289(28):19627-36. 

25. Shi C, Viccaro K, Lee HG, Shah K. Cdk5-FOXO3a axis: Initially 

neuroprotective, eventually neurodegenerative in Alzheimer’s disease 

models. J Cell Sci. 2016;129(9):1815-30.  

26. Nikhil K, Shah K. Cdk5-Mcl-1 Axis promotes mitochondrial 

dysfunction and neurodegeneration in Alzheimer disease model. J Cell 

Sci. 2017;130(1):3023-39. 

27. Marchitti SA, Brocker C, Stagos D, Vasiliou V. Non-P450 aldehyde 

oxidizing enzymes: The aldehyde dehydrogenase super-family. Expert 

Opin Drug Metab Toxicol. 2008;4(6):697-720. 
28. Braak H, Braak E. Neuropathological staging of Alzheimer-related 

changes. Acta Neuropathol. 1991;82(4):239-59. 

29. Ayala A, Muñoz MF, Argüelles S. Lipid peroxidation: production, 

metabolism, and signaling mechanisms of malondialdehyde and 4-

hydroxy-2-nonenal. Oxid Med Cell Longev. 2014;1(1):1-31.  

30. Nikolic M, Dudek H, Kwon YT, Ramos YF, Tsai LH. The cdk5/p35 

kinase is essential for neurite outgrowth during neuronal differentiation. 

Genes Dev. 1998;10(7):816-25. 
31. Wang Q, Xiao H, Luo Q, Li M, Wei S, Zhu X, et al. APE1/Ref-1 

expression significantly correlates with MGMT promoter methylation 

in patients with high-grade gliomas. Int J Clin Exp Pathol. 

2016;9(1):9562-8. 

 

 

 

 

 

 

 

 


