


 
 

Abstract 
Monitoring of cancer growth progression during therapy is vital for deciding the efficiency of 
the applied therapeutics strategies and for optimizing further treatment of the disease. The 
methods used for monitoring today, with the use of tissue biopsies, are invasive and can 
usually not be repeated as often as needed for monitoring cancer. Liquid biopsy, however, 
only requires a body fluid sample which is usually less invasive. Therefore, liquid biopsy is a 
better alternative for monitoring cancer compared to tissue biopsies. 

Biovica is a company that specializes in assays that measure DNA building block enzymes 
relevant for cancer monitoring. They ordered this project with the aim to provide suggestions 
of biomarkers for monitoring cancer with liquid biopsy.  

The project was conducted by a literature study where we reviewed several biomarkers. 
Seven biomarkers and two groups of biomarkers were selected and then evaluated in 
combination with methods by relevance, specificity, sensitivity and previous studies.  

The biomarkers evaluated in this report were HKII, LDH, NSE, PLK1, TdT, Telomerase, 
TrxR, DUBs and KLKs. The biomarkers that were found being most promising were KLK2, 
KLK3 and TrxR. This was concluded since a large amount of studies have been conducted on 
them and KLK3 is already clinically used in monitoring of cancer. They do seem promising 
for being the next focus point for Biovica. 
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1. Introduction 
Monitoring of cancer growth progression during therapy is vital for deciding the efficiency of 
the applied therapeutics strategies and for optimizing further treatment of the disease. Today, 
most evaluations of cancer growth progression and response to treatment are conducted 
through tissue biopsies and different  in vivo  imaging methods. However, tissue biopsy is an 
invasive procedure and several imaging methods for monitoring tumor progression have a 
limit to how often they can be applied due to risks connected to radiation exposure and costs. 
Therefore, researchers are trying to develop techniques based on liquid biopsy in order to 
create in vitro  diagnostic (IVD) methods using more gentle sample collection. 

This project is provided by the swedish biotechnology company Biovica. Biovica has 
currently a product called Divitum ®, for further explanation, see appendix I. which is an 
enzyme-linked immunosorbent assay (ELISA) using thymidine kinase-I as biomarker for 
monitoring the response to metastatic breast cancer treatment. Now Biovica wants to get a 
deeper insight into the future of IVD assays using biomarkers and liquid biopsy.  

However, in order to analyse cancer using liquid biopsy, a biomarker detectable in bodily 
fluids is needed. This biomarker has to be correlated to the growth of the cancer and its 
expression has to increase proportionally. In this project, the aim has been to find new 
potential enzymatic biomarkers that can be used to monitor the cancer with liquid biopsy and 
thereby assess the efficiency of the applied therapy. Furthermore, analytical techniques 
connected to liquid biopsy for monitoring of the biomarkers will be presented. Since there are 
several forms of biomarkers, a future perspective is also presented which includes the use of 
circulating tumor DNA (ctDNA), circulating tumor cells (CTC) and exosomes as biomarkers.  
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2. Background 
2.1 Introduction to biomarkers 

Biomarkers are measurable and quantifiable indicators of an organism's physiological or 
pathological state. A biomarker can be any detectable bio-molecule correlating with 
outcomes of medical treatment for a disease (Weaver & Leung 2018) . Enzymes and other 
cellular components can be released into bodily fluids through active secretion, leakage, or 
cell necrosis (Corcoran & Chabner 2018 , Yang et al.  2019).  

The concentration of enzymes or the enzymatic activity measured in bodily fluids can reveal 
information about the tumor activity. ctDNA, however, is tumor-derived DNA molecules 
circulating freely in the bloodstream. Sequencing of ctDNA can reveal information about the 
mutations that have occurred during tumor development. Additionally, CTCs are cells 
detached from the primary tumor which are then carried around in the bloodstream (Yang et 
al.  2019). Exosomes are extracellular vesicles that are secreted from cancer cells and act as 
intracellular messengers. Both exosomes and CTCs are biomarker reservoirs that reveal the 
state of the cancer by the concentration and expression of the molecules they carry  (Loke & 
Lee 2018). The amount of exosomes, ctDNA or CTCs found in the blood of a patient can also 
be used as a measure of cancer progression (Li W et al.  2017, Cabel et al.  2017, Corcoran & 
Chabner 2018) . 

Furthermore, Weaver & Leung (2018 ) stated that biomarkers can be combined to provide 
better sensitivity and specificity for an assay since few biomarker molecules are tissue and 
disease-specific. In that way the assay gets a greater discriminatory power.  

2.2 Cancer 

The National Cancer Institute (2007)  express that cancer is an umbrella term for several 
related diseases that can start almost anywhere in the body. All forms of cancer are 
characterized by uncontrollable cell division and proliferation, which is the spread of cancer. 
In many cases, tumorigenesis (the formation of cancer) starts because cells have grown old 
and damaged and the process of apoptosis, self-programmed cell death, is not functional. The 
loss of apoptosis leads to the survival and continued division of old and damaged cells which 
then leads to the formation of tumors.  

Furthermore, National Cancer Institute (2007)  writes that malignant cancer tumors can spread 
to other tissues in the body, both neighboring and distant. They spread to distant tissues 
through the blood or lymph system when tumor cells break off from the primary tumor. This 
new tumor is the same type of cancer as the original one since they both originated from the 
same cells. This process is called metastasis and is the main cause of death from cancer. 

7 

https://www.zotero.org/google-docs/?Ay6VI2
https://www.zotero.org/google-docs/?00HbOF
https://www.zotero.org/google-docs/?xNXD6U
https://www.zotero.org/google-docs/?xNXD6U
https://www.zotero.org/google-docs/?xNXD6U
https://www.zotero.org/google-docs/?HdCscl
https://www.zotero.org/google-docs/?HdCscl
https://www.zotero.org/google-docs/?HdCscl
https://www.zotero.org/google-docs/?1a9KKs
https://www.zotero.org/google-docs/?1a9KKs
https://www.zotero.org/google-docs/?Daf46D
https://www.zotero.org/google-docs/?SpduxN
https://www.zotero.org/google-docs/?SpduxN


 

There are also tumors that do not spread called benign tumors. They usually do not grow 
back once removed which malignant tumors sometimes do.  

2.2.1 Differences between normal cells and cancer cells 

National Cancer Institute (2007)  mention that cancer cells differ from normal cells in the 
sense that they do not differentiate into having specific functions which leads to them 
continuing to divide. Cancer arises from mutations and epigenetic alterations to the DNA. 
These alterations generally occur slowly and become more common as people age. This 
means that each cancer patient has a unique combination of mutations, thus making every 
cancer cell different. Therefore, tumors may have very different proteomes, making it hard to 
find one universal biomarker that is overexpressed in all cancers. This fact also results in 
people responding differently to treatments. 

Cancer cells often differ from normal cells in mutations of genes that affect cell division and 
growth, these mutations may be inherited but can also occur during life, this according to 
N ational Cancer Institute (2007) . There are mainly three types of genes connected to cancer 
development; proto-oncogenes, tumor suppressor genes and genes regulating DNA repair. 
Proto-oncogenes are involved in normal cell growth and division and may turn into an 
oncogene, a gene that may cause cancer by upregulating these mechanisms. Tumor 
suppressor genes are often inhibited in cancer, making it easier for tumors to form. DNA 
repair genes provides more difficulty for mutations to form. This means that when they are 
mutated and inhibited, more mutations arise, thus increasing the risk for cancer. Some sets of 
mutations can induce other mutations, therefore some mutations often exist together in 
cancer. 

As previously mentioned, a characteristic of cancer cells is that they can avoid apoptosis, 
enabling the continuous growth and division of the cells according to N ational Cancer 
Institute (2007) . They can also signal its surroundings to support the tumor by, for example, 
forming more blood vessels. Furthermore, they can avoid the immune system which normally 
destroys abnormal cells or use it for their own gain. 

2.2.2 Apoptosis and necrosis in cancer 

In an article by Lodish et al.  (2016)  they express that apoptosis is a self-programmed cell death 
where the cell die through a specific pathway of morphological changes, which leads to the 
fragmentation of the cell into small membrane enclosed vesicles that are phagocytosed. This 
can be initiated by intracellular or extracellular factors. An important aspect of apoptosis is 
that it inhibits intracellular proteins from being released into the extracellular environment 
which could lead to inflammation. 

Weinberg (2014)  express that apoptosis can be regulated by the protein p53. It has the ability 
to pause cell growth and division if it receives information that there is a disorder in the cell 
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cycle. If the damage is irreparable, apoptosis will be initiated. Since p53 specializes in the 
discovery and destruction of abnormal cells, it is a tumor suppressor protein. Therefore, the 
gene coding for p53 is the most commonly found mutated gene in cancers, approximately in 
one third of all tumors.  

According to Lee et al.  (2018)  cells do normally not act alone but are part of an extracellular 
matrix (ECM) and without a binding to ECM they are programmed to undergo apoptosis. 
This specific apoptosis is called anoikis. One of the characteristics of cancer cells is that they 
are resistant to anoikis which allows them to be released from the original cancer and form 
metastases.  

Necrosis is another way for cells to die. This is a form of uncontrolled and passive cell death, 
meaning it is not induced by the cell itself. In necrosis, the cells instead burst which releases 
all of the intracellular content into the extracellular environment (Lodish et al.  2016) . 
Necrosis is more prone to happen than apoptosis in cancer cells. This is due to the blockage 
of apoptotic pathways and the deprivation of oxygen and glucose (hypoxia) due to low blood 
supply in tumors. Therefore, necrosis often happens in the core of tumors, releasing the 
cancer cells intracellular components and making them detectable in for example blood (Lee 
et al.  2018, Jonas Bergquist, personal communication).  Necrosis has been shown to have a 
positive effect on cancer and has been correlated with induced growth of tumors, tumor 
progression and a worse prognosis for patients (Lee et al.  2018) . 

2.2.3 The Warburg effect 

Weinberg (2014) express that the metabolism of tumor cells differs from normal cells. In 
aerobic environments, normal cells digest glucose to pyruvate in the cytosol during glycolysis 
and then transport it to the mitochondria where it breaks down to carbon dioxide. In 
anaerobic environments, they still produce pyruvate in the glycolysis, but then reduces it to 
lactate instead of creating carbon dioxide. The lactate is then secreted out from the cell. 
Cancer cells on the other hand tend to constantly use the anaerobic pathway, even when they 
are in aerobic environments.  

In aerobic metabolism, Weinberg (2014) presents that where pyruvate is converted to carbon 
dioxide, 36 ATP-molecules are produced. In anaerobic metabolism, where pyruvate is 
converted to lactate, only 2 ATP-molecules are produced. From an energy production 
perspective, it is therefore unfavorable for cells to use anaerobic metabolism when oxygen 
exists in the environment. Still, up to 80% of cancer cells do use anaerobic metabolism even 
when supported with oxygen. It is still not determined if this behavior is a driving factor for 
cancer or if it is only a side effect of the progression of the cancer. The phenomenon was first 
discovered by Otto Warburg and is therefore called the Warburg effect. 
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2.2.4 Types of cancer 

Cancers can be categorized by the tissue where they originated, the primary cell that formed 
them or by the genetic alterations in the cells. The most common type of cancer is carcinomas 
which are responsible for over 80% of cancer-related deaths in the Western world. Carcinoma 
is defined as cancers formed from epithelial cells (Weinberg 2014) . Adenocarcinomas are 
carcinomas formed in epithelial cells that produce fluids or mucus. These include most 
breast, colon and prostate cancers. Squamous cell carcinoma is formed in squamous cells and 
may occur in the stomach, lungs, bladder and kidney cancers. There are also various other 
cancers that affect other types of cells and tissues. (National Cancer Institute 2007) 

2.3 Liquid Biopsy 

Liquid biopsy is the analysis of tumors using biomarkers prevalent in bodily fluids (Corcoran 
& Chabner 2018, De Rubis et al.  2019, Alix-Panabières 2020) , most commonly in blood 
(Mader & Pantel 2017, Eigeliene et al.  2019, De Rubis et al.  2019) . Liquid biopsy is however 
not exclusive to oncology and can be used for other diagnostic purposes (Mader & Pantel 
2017) . With liquid biopsy it is in theory possible to analyze the entire tumor circulome. This 
is defined as all tumor-derived elements in a fluid that indirectly or directly can be used as 
biomarkers. The following elements are common biomarkers for analysis of tumors in liquid 
biopsy: Tumor-derived proteins, CTC, ctDNA, platelets and exosomes among others (De 
Rubis et al.  2019) . Liquid biopsy is however not the standard in oncology today due to it still 
needs a lot more research to be sensitive and specific enough to reach sufficient results 
(Alix-Panabières 2020) . Instead, tissue biopsies are the most common form of analysis of 
tumors (Buono et al.  2019, De Rubis et al.  2019) . However, tissue biopsies have drawbacks 
when it comes to sampling and analysis, both of which will be brought to light in this section 
of the report.  

Liquid biopsies are superior to tissue biopsies when it comes to sample collection, price and 
speed (Mader & Pantel 2017, Eigeliene et al.  2019) . Tissue samples are taken from the primary 
tumor (Mader & Pantel 2017) , most commonly with a needle, and is then analyzed to see if the 
tumor is benign or malignant (Cancerfonden 2018) . The extraction technique of the tissue sample 
might make tissue biopsy invasive and painful for patients (Eigeliene et al.  2019) . Furthermore, 
they can be risky or impossible to perform depending on where the tumor is located in the body. 
An example of a remote tumor location is the lung (Chen M & Zhao 2019, Eigeliene et al.  2019) . 
Liquid biopsies, however, are a lot easier for patients as they only require a bodily fluid, which is 
not as invasive or uncomfortable to retrieve. Another disadvantage of tissue biopsies is the fact 
that samples cannot be procured often, making it difficult to monitor cancer (Eigeliene et al. 
2019) . In contrast, liquid biopsy samples can be collected frequently, making it better suited for 
real-time monitoring (Mader & Pantel 2017, Eigeliene et al.  2019, Buono et al.  2019) .  

Furthermore, tissue biopsies have drawbacks relating to the analysis of tumors. First of all, 
one cannot perform a tissue biopsy when a tumor has not yet formed, meaning early 
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diagnosis is hindered (Chen M & Zhao 2019) . Additionally, the analysis of tissue will only 
give information on tumor characteristics from that specific tumor location the tissue was 
taken from. Since cancer is heterogeneous it is possible to miss information if the tissue 
sample is collected from only one location from the tumor (Eigeliene et al.  2019) . Therefore, 
the most aggressive subclones of the cancer might go undetected from one tissue biopsy and 
this information is relevant for treatment options (Mader & Pantel 2017) . A liquid biopsy 
however can account for the heterogeneity of cancers and give information from several 
different locations at the same time from one test (Eigeliene et al.  2019) . Liquid biopsies 
reflect the range of properties tumors can have, including metastases and dissemination 
(Mader & Pantel 2017) .  

In an article by De Rubis et al.  (2019)  it is stated that blood is, as mentioned earlier, the most 
common bodily fluid for liquid biopsy. However, they also state that other bodily fluids can 
be used, such as urine, saliva, cerebrospinal fluid (CSF) and stool. Urine is a source of 
ctDNA in urogenital cancers (prostate cancer, cervical cancer and others) along with some 
non-urogenital cancers such as non-small cell lung cancer (NSCLC), CRC and gastric cancer. 
Moreover, ctDNA from head and neck squamous cell carcinoma is prevalent in saliva. 
Because of the blood-brain barrier, CSF could be a good fluid to find biomarkers for cancers 
related to the brain and central nervous system (CNS), as CSF is in direct contact with CNS.  

 
Figure 1. Molecules that can be detected from blood with liquid biopsy and their applications. Figure created 

with biorender.com 

De Rubis et al.  (2019 ) also write that liquid biopsy samples are analyzed differently 
depending on what type of biomarker that is monitored. For example, ctDNA is sequenced 
using next-generation sequencing (NGS), while tumor-derived proteins can be analyzed with 
an assay. See Figure 1. 
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2.3.1 ELISA 

ThermoFisher  (2020) states that enzyme-linked immunosorbent assay (ELISA) encompasses 
several plate-based methods for the detection and quantification of different substrates such 
as enzymes and peptides. ELISA methods are based on the immobilization of a substrate to a 
solid surface and then the addition of an antibody coupled to a detection marker that 
recognizes the substrate. The detection marker is usually an enzyme in which activity can be 
measured. There are several variants of ELISAs based on how the immobilization of the 
substrate occurs and how the detection of the bound substrate is carried out. The detection 
and the immobilization methods are divided into direct- and indirect methods.  

According to the article presented by ThermoFisher  (2020), indirect immobilization uses 
antibodies, with an affinity for the substrate, coupled to the solid surface. When the sample 
mixture, containing the substrates of interest, is added to the surface, the antibodies will only 
bind to the substrate of interest. When the sample has incubated long enough for the substrate 
to bind to the antibodies, the rest of the sample can be washed off. When using direct 
immobilization, the components of the sample are adsorbed directly onto the solid surface, 
meaning that compounds other than the substrate of interest might adsorb to the surface.  

ThermoFisher  (2020) presents two major principles for detection of the substrate once it is 
bound to the plate; direct- and indirect detection. Direct detection means that an antibody 
coupled to a detection marker is bound to the substrate. Next, the activity of the detection 
marker is measured in order to quantify or detect the substrate. On the other hand, indirect 
methods use two antibodies for detection. First, a primary antibody is bound to the antigen, 
thereafter, a secondary antibody bound to the detection marker is coupled to the primary 
antibody. This method may be preferable if the concentration of the substrate of interest is 
low since several of the secondary antibodies can bind to the primary one, amplifying the 
signal from the detection markers.  

The most powerful form of ELISA is the sandwich assay according to ThermoFisher  (2020), 
where indirect immobilization and indirect detection are used. One of the reasons for why it 
is so powerful is because the primary antibody binding to the substrate has its full 
immunoreactivity intact since it does not bind a reporter. However, it is important to avoid 
cross-reactivity between the different antibodies by deriving them from different organisms.  

ThermoFisher  (2020) states that when measuring the concentration of a substrate with only 
one epitope (antibody binding site), it is common to use a competitive ELISA. In this method, 
the sample is added to a mixture containing labeled substrates, which is then added onto the 
plate. After binding has occurred, the labeled and unlabeled substrate will have competed for 
the binding sites. When measuring the signal from the labeled substrate the substrate 
concentration in the sample will be inversely proportional to the signal.  
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2.3.2 Bead-Based methods 

Recently, magnetic beads have gotten a lot of attention as a method for separation and 
purification of biomolecules. It is becoming an alternative to commonly used methods such 
as filtration and centrifugation. According to Safarik & Safarikova (2004)  Separation by 
bead-based methods is divided into two subcategories; direct- and indirect methods. With 
direct methods, a suiting affinity ligand is ligated directly onto magnetic beads. The target 
molecule may then bind to the ligand on the magnetic beads which can be separated using 
magnetic forces leading to the separation of the molecules. With indirect methods, the ligand 
is instead added to the solution where it hybridizes with the target molecule where after the 
complex binds to the magnetic beads.  

In addition to purification, these magnetic beads and other bead-based methods are becoming 
more common on the market for the detection and quantification of biomolecules. According 
to a study by Graham et al.  (2019)  magnetic beads could act as a compliment or substitution 
for the frequently used method ELISA. The corporation Luminex ® has specialized in the 
development of beads and tools for analyzing bead-coupled ligands. Luminex ® uses 
polystyrene microspheres to bind for example DNA-substrates to detect and quantify genes in 
a sample, or by ligating antibodies for detection of proteins. What makes this technique 
unique from ELISA is the advantages it gives in multiplexing, in other words analyzing 
multiple biomarkers at the same time. Analyzing multiple cancer biomarkers, thus covering 
more parameters, could result in more accurate monitoring (Graham et al.  2019) . 

One early example of a bead based method for multiplexing, similar to the sandwich ELISA, 
was conducted in 1999 (Graham et al.  2019) . In this study, 15 cytokines could be quantified 
from the same sample in one assay. This is a huge advantage compared to ELISAs, where 
each cytokine would have to be analyzed in a separate experiment. This would require bigger 
samples from the patient and it would be more expensive and time-consuming. The 
bead-based method was also found to be more accurate, sensitive and reproducible than 
ELISAs. This might be due to various reasons, such as simpler and better washing methods, 
better regulation of sensitivity by changes in the number of beads and also covalent bonding 
of ligands instead of hydrophobic as in ELISA (Carson & Vignali 1999) . Bead-based 
methods are now the routine method for cytokine assays (Graham et al.  2019) . 

Bead-based methods can also be utilized for the detection of specific enzymatic biomarkers 
such as telomerase. The use of these types of methods improves both accuracy and 
quantification of the detected or extracted enzyme, compared to the often insufficient results 
of the more long-established methods (Saldanha et al.  2003) . Bead-based methods can be 
used in several types of enzyme detection assays. A study published in 2009 showed that 
Streptavidin-coated magnetic beads in combination with a nanoparticle 
electrochemiluminescence (ECL) based platform show promising results for telomerase 
detection. The nanoparticles in the telomerase activity detection ECL-assay demonstrated a 
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substantial improvement in specificity without the need for PCR amplification (Zhou et al. 
2009) . 

Other types of bead-based methods have also been tested, such as quantification of proteins 
by ligation of protein targets to beads that Park J-E et al.  (2009) does in their study. The 
preliminary test results suggest that this type of assay has the potential to be utilized to 
continually track patients’ response to therapy. 
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3. Biomarkers 
Nine enzymatic biomarkers or groups of enzymatic biomarkers have been the focus point in 
this project. These have been examined based on function, relevance for cancer and available 
methods for detection of these biomarkers. Figure 2 displays an overview of where in the cell 
the enzymes are active. 

 
Figure 2. Representation of the enzymes’ locations in the cell. The representation of the enzymes are the actual 

structures of the enzymes. Figure created with biorender.com. 

3.1 Method  

In order to find suitable biomarkers for cancer monitoring we first searched the database 
PubMed broadly by using a combination of search words* such as; Enzymes [MeSH], 
Enzyme[Title/Abstract], Biomarker[MeSH], Biomarker[Title/Abstract], Neoplasms[MeSH], 
Neoplasms[Title/Abstract], Assay[MeSH], Assay[Title/Abstract], Liquid biopsy[MeSH], 
Liquid biopsy[Title/Abstract]. From this broad search 14 biomarkers were found. This 
process took around 1 day. 

After this, each person conducted a more detailed search on 1-2 biomarkers based on criteria 
such as the number of studies, if results were consistent between/within studies, monitoring 
potential and if the biomarker is present in bodily fluids. The combination of search words 
were: Biomarker[MeSH], Biomarker[Title/Abstract], Neoplasms[MeSH], 
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Neoplasms[Title/Abstract], Assay[MeSH], Assay[Title/Abstract], Liquid biopsy[MeSH], 
Liquid biopsy[Title/Abstract] along with each specific biomarker. See Appendix IV for each 
criterion and each biomarker. This process took 3-4 days. 

*An example of a search could be: ((Liquid biopsy[MesH] OR Liquid biopsy[Title/Abstract]) 
AND (Neoplasms[MeSH] OR Neoplasms[Title/Abstract]) AND (Biomarker[Title/Abstract] 
OR Biomarker[MeSH]) AND (Assay[MeSH] OR Assay[Title/Abstract])).  

3.2 Single biomarkers  

The following are the single biomarkers that have been studied in this project. These may be 
a part of a group of enzymes but only one of them have been examined for cancer monitoring 
in this report. A summary of single biomarkers mentioned in this report are presented in 
Table 1.  

Table 1. Overview of biomarkers and cancer types.  

Enzymatic 
biomarker 

Cancer type* Detected with liquid 
biopsy 

Hexokinase Breast, gastric, cervical, non-small cell lung, liver, and 
pancreas cancer 

No  

LDH Nasopharyngeal cancer, oral squamous cell carcinoma and 
non-small-cell lung carcinoma 

Yes 

NSE Small cell lung cancer, non-small cell lung cancer, 
gastroenteropancreatic, melanoma, neuroblastoma, 
seminoma and adenocarcinoma 

Yes 

PLK1 Breast, colorectal, lung, and stomach cancer. 
Hepatocellular carcinoma 

Yes  

TdT Acute lymphocytic leukemia and acute myelocytic 
leukemia 

Yes 

Telomerase Bladder, colon, lung and ovarian cancer. Leukemia and 
lymphoma 

Yes 

TRXR Breast, gastric, and non-small cell lung cancer. 
Hepatocellular carcinoma 

Yes 

* This table does not contain a complete list of cancer types for every biomarker. 

3.2.1 Hexokinase 

Cancer cells generally have a higher cell proliferation compared to healthy cells resulting in a 
greater need for energy and metabolites. In order to accommodate this increased demand, the 
expression of enzymes connected to glycolysis is elevated. Hexokinase (HK) is a group of 
enzymes that catalyzes the phosphorylation of glucose during the first step of glucose 
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metabolism. It is overexpressed in cancer and has anti-apoptotic properties (Liu et al.  2019) . 
The phosphorylation occurs when glucose molecules are first transported into the cell through 
the membrane-bound glucose transporters. The resulting glucose-6-phosphate is a precursor 
for several anabolic and catabolic processes in the cell, making HK an important regulator of 
cell metabolism (Roberts & Miyamoto 2015) . The phosphorylation by HK is the rate-limiting 
step of glycolysis making overexpression of HK a great way of enhancing the rate of 
glycolysis (Liu et al.  2019) . 

3.2.1.1 The role of HKII in cancer development 

Liu et al.  2019 states that during cancer development, one common trait among most cancer 
types is an increased cell proliferation which requires a lot of energy and material for the 
synthesis of macromolecules. Another characteristic among malignant tumors is an increased 
metabolism through glycolysis. The elevated glycolysis provides the cell with energy and 
metabolites for the increased cell proliferation and gives the cell an antiapoptotic phenotype. 
Since HK is the rate-limiting enzyme during the beginning of glycolysis, the expression of 
HK is elevated in several forms of cancer. 

Patra et al.  (2013 ) states that there are four major isoforms of HK; HK I, II, III and IV where 
HKII and HKI have the highest affinities for glucose. HKI is expressed constitutively in most 
tissues while HKII normally is silent except for some types of tissues such as adipose, 
skeletal and cardiac muscles. 

According to Mathupala et al.  (2006 ) the expression of HKII is increased in cancers, which 
makes HKII a marker for distinguishing cancer tissue. In relation to cancer, HKII expression 
is one of the earliest indicators of tumorigenesis in the liver and pancreas. Moreover, when 
studying NSCLC cell lines in vitro , it was found that knockout of HKII significantly 
decreased cell proliferation even though HKI was still expressed. Apart from providing the 
cell with glucose-6-phosphate for production of metabolites and for glycolysis, HKII binds to 
the voltage-dependent anion channel (VDAC) of the mitochondrion. Since the increased 
HKII activity in the cell reduces the number of free VDAC sites, there are fewer VDAC sites 
available for interaction with pro-apoptotic molecules.  

3.2.1.2 Using HKII as a tool for prognosis of cancer development 

Apart from liver- and pancreas cancer, expression of HKII is observed in several other forms 
of cancer such as breast cancer, gastric cancer and cervical cancer. Several prognostic 
associations could be made for cervical cancer after a study based on 306 cervical squamous 
cell carcinoma- and endocervical adenocarcinoma samples with 13 healthy samples of 
cervical epithelia. The expression of HKII was quite a lot higher among cancer patients 
compared to healthy samples. This indicates a link between HKII levels and the progression 
of cervical cancer. Furthermore, using the data following the survival rate of 292 patients, the 
low levels among cancer patients could be linked to higher survival with a hazard ratio of 2.4 
(Liu et al.  2019) . This means that the probability of higher survival in the test group with low 
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HKII expression was 2.4 times higher than in the test group with high HKII expression 
(Brody 2016) . Using immunohistochemistry, one could see a high expression of HKII in 86% 
of cervical tumors compared to 11% of healthy cervical epithelia. Furthermore, an elevated 
HKII expression correlated with an increased pathological grade and larger tumors but not 
with age or lymph node metastasis (Liu et al.  2019) . 

3.2.1.3 Monitoring of HKII 

When monitoring cancer in a patient using HKII as a biomarker, there are several approaches. 
The simplest way is to monitor HK activity in blood serum. One way of doing this is by 
monitoring the reduction of NADP to NADPH and comparing the difference in activity 
between serum samples from healthy individuals versus serum from cancer patients. This was 
done in a study where a continuous measurement of HK activity was performed . In that 
study, an increased HK activity could be detected. However, there was no validation of the 
reason for that activity. It could be unrelated to the overexpression of HKII, since the activity 
could be due to another enzyme or another isoform of HK (Wang DL et al.  2017) . Another 
serum-based application is the use of a competitive ELISA based on the competition between 
HKII and HKII-HRP conjugates for binding to an anti-HKII antibody. This is a so-called 
stop-technique were the HKII/HKII-HRP is bonded to the plate and incubated with a 
substrate for HRP. After incubation, a “stop solution” is added which turns the solution 
yellow. The intensity of this yellow color is inversely proportional to the HKII concentration 
in the sample (MyBioSource) . However, this method is labeled with “for research use only”. 
Most tests of HKII activity have been performed in non-blood based studies, therefore further 
studies are needed for the monitoring of HKII in blood. 

In this study no patents were found regarding HKII that could be of relevance for Biovica.  

3.2.2 LDH 

Lactate dehydrogenase (LDH) is a group of five different tetrameric isoenzymes that catalyze 
the reversible conversion from pyruvate to lactate (Sheng et al.  2012,  Weinberg 2014) . LDH 
has been found to be overexpressed in many different cancer types and correlates with worse 
prognosis, more malignant tumors, an increased rate of metastasis (Grimm et al.  2016, Miao 
et al.  2016, Feng et al.  2018, Mori et al.  2019) , and resistance to chemotherapy and radiation 
therapy (Koukourakis et al.  2003, Grimm et al.  2016, Miao et al.  2016) . It is reasonable to 
think that the up-regulation of LDH is because of the Warburg effect since 80% of cancer 
cells utilize this ( Weinberg 2014) . However, LDH levels can increase with injuries and 
diseases not related to cancer. An example of this is heart attacks (Miao et al.  2016) . 

3.2.2.1 Physiological function  

As mentioned earlier in this report, cancer cells change their metabolism and favor anaerobic 
metabolism where pyruvate is converted to lactate. This conversion is catalyzed by LDH 
which is encoded by two genes, LDHA and LDHB. Each gene codes for one subunit, M and 
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H respectively. These subunits can form five different isoforms of LDH. There is LDH-1 
(4H), LDH-2 (3H1M), LDH-3 (1H3M), LDH-4 (1H3M), and LDH-5 (4M), all of which have 
been identified in serum (Grimm et al.  2016) . LDH-5 is inferior at interconverting lactate to 
pyruvate (Kayser et al.  2010, Miao et al.  2016) . LDHA is generally more positively 
correlated with cancer proliferation than LDHB (Miao et al.  2016, Feng et al.  2018) . 

3.2.2.2 Cancer studies  

In a study by Grimm et al.  (2016) , a liquid biopsy was performed on patients with oral 
squamous cell carcinomas (OSCC), n=34 where 50% had metastatic disease. They measured 
LDH-1, LDH-2, LDH-3, LDH-4 and LDH-5 serum levels along with total LDH serum levels. 
This measurement was performed before and after surgical removal of the tumor to see if 
there was a change in LDH activity. Before surgery, 68% of patients had overexpressed total 
LDH and 71% had overexpressed LDH-5. In 91% of patients, either total LDH or LDH-5 
was overexpressed. After treatment 91% of the patients with overexpressed total LDH had a 
decrease of LDH to normal levels and 89% of the patients with overexpressed LDH-5 had a 
decrease of LDH-5 to normal levels. According to this study, LDH levels in serum could be a 
predictor for adjuvant treatment success.  

Furthermore, Kayser et al.  (2010 ) tested LDH-5 overexpression using IHC in NSCLC tissues, 
n=269, along with non-neoplastic lung tissues, n=35. LDH-5 was not detected in the 
non-neoplastic tissues while 89.5% of neoplastic tissues expressed LDH-5. This study also 
found that LDH-5 expression correlates positively with TKTL1 expression, an enzyme that 
also indicates tumor aggressiveness and is overexpressed in NSCLC. Furthermore, no 
correlation was found between LDH overexpression and tumor stage, grading or survival 
( Kayser et al.  2010). A different study by Koukourakis et al.  (2003)  also investigated LDH-5 
expression in NSCLC tissues along with serum LDH-5 levels. Serum samples were taken 
from 33 of the total patients involved, n=87. The first sample was taken one day before or on 
the day of either NSCLC surgery (n=22) or tissue biopsy (n=11). The second sample was 
taken 8 days later. The cutoff value for high LDH was >450 U/L and 13 out of 33 patients 
had higher LDH-5 levels than normal before surgery or tissue biopsy. 8 days after surgery, all 
patients who underwent surgery had a drop in their LDH-5 levels. This study concluded that 
LDH could be used to predict tumor aggressiveness and might be even more powerful when 
combined with HIFα, a transcription factor. However, they also concluded that tissue samples 
are better at predicting cancer cells’ LDH activity compared to serum LDH ( Koukourakis et 
al.  2003) .  

In a study by Chen et al.  (2017) , serum LDH levels were tested in patients, n=1188, with 
non-metastatic nasopharyngeal carcinoma (NPC) before and after radiotherapy for 5 years. 
89.5% of patients also underwent chemotherapy. According to the LDH test used by the 
authors; normal LDH values are between 80-190 IU/L. LDH samples were analyzed every 3 
months for the first two years and then once every 3-6 months for an additional 3 years. The 
mean serum level for the patients was 147.15 IU/L with a range of 71-586 IU/L. 90 patients 
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had high LDH levels before cancer therapy and 65 of those had LDH measurements taken 
posttreatment. All 65 patients had their levels decreased except for three. During the 5 years, 
208 patients had metastasis and among those, 87 had their serum LDH levels tested. 69 out of 
the 87 had raised levels. The NPC patients that had high pretreatment LDH levels had worse 
treatment outcomes, especially those whose cancer was in an advanced stage. The authors 
concluded that LDH levels were indicative of tumor burden (tumor size) and thus LDH could 
be used to monitor cancer therapy efficacy. It is therefore worth considering LDH levels 
when determining cancer stage, treatment, and posttreatment alternatives.  

When LDH has been used in combination with PSA (Prostate specific antigen), in a study by 
Santotoribio et al.  (2014 ), the AUC cut-off value was 0.816 and the sensitivity was 100% and 
specificity 50%. However, more research has to be done on the subject. 

3.2.2.3 Methods and patents 

LDH has been measured with an unspecified biochemical assay (Koukourakis et al.  2003) , an 
autoanalyzer (Grimm et al.  2016) , an enzyme kinetics kit by Roche Diagnostics (Chen Z et 
al.  2017)  and an enzymatic calorimetric method (Santotoribio et al.  2014) . No studies 
explicitly stated how each method worked. No patents were found that seemed relevant for 
creating an LDH assay for monitoring cancer.  

3.2.3 NSE 

Neuron-specific enolase (NSE) catalyzes glycogenesis and occurs in limited quantity in 
neurons under normal conditions. In tumors of neuroendocrine origin, altered levels of NSE 
are required for the increased glycolytic metabolism (Isgrò et al.  2015)  and NSE could be a 
marker for lung cancer progression (Jørgensen et al.  1996, Wang L et al.  2016) . 

3.2.3.1 Physiological function 

According to Isgrò et al.  (2015) , NSE is one of the cytosolic isoenzymes of enolase, which all 
consists of dimers. There are three types of enolase-isoforms; enolase α which is found in all 
cells, enolase β that is muscle specific and enolase γ, also called NSE. NSE occurs in both γγ- 
dimers, which is specific to neurons, and in αγ- dimers. Enolases catalyze the dehydration of 
PGA to PEP in the glycolysis and the reverse reaction, PEP to PGA, in the glycogenesis. 
They are necessary for the anaerobic conversion of glucose to metabolites and are essential 
for all cells. Neuron-specific enolase catalyzes reactions in neurons and in all neuroendocrine 
or paraneuronal cells and serve as markers for neural differentiation  

3.2.3.2 NSE as a biomarker 

Isgrò et al.  (2015)  also stated that NSE is specific to neurons and peripheral neuroendocrine 
cells under normal conditions and can therefore be a valuable marker for malignant 
proliferation of these cells. When a tumor of neuroendocrine origin grows, it requires altered 
NSE levels for its glycolytic metabolism. Small cell lung cancer (SCLC) is a cancer type that 
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affects NSE levels the most. However, other diseases that have been found to affect the 
expression of NSE are NSCLC, gastroenteropancreatic (GEP)-NETs, neuroblastoma, 
melanoma and seminoma.  

3.2.3.3 NSE good predictor for SCLC 

A study by Jørgensen et al.  (1996)  that was performed on 770 patients with SCLC from nine 
different centers in six countries showed that serum NSE was the most potent predictor of 
survival, outperforming other predictors such as stage of cancer and serum LDH. About 80 % 
of the patients had increased levels of NSE, and there were no major differences in this ratio 
between the centers. In contrast, LDH was increased in 54 % of the patients. To conduct the 
investigation, radioimmunoassay and multivariate analysis were used.  

Wang L et al.  (2016) investigated the monitoring value of NSE along with other serum 
markers for lung cancer. Blood serum was collected from 308 patients with NSCLC, 84 
patients with SCLC, 116 patients with benign lung diseases and 144 healthy control patients. 
To investigate the monitoring value of NSE, 34 patients of the lung cancer group (both SCLC 
and NSCLC) were divided into two groups, those that underwent operation before 
chemotherapy and those that only received chemotherapy. The method they used was 
electrochemiluminescence immunoassay on a Roche Cobas e601 analyzer. The results 
indicated that the levels of NSE were higher in the SCLC and NSCLC groups than those with 
benign lung disease and healthy control groups. NSE concentrations were reduced 
significantly after the second and third chemotherapy treatment. However, NSE 
concentrations did not seem to correlate with different stages of lung cancer. The AUC for 
NSE in the SCLC group was 0.928, and AUC for the lung cancer group was 0.638. AUC for 
NSCLC patients was not presented. The lung cancer group however includes both SCLC and 
NSCLC patients so NSCLC had decreased levels of NSE when comparing AUC for the 
SCLC group exclusively. Based on these results, Wang et al.  concluded that NSE can be used 
for monitoring the effect of chemotherapy treatment for SCLC and to differentiate between 
the two types of lung cancer. 

3.2.3.4 NSE compared with TK 

Fiala et al.  (2014) compared NSE and thymidine kinase as biomarkers for predicting the 
outcome of epidermal growth factor tyrosine kinase inhibitor (EGFR-TK1) treatment in 
patients with advanced stage of NSCLC. Serum samples from 163 patients were taken one 
month before the EGFR-TK1 treatment. The NSE concentration was measured using 
immunoradiometric titration (IRMA) and for TK, a radioenzymatic assay (REA) was used. 
Significantly shorter progression-free survival (PFS) and overall survival (OS) was observed 
for both high NSE and high TK levels. Multivariate analysis however confirmed that high 
NSE levels are a strong independent predictive biomarker for short PFS, but not for OS. It 
also did not confirm that high TK is an independent predictive factor for short PFS but it 
confirmed that high TK levels is a negative prognostic factor.  
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3.2.3.5 Limitation of using NSE as a biomarker 

According to Mjønes et al.  (2017) , the most common form of NSE is a homo-dimer γγ which 
is a specific marker for neurons. However, NSE hetero-dimer αγ  is not only specific for 
neurons but may occur in other cell types. The currently used antibodies against the γ- chain 
are unable to discriminate between homo-dimer γγ from the other αγ hetero-dimer. As a 
result, the γγ homo-dimer was thought to be found in adenocarcinomas and undifferentiated 
carcinomas, when it in fact was the αγ hetero-dimer. This poses a limitation to NSE as a 
prognostic biomarker. However, many adenocarcinomas or undifferentiated carcinomas have 
been reclassified as NE carcinomas when antibodies specific to NE carcinomas were 
developed.  

In a study by Mastroianni et al.  (2020) , the heterodimer is also present in blood cells, which 
in case of hemolysis will result in significantly higher levels of NSE. This happens easily 
when blood samples are taken from the patients. To prevent detected NSE levels from 
depending on the degree of hemolysis in the samples, Mastroianni et al.  proposed that the 
hemolysis index (HI) of the blood sample should be measured before the NSE assay and 
those samples with HI > 30 should be excluded. In the rest of the samples, HI should be taken 
into consideration when detecting NSE levels.  

3.2.3.6 Kinetic method to detect NSE 

A simple kinetic method was used by Wevers et al.  (1983) to determine the enzymatic 
activity of NSE (both γγ and αγ) and non-neuronal enolase (NNE) in human serum and 
cerebrospinal fluid. For isoenzyme separation, a mini anion exchanger was used. However, 
only hetero-dimer αγ could be eluted, the homo-dimers did not have affinity for the anion 
exchanger. The detection process involved three reactions. First, enolase catalyzes the 
conversion of 2-Phosphoglycerate to Phosphoenolpyruvate (Pep) and water. The second 
reaction is catalyzed by Pyruvate kinase which converts Pep and ADP to Pyruvate and ATP. 
In the third reaction luciferase converts luciferin, ATP and oxygen to Oxyluciferin, AMP, Pi 
and carbon dioxide where light is also emitted. The luminescence is measured with a 
luminometer. It was stated that it has previously been impossible to quantify enolase in CSF 
without using sensitive immunoassays since it occurs in such small amounts. This method is 
according to Wevers et al. (1983) a rapid method and the sensitivity for this assay was similar 
to immunoassays which enables detection when there is a small amount of enolase in the 
sample.  

3.2.4 PLK1 

According to Barr et al.  (2004) , Polo-like kinase (PLK) is a group of serine/threonine 
kinases, meaning they phosphorylate the hydroxyl group of the amino acids serine and 
threonine. PLK1 has an important role in cell cycle progression, mainly for the step when the 
cell transitions from the G2-phase. G2 is a phase of rapid cell growth and preparation for cell 
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division, the mitosis (M-phase). Due to its vital role in cell cycle progression, PLK1 has 
gained interest as a potential biomarker for cancer since it is overexpressed in cancer cells. 

3.2.4.1 Physiological function 

Barr et al.  (2004) states that there are five different PLK isoforms. Among those, PLK1 
reaches its maximum activity during mitosis and is then degraded as the cell exits the mitosis. 
By regulating Cyclin Dependent Kinase 1 (CDK1), PLK1 contributes to the cells’ entry into 
mitosis. However, it also has an important role in the mitosis. It helps with the maturation of 
the centromeres in the prophase and it also regulates the nucleation of microtubule to form 
spindles that later will pull the chromosomes apart. It has also been shown that PLK1 
regulates the anaphase-promoting complex/cyclosome (APC/C), which contributes to the 
separation of the sister-chromatids. APC/C then initiates the cytokinesis by regulating the 
degradation and inactivation of CDK1. 

3.2.4.2 Studies of PLK1 and cancer 

Since mitosis is upregulated in tumor cells, PLK1 has gained interest as a potential biomarker 
for cancer since it has an important role in mitosis (Barr et al.  2004) . It has been known for a 
long time that PLK1 is upregulated and overexpressed in tumors from various cancers. In a 
study from 1994, it was found that PLK1 mRNA was expressed in 80% of tumors studied 
from various cancers, such as lung, colon and stomach. However, expression  could not be 
measured at all or only at low levels in normal tissues with low mitotic activity (Holtrich et 
al.  1994) . PLK1 has been found to be most active during cell proliferation and early stages of 
tumorigenesis. This means that the high levels may diminish when the tumour reaches a 
certain size and the growth rate is slower (Park J-E et al.  2009) . 

PLK1 expression has also been found to be increased in breast cancer (Takeshita et al.  2019) . 
In a study by Spänkuch et al.  (2007)  PLK1 was downregulated in breast cancer tumor cells 
using siRNA. It was found that the addition of siRNA resulted in a reduced number of cells 
and higher apoptotic activity in comparison with control groups. This corresponds with 
PLK1’s role in the cell cycle and mitosis (Spänkuch et al.  2007). In another study it was 
found that higher levels of PLK1 indicated a higher risk for cancer cell proliferation and 
poorer outcome. This is thought to be since PLK1 contributes to the suppression of the p53 
gene by increasing mutations in it. As mentioned, p53 is a known tumor suppressor and 
regulator of DNA damage repair and apoptosis. This might explain why the apoptotic activity 
was increased in cells where PLK1 was downregulated. It is stated in the article that 
monitoring of PLK1 as a biomarker could be a valuable prognostic tool for cancer due to its 
contribution to cancer cell proliferation (Takeshita et al.  2019). 

In a study by Rödel et al.  (2010)  the overexpression of PLK1 in colorectal cancer was 
studied. They did a study with 76 patients with colorectal cancer, all had higher PLK1 mRNA 
expression in the tumor tissues compared to ordinary tissues. Furthermore, it was shown that 
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higher expression of PLK1 was associated with poorer outcome after radiation treatment. 
Rödel et al.  (2010) hypothesized that PLK1 could be useful when choosing therapy methods 
for patients as well as being a predictive marker for the outcome of radiation therapy.  

In previous studied mentioned, the analyses of PLK1 were done by immunohistochemistry. 
Recently, a study by (Yousef et al.  2020)  was made on patients with hepatocellular 
carcinoma where serum levels of PLK1 was analyzed. The mean value of serum PLK1 was 
almost three times higher in patients with cancer than the value in healthy patients. A cutoff 
value could be chosen for PLK1 in serum with an AUC of 0.971, a sensitivity of 0.75 and a 
specificity of 1. The accuracy was 88%. Furthermore, serum PLK1 levels decreased when 
therapies were applied.  

3.2.4.3 Methods for analyzing PLK1 

In the study of PLK1 in serum by Yousef et al. (2020), an ELISA kit from 
Assaybiotechnology, Sunnyvale, CA, USA was used. This was a sandwich ELISA with 
rabbit antibodies specific for PLK1. This kit, along with all other kits found in this study are 
not approved for clinical use. 

Some assays measuring the activity of PLK1 are available on the market, but none are, as 
mentioned earlier, clinically approved. According to an article by (Park J-E et al.  2009) , the 
main reason to why the assays are not clinically approved is that they are not specific enough 
for PLK1. Available assays use a general kinase substrate that could be phosphorylated by 
other kinases that are contaminating the sample. They are also time consuming, insensitive 
and the PLK1 needs to be purified. The researchers in the article developed a new, specific 
activity analyzing method. It is known that PLK1 phosphorylates the centromeric protein 
PBIP1 which generates a strong interaction to the carboxyl terminus of PLK1. The PBIP1 
was fused with GST by expression in E. coli and then fixed to agarose beads to precipitate 
PLK1 and then make it phosphorylate neighboring PBIP1. This succeeded and the 
phosphorylation could be detected. The GST-PBIB1-peptide was then transferred to an 
ELISA and was utilized to measure the activity of PLK1 by detecting the phosphorylation of 
the PBIP1-peptide. The measurement could be done both with  an antibody for the 
phosphorylation site at the PBIP1 and with an antibody for PLK1, where the signal from the 
PBIP1 antibody was significantly stronger. 

A patent application titled “ Method For Detection And Quantification Of Plk1 Expression 
And Activity ” have been filed for the method of using PBIP, or parts of it for activity 
measurements of PLK1 in biological samples, but has not yet been granted (S & Eun 2009) . 
Another patent was also filed for PLK1 activity measurements, called “ Compositions And 
Methods For Modulation Of Plk1 Kinase Activity “ (Frank et al.  2008) . This patent is for the 
usage of MYT1 as substrate for PLK1, and anti-MYT1 antibodies for detection of 
phosphorylation and activity of PLK1, but has not yet been granted (Frank et al.  2008) . 
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3.2.5 TdT 

Terminal deoxynucleotidyl transferase (TdT) is a DNA polymerase that generates unique 
antigen receptors in immature T and B-cells by causing mutations (Motea &  Berdis 2010) . It 
may also cause mutations in genes that are linked to cell division and cell growth which 
results in leukemia (Vassiliou 2019) . 

3.2.5.1 Physiological function 

TdT, is a DNA polymerase that is present in pre-B and pre-T cells and is unique in the sense 
that it synthesizes DNA in the absence of a template strand by only using single-stranded 
DNA. It is known to be responsible for the addition of random nucleotides during antibody 
recombination. By generating unique antibodies and T-cell/B-cell antigen receptors, it plays a 
crucial role in the evolution and adaptation of the vertebrate immune system (Motea & Berdis 
2010) . TdT mutagenesis has not been identified as carcinogenic before, but its overexpression 
might be a risk for the development of acute myeloid leukemia in lymphoid cells (Borrow et 
al.  2019) . Since TdTs function is to generate new antigen receptors for immature T and 
B-cells it is mostly present in the bone marrow. Mature lymphoid cells are always TdT 
negative and consequently, there are not many B and T cells that are TdT positive in healthy 
lymph nodes (Koch & 2019) . 

3.2.5.2 Tdt as a biomarker for leukemia 

As mentioned, lymphoid cells are TdT negative in healthy patients. In acute lymphocytic 
leukemia (ALL) and acute myelocytic leukemia (AML) however, TdT is overexpressed 
(Motea & Berdis 2010) . According to Hooijkaas et al.  (1989), TdT positive cells found in 
other sites than thymus, bone marrow and peripheral blood is an indication of a lymphoid 
proliferative disease. TdT is, because of this reason, considered to be an effective biomarker 
for the diagnosis of leukemia when found in CSF (Gholami et al.  2017) . Motea & Berdis 
(2010) also stated that there is clinical evidence that increased TdT activity or overexpression 
of TdT plays a significant role in monitoring cancer therapy. 

Hooijkaas et al.  (1989) conducted a study that included a 5-year follow-up in 113 children 
with a TdT positive leukemia or non-Hodgkin’s lymphoma. TdT was detected in CSF with 
immunofluorescence. After the 5-year follow up, most of the children with TdT positive cells 
had leukemia or developed it later, even when results based on the analysis of the cell 
structure were negative.  Additionally, none of the TdT negative children developed 
leukemia. Hooijkaas et al. concluded that TdT is the most reliable tool for diagnosing CNS 
leukemia or evaluating the risk of developing overt CNS leukemia. 

3.2.5.3 The role of TdT in leukemia 

A study by Borrow et al.  (2019 ) has a possible explanation as to why TdT is overexpressed in 
lymphocytic leukemia and acute myeloid leukemia. They explored the possibility that TdT 
promotes leukemia and found that the enzyme contributes to mutations in the FLT3  gene, 
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so-called FLT3–internal tandem duplications (FLT3-ITDs) during antibody gene 
recombination. TdT adds nucleotides that cause replication slippage and duplications of the 
FLT3  gene. The FLT3  gene codes for Fms-like tyrosine kinase 3 which is responsible for 
signaling pathways that control processes such as growth, cell division and survival of cells, 
particularly of early blood cells. Therefore, the gene is expressed in hematopoietic stem cells. 
FLT3-ITDs  are one of the two most common mutations in AML, occuring in 25 % of AML 
patients and are associated with poor prognosis. However, the mutations also occur in ALL 
patients but at a lower frequency. (Borrow et al.  2019, Vassiliou 2019)  

3.2.5.4 Analytical methods 

There are many existing methods for detecting TdT in serum and tissue. Traditional methods 
use biochemical assays, immunological assays and gel electrophoresis. For CSF, 
immunofluorescence is mostly used to detect TdT. It is considered to be a more sensitive 
assay than a biochemical assay since it can detect a small number of TdT positive cells. 
(Bennett & Foon 2012 , Hooijkaas et al.  1989) 

Furthermore, Wang Y et al.  ( 2019a)  stated that the traditional methods are both time 
consuming and require radioactively or fluorescently labeled DNA or nucleotides. As 
opposed to these conventional methods, this study proposed a kinetic method that measures 
the TdT activity with fluorescence. This method has higher sensitivity and selectivity while 
being rapid, non-destructive to the sample, label-free as well as having simple operation  and 
easy readout. In addition, it is template-free which enables high selectivity for the 
discrimination of TdT from other polymerases. The method was applied to tissue but it was 
stated that it can be applied to human serum samples as well. 

This label-free technique proposed by Wang Y et al.  (2019a) utilizes a polyadenine-coralyne 
fluorescence enhancement strategy using ssDNA, TdT enzyme, dATP, Coralyne and 
potassium thiocyanate (KSCN). First, TdT formes a poly-A tail at the 3’-OH terminus of 
ssDNA with dATP. When Coralyne binds to poly-A tailed DNA it forms a fluorescent 
enhancement complex that is detected by using Hitachi F-7000 fluorescence 
spectrophotometer at 25 °C. KSCN reduces the background signal of unbound Coralyne 
molecules when it binds to them.  

No patent relevant for using TdT in liquid biopsy for monitoring cancer was found. 

3.2.6 Telomerase 

It has been shown that telomerase is overexpressed in a majority of all tumor cells, potentially 
making it a biomarker for most cancer types (Xu Y & Goldkorn 2016). One study shows that 
telomerase is expressed in 85% of the cancer cells, while normally absent or barely detectable 
in somatic cells. It has also been found that more advanced stages of the cancer correlates 
with higher activity levels of telomerase (Mekhail et al.  2003, Ivancich et al.  2017) .  
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3.2.6.1 Physiological function 

The telomeres are situated at the end of each chromosome and serve as protection from 
damage and fusion to other chromosomes (Jafri et al.  2016) . Telomeres in humans consist of 
repeated DNA-protein 5’-TTAGGG-3’ complexes. With each cell division, the telomeres are 
shortened and when reaching a certain length, a programmed death of the cell occurs. The 
enzyme telomerase is responsible for the upholding of the telomeres by elongating their ends 
(Zvereva et al.  2010) .  

Gavory et al.  (2002)  describes telomerase as a ribonucleoprotein complex consisting of 
proteins as well as RNA and has the ability to produce DNA with RNA as a template. Two 
important components of telomerase are TERT and TERC (a non-coding RNA that serves as 
a template). TERT is a protein with reverse transcriptase activity that can, with the help of 
TERC as a template, continuously synthesize sequences of telomeres. By first adding the 
5’-TTAGGG sequence to the 3’ end of a chromosome, the telomerase can bind to the first 
couple of nucleotides on the TERC template and thereafter add a new repeat and release, and 
lastly align the 3’ telomere end to the template again. This process is then repeated.  

Since telomerase allows cells to live longer, the activation of this enzyme in certain types of 
cells can lead to a longer lifespan than any somatic cells, resulting in “immortal cells”, 
according to a study by Xu Y & Goldkorn (2016). These types of cells tend to enable 
uncontrollable cell proliferation which can result in mutations and the formation of a tumor.  

3.2.6.2 Studies of telomerase and cancer 

As mentioned before, the results of several studies have shown that telomerase activity occurs 
in more than 85% of human cancer cells (Ivancich et al.  2017) . One study by Hong & Zu 
shows that the detection of telomerase activity was possible in 85% to 95% in tumor cells of 
lung cancer, ovarian cancer, leukemia, colon cancer, and lymphoma (Hong B & Zu 2013) . 
This is due to the fact that telomerase continually keeps the telomeres maintained in most of 
the cancers, while the enzyme activity usually is non-existent in normal somatic cells when 
no cancer is present (Leão et al.  2018) . 

3.2.6.3 Methods for analyzing telomerase 

A study by Mender & Shay (2015) states that one of the most commonly used methods for 
the determination of telomerase activity is the Telomere Repeat Amplification Protocol 
(TRAP) assay. This method can be divided into three different steps; extension, amplification 
and detection. In the extension step, telomerase adds telomeric repeats to the substrate. 
During amplification, polymerase chain reaction (PCR) is used to amplify the products of the 
extension step with the help of specific primers. The final step is detection where 
electrophoresis is utilized to analyze the enzyme activity in the sample.  
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Even though the TRAP assay is a well-tested and highly sensitive method, there are a few 
problems such as quantification difficulties and the time-consuming procedure, along with 
the difficulties that PCR brings along (Burger 2002 , Kim & Wu 1997) . Therefore, the 
sections hereafter will be focused on PCR-free methods that can be used with liquid biopsy. 

3.2.6.3.1 Electrochemical methods 

Isothermal amplification is an alternative to PCR with better prerequisites. This amplification 
method is cost-effective, easy to manipulate and has a PCR-like sensitivity (Zhao et al. 2015). 
Electrochemiluminescence (ECL) is a technique for telomerase detection which has proven to 
be highly specific and reliable. In one study by Zhou et al. ECL isothermal amplification 
assays use magnetic beads covered in Streptavidin to capture the elongation product of the 
telomerase with a hybridized ECL nanoprobe (ECL-NP). The measured ECL intensity 
reflects the telomerase activity (Zhou X et al. 2009b). This type of assay has been modified in 
several ways. A patent application for a telomerase detection assay which included antibodies 
and magnetic beads was found (Collins & Anne 2006). 

A study by Zhang H-R et al.  (2014)  presented that an assay based on 
biofunctionalized-luminol gold nanoparticles (AuNPs) augmented the ECL signal and 
reduced the detection limit. In the study, this approach is referred to as a signal-on 
dual-potential ECL assay. The first step of the assay was to cover a carbon electrode with 
Cds nanocrystals and thereafter add a thiol-modified primer for telomerase on the Cds 
nanocrystals, enabling the extension of the primer. Hybridization of the extension with 
L-AuNPs-tagged DNA would then occur alongside the telomerase hybridizations to the 
complementary DNA. This would both increase the “original” ECL signal and create a new 
ECL signal, due to the other reagent H 2O 2. Thus, this signal-on dual-potential ECL assay  is 
able to produce two signals at two potentials, allowing the method to detect both telomerase 
activity and examine tumor cell apoptosis. To study cell apoptosis, a treatment with varying 
concentrations of Epigallocatechin-3-gallate (EGCG) followed by culturing on plates and 
dyeing was utilized. An additional advantage with this method is the promising results in the 
avoidance of both negative and false-positive results. A patent application for a 
nanoparticle-based telomerase assay for telomerase activity detection was found (Martin et 
al.  2018) .  

3.2.6.3.2 Colorimetric methods 

Colorimetric assays, meaning the measurement of a chemical compound with the help of 
staining and color, is a commonly used strategy for detecting telomerase (Zhang X et al. 
2017) . A few different variants of this type of assay has been created to detect the enzyme in 
the best possible way. The following section will present two different variants.  

In one study, Wang Y et al.  (2019b)  was able to visually detect the telomerase activity in 
human serum with the help of magnetic beads and enrichment, creating a highly sensitive 
method for the detection of the enzyme. Telomerase substrate (TS) was first added to the 
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surface of the beads, and then incubated with telomerase, adding numerous TTAGGG to the 
3’-end of the telomerase substrate. After the separation of the beads, the DNA folded with the 
help of K+ and hemin, into a G-quadruplex-hemin DNAzyme which catalyzed a reaction 
with TMB/H 2O 2. This induced a color change which could then be measured.  

A study by Xu X et al.  (2017)  presents another colorimetric assay based on hemine-graphene 
nanomaterial (H-GNs) that was used to detect telomerase from urine samples of patients with 
bladder cancer. The coagulation of H-NGs was controlled by adding the H-NGs to a solution 
with high salt concentration and TS. Telomerase was then added to the solution, allowing 
elongation to occur. The enhancement of the electrostatic repulsion made by the negatively 
charged DNA, un-coagulated the H-NGs, making the solution dark blue and detectable with a 
UV-spectrometer. This assay was able to detect telomerase activity in every participating 
cancer patient in this study, making it a promising method.  

No relevant patents for the colorimetric methods were found.  

3.2.6.3.3 Other methods 

Another method that has shown promising results in the field of telomerase detection is the 
exponential isothermal amplification of telomere repeat (EXPIATR) assay. This is an  in vitro 
method based on isothermal amplification of nucleic acids via a specially developed pathway 
to achieve fast detection of telomerase activity in a liquid sample. This assay has shown to 
have a lot of potential for clinical trials (Tian & Weizmann 2013) . A granted patent for a 
method detecting Htr and Htert telomerase-associated RNA with isothermal nucleic acid 
sequence based amplification was found (S & D 2003).  

A label-free fluorescent method developed for telomerase activity detection has also proven 
to be both sensitive and cost-effective. This assay is presented in a study by Wu et al.  (2018) 
and is based on RecA-GFP fusion proteins that form fluorescent bouquets in the presence of 
telomerase. No patent for this method was found.  

3.2.7 TRXR 

Thioredoxin reductase (TrxR) is an enzyme in the flavoprotein family of pyridine 
nucleotide-disulfide oxidoreductases that mainly catalyzes the NADPH-dependent reduction 
of thioredoxin (Trx) (Dong et al.  2016) . It is an intracellular redox sensor and antioxidant 
enzyme. TrxR has been observed in various types of cancer, which makes it a potential 
biomarker for cancer monitoring (Peng et al.  2019) . 

3.2.7.1 Physiological function  

The active site of TrxR is a conserved -Cys-Val-Asn-Val-Gly-Cys- redox catalytic site 
(Mustacich & Powis 2000) . TrxR is involved in multiple cellular processes such as cell 
proliferation, antioxidative defense, redox signaling, and apoptosis. The mammalian TrxR 

29 

https://www.zotero.org/google-docs/?Enhp1R
https://www.zotero.org/google-docs/?Enhp1R
https://www.zotero.org/google-docs/?Enhp1R
https://www.zotero.org/google-docs/?XV3lko
https://www.zotero.org/google-docs/?fzLwYf
https://www.zotero.org/google-docs/?FGf5HH
https://www.zotero.org/google-docs/?FGf5HH
https://www.zotero.org/google-docs/?FGf5HH
https://www.zotero.org/google-docs/?8zkivY
https://www.zotero.org/google-docs/?8zkivY
https://www.zotero.org/google-docs/?8zkivY
https://www.zotero.org/google-docs/?bsHhRX
https://www.zotero.org/google-docs/?bsHhRX
https://www.zotero.org/google-docs/?bsHhRX
https://www.zotero.org/google-docs/?kRnXML


 

can be found in different isoforms, TrxR1 in the cytoplasm, TrxR2 in the mitochondria and 
TrxR3 which is mainly expressed in the testes (Dong et al.  2016) . 

In an article by Mustacich & Powis (2000) TrxR is the only known enzyme that reduces Trx. 
Trx in turn is a redox protein that regulates and maintains the cellular redox homeostasis and 
other cellular signaling pathways. It is a small protein (10-12 kDa) in the ubiquitous 
redox-active peptide family which, similarly to TrxR,  has a conserved catalytic site. Trx has 
several major functions, for example to serve as an electron donor to enzymes such as 
ribonucleotide reductase and Trx peroxidase. It also alters gene expression by reducing key 
Cys residues in certain transcription factors. 

3.2.7.2 Studies of TrxR and cancer  

A study made by Peng et al.  (2019) with patients from Jiangsu Cancer Hospital (China) was 
done to analyze the efficiency of TrxR as a plasma biomarker for gastric cancer. The 
conclusion of this study was that the activity of TrxR in plasma could be a novel and efficient 
biomarker for monitoring gastric cancer. The plasma activity (plasma levels of TrxR (U/mL)) 
in patients with gastric cancer was higher than in healthy patients. Furthermore, a ROC curve 
analysis was performed to evaluate the effectiveness of using TrxR plasma activity as a 
biomarker for gastric cancer. From this ROC curve, the critical value for TrxR activity was 
set to 7.34 U/mL with a sensitivity of 85.0% and a specificity of 97.69%. For the clinical 
responsive patients, those who respond well to the therapy, the activity got lower and for the 
clinical unresponsive patients the activity increased.  

Besides gastric cancer, the TrxR activity was also found to be higher in patients with breast 
cancer compared to patients with breast hyperplasia (Dong et al.  2016) . Breast hyperplasia is 
a benign lesion that has a high risk of causing cancer in the future (Hartmann et al.  2015) . 
The study showed that overexpression of TrxR is closely related to the initiation of breast 
cancer. A total of 241 female patients were in the study and they were divided into three 
groups (age 35-44, 45-54 and 55+). Patients with breast cancer had a higher plasma TrxR1 
activity compared to patients with breast hyperplasia in all the age groups. Dong et al.  (2016) 
suggested that it is a great possibility that TrxR1 drives the progression of breast cancer by 
catalyzing Trx1 and that TrxR1 could be used as a possible biomarker for breast cancer 
(Dong et al.  2016) . 

Furthermore, TrxR could be a possible biomarker for NSCLC, both as a diagnostic biomarker 
and as a monitoring biomarker, since it could provide information about the metastatic status 
as well as distinguish between histological variations in the tumor (Ye et al.  2019). The result 
from the study by Ye et al. (2019)   showed that the plasma levels of TrxR activity was higher 
in patients with NSCLC than in patients with benign lung diseases and in healthy controls. Ye 
et al.  also used a ROC curve to identify the efficacy of measuring TrxR activity. From the 
ROC curve, the critical value of plasma TrxR activity for NSCLC was set to 10.18 U/mL 
with a sensitivity of 71.6% and a specificity of 91.9%.  
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A study by Li et al.  (2015 )  suggests TrxR as a biomarker for hepatocellular carcinoma, the 
most common type of primary liver cancer. The conclusion by Li et al. (2015) was that 
elevated serum levels of TrxR predict worse survival and recurrence in patients with 
hepatocellular carcinoma and therefore may be a useful prognostic biomarker. The result 
from this study showed that the serum level of TrxR was higher in hepatocellular carcinoma 
compared to controls. Furthermore, the study showed that the levels of TrxR tend to increase 
as the cancer progressed from a lower tumor stage to a higher and that higher levels of TrxR 
correlated to worse survival rate.  

3.2.7.3 Methods for analyzing TrxR 

For the collection of blood samples, an ethylenediaminetetraacetic acid (EDTA) or 
anticoagulant-free tube was used. The activity of TrxR was measured by letting a specific 
TrxR inhibitor remove the background noise in the plasma and determine the reduction of 
5,5´-dithiobis (2-nitrobenzoic) acid (DTNB). Essentially, this activity was measured by 
catalyzing DTNB with NADPH to 5-thio-2-nitrobenzoic acid (TNB2 - ). This reaction 
generates a strong yellow color with a maximum absorbance at 412nm (Peng et al.  2019) . 
The measurements were made by a commercial TrxR colorimetric assay kit that is designed 
to determine TrxR activity based on the DTNB reduction. There are a few colorimetric assay 
kits that are available for determining the activity of TrxR (Bio Vision, Milpitas, CA, USA, 
Clairvoyance Health Technology, China and Sigma, MA, USA) (Ye et al.  2019) . When Ye et 
al. (2019) or Peng et al. (2019) was using any or a combination of these kits the procedure 
was done by following the manufacturer’s instructions.  

A patent application for a direct assay for determining TrxR activity was also found, this 
patent application was made by J HR et al.  (2014). The application for this assay was made 
2015 and has yet to be granted. This assay provides a real-time measurement of TrxR activity 
by measuring the conversion of NADPH to NADP.  

3.3 Groups of enzymatic biomarkers 

The following are two groups of enzymes where multiple enzymes has been studied for the 
use as biomarkers for cancer. A summary of the the groups of biomarkers mentioned in this 
report are presented in Table 2.  

Table 2. Overview of groups of biomarkers and cancer types. 

Enzymatic 
biomarker 

Cancer type* Detected with liquid 
biopsy 

DUBs  Breast, colorectal and prostate cancer. Human gliomas. No 

KLKs Breast and prostate cancer  Yes 

*This table only includes the cancer types mentioned in this report  
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3.3.1 Deubiquitinating enzymes 

Deubiquitinating enzymes (DUBs) are a family of enzymes that cleave ubiquitin from 
cellular targets and depolymerize polyubiquitin chains. The expression of the DUBs is highly 
elevated in various cancer types, hence why it could be a biomarker for the monitoring of 
cancer in the future. Ubiquitin is a small conserved protein that is covalently bound to other 
proteins through post-translational modifications. This post-translational attachment of 
ubiquitin determines a proteins fate. One function of the attachment of ubiquitin is to target a 
protein for degradation by the 26S proteasome, which is a multisubunit protein complex. The 
ubiquitin-proteasome protein degradation pathway consists of a three-enzyme ubiquitinating 
complex that in turn consists of ubiquitin-activating enzymes (E1), ubiquitin-conjugating 
enzymes (E2) and ubiquitin ligases (E3) (Poondla et al.  2019) . This pathway is one of the 
major routes that are responsible for regulating protein degradation. When this regulated 
pathway gets disturbed, abnormal protein degradation occurs which may result in diseases 
such as cancer (Baek 2013) . 

3.3.1.1 Physiological function and grouping of DUBs 

In an article made by Park J et al.  (2019) it is stated that the function of deubiquitination is to 
reverse the ubiquitination of proteins that are undergoing proteasomal degradation. This will 
prevent these proteins from being degraded. DUBs physiological roles are to maintain 
ubiquitin homeostasis as well as to control the stability and quality of the ubiquitinated 
proteins. Furthermore, DUBs play a critical role in regulating numerous cellular events such 
as cell cycle, DNA damage repair, and cell death.  

There are approximately 100 DUBs that are encoded by the human genome Poondla et al. 
(2019)  states. These are divided and classified into two groups with a total of six 
superfamilies . The two groups are cysteine proteases and metalloproteases where cysteine 
proteases are a much larger group and contain five out of the six superfamilies . These include 
ubiquitin-specific proteases (USPs), ovarian tumor proteases (OTUs), Machado-Joseph 
disease proteases (MJDs), and the MINDY family. Metalloproteases are proteases where the 
catalytic pathway includes a metal. This group only includes the Jab1/Mov34/Mpr1 (JAMM) 
superfamily. (Poondla et al.  2019)  

Ubiquitination has shown to be one of the most versatile post-translational modifications in 
the human body. Beyond the functions mentioned above, DUBs also regulate tumor 
development and several reports have suggested that the expression of enzymes from the 
DUB superfamilies is highly elevated in various cancer types (Poondla et al.  2019) . 
Furthermore, it is suggested that DUBs can serve as oncogenes or tumor suppressor genes by 
controlling mitosis and lead to the development of several cancer types if the expression of 
the enzymes is misregulated (Park J et al.  2019) . 
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3.3.1.2 USP2 

Ubiquitin specific peptidase 2 (USP2) is part of the USP superfamily. It functions as a 
hydrolase that deubiquitinates polyubiquitinated target proteins such as fatty acids synthase, 
murine double minute 2 (MDM2), MDM4/MDMX, and cyclin D1 (Allende-Vega et al. 
2010) . It has been shown to be overexpressed and involved in different cancer types, but has 
still not been analyzed with methods using liquid biopsy.  

In a study from 2014 by the International Society of Oncology and BioMarkers, the aim was 
to observe the correlation between USP2 and breast cancer. The result showed that USP2 was 
overexpressed in almost 50% of breast cancer tissues compared to adjacent normal tissue. It 
suggested that USP2 expression was upregulated in metastatic lesions compared with primary 
breast tumors, which supports a positive correlation between higher USP2 expression and 
further metastasis. USP2 could be an independent biomarker for metastasis in patients with 
breast cancer. However, this study was performed with as few as ten patients, and to validate 
this result, more studies have to be made with a larger test group. Worth noting is that the 
results from this study were obtained through immunohistochemical techniques and not 
liquid biopsy (Qu et al.  2015) . 

USP2 has been shown to correlate with prostate cancer in a previous study. The study showed 
that USP2 was significantly correlated with advanced human prostate cancer and that USP2 
is oncogenic when the enzyme was overexpressed in prostate cancer cell lines. Priolo et al. 
(2006)  suggested that USP2 was involved in human tumorigenesis by participating in some 
of the crucial pathways in the cell which affects the apoptotic machinery. The result indicated 
that USP2 could be a possible target for human prostate cancer therapy. However, they did 
not use or confirm USP2 as a possible biomarker.  

None of these studies were performed with liquid biopsy but instead with 
immunohistochemistry techniques. Furthermore, no patent findings that could be important 
for Biovica to have information about were made for USP2. 

3.3.1.3 OTUB1 

OUT domain-containing ubiquitin aldehyde-binding protein 1 (OTUB1) protein is another 
DUB that belongs to the ovarian tumor protease family. The OTUB1 enzyme is widely 
expressed in the human body and can be found in the liver, brain, kidney, intestine, lung and 
other tissues. The enzyme has been found to be correlated with some cancer forms, and Xu L 
et al.  (2017) suggest that the enzyme could be a possible biomarker for cancer monitoring in 
the future.  

In a study made by Xu L et al.  (2017) at the Japanese Society of Neuropathology, OTUB1 
was confirmed as a novel biomarker for human gliomas. The result was obtained by 
analyzing the expression of OTUB1 in glioma tissues through Western blot and 
immunohistochemistry, which showed that OTUB1 was overexpressed. Apart from showing 
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an overexpression of the enzyme, they also showed a trend where increasing levels of the 
enzyme correlated with the pathological grade of the glioma. This makes the enzyme a 
suitable target for monitoring human glioma. 

Results from a study made by Xu L et al.  (2017) showed an elevated expression of OTUB1 in 
NSCLC. These results were obtained by observing the RAS activation. RAS are small 
GTPases that are essential regulators of many eukaryotic cellular processes and play a major 
role in the development of human cancer. Activation of the RAS oncogenic pathway is very 
common in different types of cancer. OTUB1 was identified as a negative regulator of RAS 
ubiquitination, which means that RAS proteins will not be ubiquitinated. This dysregulation 
of the ubiquitination represents an alternative mechanism of RAS activation during cancer 
development. These findings show that OTUB1 could play an important role in the formation 
and development of NSCLC.  

In a study by Zhou Y et al.  (2014)  it was shown that OTUB1 is overexpressed in colorectal 
cancer tissue. When comparing colorectal cancer tissue with normal tissue it was found that 
the expression of OTUB1 was higher in tumor tissue. Additionally, the expression of OTUB1 
was associated with tumor invasive depth, distant metastasis and lymph node status. These 
findings together suggest that OTUB1 could act as a possible biomarker for colorectal cancer.  

However, none of the studies mentioned used liquid biopsy but instead immunohistochemical 
techniques combined with other methods. As with USP2 and other DUBs, OTUB1 has not 
yet been used as a biomarker for any type of cancer. No patent findings that could be 
important for Biovica to have information about were made for OTUB1. 

3.3.2 Kallikreins 

Kallikreins (KLK) are secretory serine proteases, a group of enzymes found in human tissues. 
The activity of KLKs is either trypsin- or chemotrypsin-like protein cleavage, depending on 
the kind of kallikrein (Drucker et al.  2015, Paliouras et al.  2007) . Some KLKs activity has an 
effect on the extracellular matrix (ECM) through the degradation of tissue matrix (Paliouras 
et al.  2007)  while some have shown activity to build up tissues ( Drucker et al.  2015, 
Paliouras et al.  2007) . KLKs have also been shown to affect the activity of other types of 
enzymes and various functions, including regulating immune response, nerve development 
and blood pressure. (Paliouras et al.  2007, Karakosta et al.  2016) 

Abnormal expression levels of KLKs have been linked to a number of different types of 
cancer. Among others, prostate cancer and breast cancer are examples of cancers where 
KLKs have been found to be relevant for monitoring the course of the disease (Drucker et al. 
2015) . Different KLKs are expressed in different tissues, and the set of expressed KLKs may 
be partially specific for some tissues (Shaw & Diamandis 2007) . It has been found that the 
cells in the prostate expresses KLK2, KLK3, KLK4, KLK5, KLK11, and KLK15 in the form 
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of protein and / or mRNA. Furthermore, KLK3, KLK4, KLK5, KLK6, KLK8, KLK10, 
KLK13, KLK14 are found in the breasts (Figueroa et al.  2018) .  

KLKs have been studied for decades, primarily through IHC (Karakosta et al.  2016) . 
However, KLKs have been found in blood serum making the members of the KLK family 
potential biomarkers for cancer in the field of liquid biopsy. In a study conducted in 2016 by 
The American Society for Biochemistry and Molecular Biology, they investigated 
simultaneous quantification of all 15 KLKs in biological samples by enzyme-linked 
immunosorbent assays (ELISA) by multiplexing. Figueroa et al.  (2018)  states that the 
monitoring of cancer by means of different KLKs in blood serum is currently used in 
prostate, breast, testicular, lung and ovarian cancer (Figueroa et al.  2018) . 

Because of KLKs widespread expression in different tissues, we have chosen to put the focus 
on kallikreins in Prostate cancer and breast cancer. In respect to KLKs, both prostate and 
breast cancer have been in the spotlight in the research community and are therefore relevant 
to focus on when it comes to valuable biomarkers. The status regarding the significance of 
different KLKs for these cancers will be brought up and discussed.  

3.3.2.1 Technologies for quantifying KLKs 

Paliouras et al.  (2007) mention that since 2007, all of the enzymes in the kallikrein family 
have had an ELISA assay developed to detect them. Therefore several different studies have 
been made on kallikreins, providing a large amount of different assays to detect them. 
Kallikrein ELISA assays are detecting and measuring the enzymes expressed in different 
fluids, both in blood serum and seminal plasma. Because kallikreins are secreted enzymes, 
present in the blood, ELISA assays are promising in detecting this enzyme family.  Since 
2007 studies using ELISA assays have been focusing on different cancer types and different 
kallikreins. 

However, Paliouras et al.  (2007) express there is one other method worth presenting that has 
been useful in determining the expression of different kallikreins. Real-time PCR (RT-PCR) 
assays are used to decide the expression level in different parts of the body, tissue and blood 
among others. This method has been useful because of the different splice variants that occur 
for kallikreins. These splice variants have been shown to have prognostic value. RT-PCR has 
been a cornerstone in the research of the effect kallikreins have on cancer. Therefore it will be 
brought up throughout the report to give another perspective, however the focus will mainly 
be on ELISA. 

 3.3.2.2 Prostate cancer 

Prostate cancer (PCa) is a type of cancer that is common among North American men; in 
2007, PCa accounted for approximately 33% of all diagnosed cancers in this target group 
(Paliouras et al.  2007) . When diagnosing prostate cancer, prostate-specific antigen (PSA also 
known as KLK3) is most commonly used as biomarker (Russo et al.  2017) . Paliouras  et al. 
(2007) point out that PSA is the leading biomarker for prostate cancer screening. However, 
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many researchers believe that PSA as an independent biomarker for the detection of prostate 
cancer is not sufficiently specific and therefore needs to be combined with other biomarkers 
to produce safer results (Paliouras et al.  2007, Russo et al.  2017, Hong SK 2014). Hence, 
several different biomarkers have been used for the diagnosis/monitoring of prostate cancer 
(Russo et al.  2017) . 

3.3.2.3. KLK3 in prostate cancer 

Hong SK (2014) express that ever since the 1980s, KLK3 has been shown to be 
over-expressed in serum of men with metastatic prostate cancer. KLK3 is an enzyme that is 
secreted by prostatic epithelial cells and catalyze processes which degrade proteins that form 
gel in seminal sperm. The concentration of KLK3 in serum of men is usually 1.0 ng/mL and 
when diagnosing PCa the level of KLK3 has to be 4.0 ng/mL. In prostate cancer, there are 
abnormalities in the ECM of the prostate. Among others, basal cell layers and the epithelial 
polarity differ from healthy people. With this abnormal state, KLK3 levels are increased, 
however the influence KLK3 has on the state of the cells is not yet established. 

When screening for PCa, Hong SK (2014) has found KLK3 has not been very specific. The 
AUC has been between 0.68 and 0.86 when testing men for PCa. The detection and 
monitoring sensitivity of KLK3 varies depending on variables such as, age, if the cancer is 
metastatic and the progression of the cancer. When detecting PCa that has progressed to a 
grade 4 cancer, there was a higher accuracy for detection with an AUC of 0,75. Studies have 
established that 22% of men that have a normal digital rectal exam (DRE) and a KLK3 
concentration in their serum between 2.6-4.0 ng/mL have PCa. For men at the age of 85 
years, KLK3 has a higher predictive value.  

Further, Hong SK (2014) phrase that one of the consequences when misdiagnosing PCa with 
KLK3 is that a tissue biopsy is needed instead. Therefore, researchers have been working on 
increasing the accuracy of KLK3 for monitoring and diagnosing of PCa. PSAV is a method 
where samples are taken over time to get a value for the rate of KLK3 concentration change. 
Data from PSAV has been shown to provide diagnostic value, but the prognostic value during 
the first two years is not accurate enough to give information on patient survival. Also, during 
treatment it seems that PSAV is not sufficiently specific for following the progression of the 
prognosis of the patient. It has been shown that the poor specificity might depend on the short 
observational period and that PSA is harder to follow in the early stages of PCa. 

A method for statistically ascertain the disease state of prostate cancer in humans was 
developed by a group in Gothenburg. This model took into account DRE, age and a 
combined 4-kallikrein (4K) panel. The study showed that the liquid biopsy rates to ascertain 
whether people had prostate cancer would decrease by 573 from 1,000 people. However, the 
method missed 20% of people with early cancers and 8 % of people with late cancers. 
Another study in which the same experiment was performed using the same kit gave similar 
results. This method for diagnosing / monitoring prostate cancer proved to be more 
statistically accurate and provides better predictive accuracy than previously used methods. In 
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articles from 2014, they stated that the kit mentioned above has only been used in studies but 
was at the time commercialized under the name "OPKO 4Kscore Prostate Cancer Test" and 
could be used clinically. It is currently on the market and is used in various clinics. (Hong SK 
2014, BioReference Laboratories, Inc.) 

Giorgio Ivan Russo et al.  (2017) wrote in their article how sensitive and specific the 4K panel 
is. The 4K panel takes into account tPSA, fPSA, intact PSA, and human kallikrein-related 
peptidase 2 (KLK2), which has shown higher sensitivity and specificity than when only PSA 
is used.  

3.3.2.4 Breast cancer 

Figueroa et al.  (2018) have studied kallikreins for the potential of diagnosing/monitoring 
breast cancer. There have been studies that report a different expression pattern of KLKs in 
patients with breast cancer compared to healthy people. Different KLKs have the effect of 
either suppressing or promoting the growth of breast cancer, as well as having an effect on 
the growth of new vessels in breast tumors. The pathway in which KLKs is a part of is not yet 
fully established; and the insufficient information is an obstacle in knowing exactly when 
KLKs are expressed and secreted from cells in breast tumors. However, kallikreins have been 
seen as prominent potential biomarkers for breast cancer, even though further studies are 
needed. There is not yet a clinical use of KLKs in the monitoring of breast cancer. Below, 
different KLKs will be discussed, and current research regarding potential KLK biomarkers 
for breast cancer will be presented.  

3.3.2.4.1 KLK2 

During the latter half of 2018, it was reported that the role of KLK2 in breast cancer is still 
not extensively studied, but the findings around KLK2 appear to have an important role in 
prognosis and progression. KLK2 is found in serum making it possible to monitor KLK2 
levels in the blood (Figueroa et al.  2018) . KLK2 is an enzyme that cleaves KNG1_ (K438 - 
R457) from kininogen-1. The correlation between KLK2 and the breast cancer gene BRCA1 
has been studied and it was found that KLK2s activity was dependent on BRCA1 . It has been 
suggested that monitoring the status of breast cancer patients with mutations in BCRA1  with 
KLK2 is possible. However, more studies are needed to establish the role of KLK2 (Fan et al. 
2016) . 

Furthermore, KLK2 has a lower expression level in breast cancer samples than in healthy 
breast tissues. C.D. Figueroa et al. (2018) writes that although KLK2 does not currently have 
a prominent role for breast cancer, it is of interest to further investigate its significance as it is 
seen as a potential biomarker for different types of breast cancer.  

3.3.2.4.2 KLK3 (PSA) 

In a study by Figueroa et al.  (2018) KLK3 is found in the serum of both healthy women and 
of those with breast cancer; but the level of expression in serum for people with breast cancer 
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is lower. It is believed that KLK3 is produced only in the breast of women and the presence 
of KLK3 is found in healthy breast tissue, benign breast disease, breast cancer tissue, breast 
cancer cell lines, breast cyst fluid, breast aspirate fluid and serum. In addition, the expression 
levels of KLK3 in blood serum are higher before mastectomy than after for people with 
breast cancer. Different levels of expression have also been found for different stages of 
cancer. At advanced stages, the expression of KLK3 is less than at the early stages of breast 
cancer. The reason for the different expression levels is believed to be due to methylation of 
the promoter region in the gene encoding KLK3.  

Furthermore, Figueroa et al.  (2018) mention that higher or normal expression levels of KLK3 
in blood serum indicate a better prognosis of the disease state, as KLK3 is thought to inhibit 
blood vessel renewal (angiogenesis) which means that new blood vessels in the cancer have 
difficulties forming. It has been found that KLK3 can be used for breast cancer monitoring as 
an abnormal expression level has been found in the blood serum of people with breast cancer.  

3.3.2.4.3 KLK4 

Figueroa et al.  (2018)  express that KLK4 has been shown to have an up-regulated expression 
in tissue samples from triple-natal breast cancer (TNBC) than from healthy tissues. It has also 
been shown that expression levels of mRNA for KLK4 are increased eightfold in breast 
cancer, unlike normal breast tissue. This increase in expression of KLK4 is correlated to the 
stage of cancer. The expression of mRNA for KLK4 is mostly connected to breast cancer that 
has not progressed to the late stages. Because of the lower concentration at a more progressed 
breast cancer, researchers believe that KLK4 is regulated in the early progression of breast 
cancer. Figueroa et al.  (2018) 

Furthermore Figueroa et al.  (2018)  mention that KLK4 has great potential to become a 
biomarker for TNBC. This is relevant as TNBC differs from other breast cancer types in that 
this cancer lacks estrogen-, progesterone- and HER2 receptors. TNBC is the only type of 
cancer cells that KLK4 has been shown to be expressed in. 

3.3.2.4.4 KLK5 

In a study by Figueroa et al.  (2018) KLK5 has been shown to be an activator of KLK7. High 
expression of KLK5 has also been linked to high survival and disease recovery. It appears 
that there is a relationship between the disease progression of breast cancer and the 
expression levels of KLK5. RT-PCR has shown that higher expression of KLK5 is linked to a 
good prognosis of the patient. ELISA has been used for the concentration determination and 
measurement of KLK5, using a sandwich-type immunoassay with an antibody specific for 
KLK5. This ELISA used measured KLK5 in blood. It was found that KLK5 was close to 
non-detectable in people without cancer, but for people with breast cancer 49% had a high 
KLK5 concentration. Other body fluids, such as breast milk, etc., were studied and found to 
have a higher concentration of KLK5 than blood.  
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3.3.2.4.5 KLK7 

Talieri et al.  (2004) express that in healthy people the gene KLK7 is expressed, but the 
expression level is higher in people with breast cancer. The expression of KLK7 has been 
shown to be up-regulated by estrogen and glucocorticoids. However, the expression was 
significantly lower in early stages of cancer (stage I / II) and in patients with positive 
progesterone receptors. What could also be inferred was that breast cancer patients who had 
cancer cells negative for KLK7 had a better prognosis in terms of survival and recovery. This 
suggests that KLK7 could be used as a biomarker to investigate if the patient's condition is 
worsening.  

Holzscheiter et al.  (2006) did a study that examined the full-length expression level of KLK7 
using qPCR assay with primers for full-length mRNA for KLK7. The results showed that 
high expression levels correlate with a better prognosis than for breast cancer patients who 
had low expression levels of mRNA for KLK7. 

Previously, KLK7 has not been identified as a biomarker in the blood but has only been 
examined in tissue samples. Now, Ejaz et al. (2017) demonstrated that KLK7 can be detected 
in serum. In this study, they showed that the KLK7 protein was downregulated in breast 
cancer and that it could be a potential biomarker for breast cancer. However, they conclude 
that further studies would be needed to ensure the potential of KLK7. 

3.3.2.4.6 KLK8 

For KLK8, studies have been performed to investigate its occurrence in  breast tissue, breast 
milk and serum among other samples (Figueroa et al.  2018) . Kishi et al.  (2003 ) developed an 
immunoassay (ELISA) to determine the concentrations in these different types of samples, 
which was confirmed a few years later by Shaw and Diamandis (2007). What both research 
groups found was that KLK8 was expressed to a lesser extent in these three types of samples 
for people with breast cancer than for people without. It is stated by researchers that KLK8 
appears to be promising as a biomarker however more research is needed (Figueroa et al. 
2018) . 

3.3.2.4.7 KLK9 

Figueroa et al.  (2018) mention that KLK9 is an enzyme that has been found expressed in the 
breast and has an up-regulated expression in certain stages of breast cancer. The regulation is 
described as dependent on estrogen and progestins. The expression of mRNA for KLK9 has 
been studied in the breast by qPCR. What the study showed was that the expression of both 
the KLK9 protein and the mRNA was elevated in patients who had early breast cancer. 
Patients positive for KLK9 estrogen and progesterone receptors were associated with a better 
prognosis. Additional indicators for KLK9 to be a relevant biomarker for breast cancer are 
supported by the fact that KLK9 levels in serum decreased following tumor removal.  
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3.3.2.4.8 KLK11 

KLK11 is an enzyme that, like many other kallikreins, is a trypsin-like serine protease. It has 
also been found that it is relevant to follow the prognosis for some cancers, however, it has 
not according to Sano et al.  (2007) mapped out how KLK11 can be linked to the progression 
of different cancers. The study by Sano et al.  (2007) showed that estrogen receptor-positive 
breast cancer cells had a more up-regulated expression of KLK11 than in healthy subjects. 
The largest was the expression level of KLK11 in cancer tumors in a later progression state. 
Whether this high expression is correlated with a good or poor prognosis of the cancer state is 
yet to be determined and further research would be needed to provide a clearer picture of how 
KLK11 effects / are affected by breast cancer.  

3.3.2.4.9 KLK14 

It has been reported by Figueroa et al.  (2018) that a higher expression level of KLK14 have a 
correlation to advanced stages of breast cancer and malignant breast cancer. Indications show 
that with the help of expression levels of mRNA for KLK14, a better chance is provided for a 
good prognosis for patients with breast cancer. Furthermore, another study has explored the 
expression levels of the KLK14 protein in serum for people with breast cancer. They found 
that KLK14 was higher in 40% of all breast cancer patients and KLK14 was not detectable in 
people who were healthy. But in an early study Yousef  et al. (2001) have reported that at the 
mRNA level, it has been found that KLK14 is present in a smaller concentration for patients 
who have breast cancer than for healthy subjects. 

Furthermore Paliouras et al.  (2007) express that KLK14 is considered to be relevant for the 
prognosis of breast cancer. Increased expression of KLK14 is seen to be correlated with a 
poorer prognosis for various parts of cancer development such as disease progression, lower 
survival and higher tumor grade; this is based on a study that examined 178 samples from 
people with breast cancer. The study believes that KLK14 has relevance for future use for a 
prognostic biomarker for breast cancer.  

3.3.2.5 Patents 

A patent application titled “Assays For Determining Plasma Kallikrein System Biomarkers” 
have been filed for methods and assays for determining the activation level of the plasma 
kallikrein but has not yet been granted (J et al.  2014) . Another patent was also filed for 
kallikrein 5 constitutes a novel biomarker for diagnosis, treatment and monitoring of breast 
and ovarian cancer, called “Methods For Detecting Breast And Ovarian Cancer“. This patent 
has not yet been granted (George & P 2005) . 
 

40 

https://www.zotero.org/google-docs/?rXqDZa
https://www.zotero.org/google-docs/?rXqDZa
https://www.zotero.org/google-docs/?rXqDZa
https://www.zotero.org/google-docs/?Ck6gpl


 

4. Future perspectives 
Since there are a lot of biomarkers other than enzymes that still can be relevant for 
monitoring of cancer, some of them will be addressed in the following sections. Furthermore, 
a lot of the most recent studies found within this field utilizes CTCs, ctDNA or exosomes 
therefore these will be presented as future perspectives for this project.  

4.1 CTCs 

Circulating tumor cells (CTC) are cancer cells that are released from primary tumors into the 
bloodstream. From there they can be detected and analyzed to give a comprehensive picture 
of the nature of the cancer (Pantel & Speicher 2016) . Studies have shown that CTCs are 
indicative of poor prognosis and metastasis (Poudineh et al.  2018) . When analyzing 
individual CTCs, there are a number of possible methods including transcriptomics, 
proteomics and genomics, see figure 1 (De Rubis et al.  2019) . Exactly why CTCs are 
released into the bloodstream is not known (Pantel & Speicher 2016) .  

4.1.1 CTCs survival in the bloodstream 

Smith & Kang (2013) stated that when CTCs have been released into the bloodstream, they 
are exposed to a lot of stress such as mechanical stress, detachment-induced cell death, and 
cell-mediated cytotoxicity which occur in the circulatory system. Since the 
immunosuppressive agents surrounding intact tumors cannot protect CTCs once they leave 
the primary tumor, a number of survival mechanisms have been developed. For instance, 
there are some cytokines that are overproduced in tumors which can link CTCs to 
macrophages, protecting them during the circulation in the bloodstream. Furthermore, the 
coupling between CTCs and lymphocytes along with the aggregation of platelets around 
CTCs have been shown to protect the circulating cells from natural killer (NK) cells. The 
aggregation with platelets has been linked to the overexpression in the CTC of the receptor 
for different coagulation factors in platelets. 

Smith & Kang (2013 ) also state that CTCs that do not lyse in the circulatory system adhere to 
integrins on the endothelial cells on the inner surface of the blood vessels. The 
overexpression of cytokines within tumors has been found to assist in the adhesion of CTCs 
to the endothelium in target organs. The adhesion of CTCs is one mechanism of how 
metastasis spreads in the body.  

4.1.2 CTCs correlation with cancer and cancer monitoring 

As mentioned earlier, high CTC levels are indicative of poor prognosis and metastatic disease 
(Poudineh et al.  2018) . In patients with metastatic breast cancer who have high CTC counts 
before one cycle of chemotherapy and low counts after chemotherapy,  have a better 
prognosis than people with unchanged CTC counts (Cabel et al.  2017) . Furthermore, many 
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reports have found that the efficacy of cancer therapy can be predicted by monitoring CTCs 
(Cabel et al.  2017, Poudineh et al.  2018)  and this information can be used to determine 
treatment for patients. However, this applies to metastatic cancers. In non-metastatic cancers, 
the amount of CTCs in the bloodstream might be too low to be used for monitoring. This is 
due to the fact that non-metastatic cancers release fewer CTCs (Cabel et al.  2017) .  

During the last decade, according to Pantel & Speicher (2016) , the understanding of CTCs 
has increased drastically, much because of the development of next-generation sequencing 
technologies. Using next-generation sequencing, researchers have been able to map 
cancerous mutations and thereby annotate their functional significance.  

However, according to Pantel & Speicher (2016) , previous sequencing efforts are based on 
the genomes of primary tumors which only provides a quick glimpse of the genome of the 
tumor. This is a shortcoming since tumors evolve rapidly due to their increased proliferation 
rate and differences in response to therapy within the tumor. Because cancer treatments can 
stretch 10 years after the annotation of the initial tumor and due to the fact that most cancer 
patients do not die because of the primary tumor but from metastases, using the genome of 
the primary tumor is inadequate. Thanks to the continuous release of CTCs into the 
bloodstream and their short half-life, the CTC will better reflect the nature of the cancer 
genome.  

4.1.3 Detection and analysis of CTCs from blood sample 

Recently it has been shown that CTCs can be released by tumors in relatively early stages 
(Poudineh et al.  2018) . However, CTCs are rare. 1 CTC per mL of blood released by primary 
tumors or metastases can be detected in peripheral blood (Pantel & Speicher 2016, Cabel et 
al.  2017)  and once in the bloodstream, CTCs have an approximate half-life of 1-2 hours 
(Alix-Panabières & Pantel 2016) . Because of the low concentration, it is important that a 
detection process can isolate and detect all CTCs in a sample, in order to investigate 
heterogeneity between individual CTCs (Pantel & Speicher 2016) . To compensate for the low 
amount of CTCs, one must first enrich them which leads to an increase in concentration. 
Afterward, CTCs are detected based on CTC markers. Detection of CTCs can be done with 
either immunologic, molecular, or functional assays (Alix-Panabières & Pantel 2016) . 

4.1.3.1 Enrichment phase 

As mentioned earlier, the enrichment phase increases the concentration of CTCs, enabling 
easier detection (Alix-Panabières & Pantel 2016) . The first step of the enrichment phase is to 
separate the CTCs from the leukocytes. They are separated based on differences in surface 
antigens (Cabel et al.  2017) . Once the CTCs have been separated, they can either be enriched 
positively or negatively on either physical characteristics (for example density), biological 
characteristics (expression of protein markers) (Alix-Panabières & Pantel 2013, 
Alix-Panabières & Pantel 2016, Cabel et al.  2017) , or a combination of both (Alix-Panabières 
& Pantel 2016, Zhang W et al.  2017) . Positive enrichment is when markers on CTCs are used 
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to distinguish CTCs from leukocytes in a sample, while negative enrichment is when markers 
on leukocytes are used to separate them from the CTCs. In carcinoma, the most common 
marker for positive immunoselection for CTCs is the antigen EpCAM (epithelial cell 
adhesion molecule). For negative immunoselection, the antigen CD56 (Also known as 
NCAM, Neural cell adhesion molecule) on leukocytes is commonly used (Cabel et al.  2017) .  

4.1.3.2 Detection phase 

The detection phase is for the actual analysis of CTCs. Poudineh et al.  (2018) presents many 
detection methods, too many for us to describe in this report. We will limit ourselves to 
detection based on biological characteristics. Poudineh et al.  (2018) state that enzymatic 
assays can be used for the detection of CTCs. EPISOT is an example of an enzymatic 
antibody-based assay. It uses the secretion, shedding, or active release of certain proteins 
produced by the CTCs to distinguish between viable CTCs and apoptotic CTCs. Another 
relevant method to detect CTCs is with single-cell western blotting techniques or other 
single-cell techniques. With this, one may distinguish heterogeneity between the different 
CTCs.  

Bead-based methods have also been used to find CTCs at single-cell level. The expression of 
six different genes in the CTCs can be analyzed simultaneously with bead-based methods, 
which provided valuable information about the CTC, as well as saving time and resources 
(Markou et al.  2011). A bead-based method was later developed for 14 genes in CTCs and 
was shown to be highly specific as well as cost- and time-saving. The hopes are that these 
types of assays could be further expanded to an even higher amount of different genes that 
could serve as biomarkers for the monitoring of cancer therapy response (Parisi et al.  2019).  

4.2 ctDNA 

Corcoran & Chabner (2018 ) state that cell free DNA (cfDNA) are short DNA fragments that 
are found in the bloodstream but also in other bodily fluids such as saliva, cerebrospinal 
fluids, and urine. They are thought to be released into the bloodstream whenever any cells 
undergo apoptosis or necrosis and the overall levels in the blood are increased among cancer 
patients. The cfDNA that is released from tumor cells is referred to as circulating tumor DNA 
(ctDNA). ctDNA can be monitored using mutations in cancer-related genes as markers.  

4.2.1 ctDNA levels correlate to response to cancer treatment 

When the levels of ctDNA among cancer patients were measured, the levels of ctDNA varied 
substantially between individuals. However, when investigating individual cases, correlations 
were found between the level of ctDNA and tumor burden as well as the response to 
treatment. Since ctDNA has a shorter half-life compared to other circulating biomarkers, 
approximately 1 hour, it is possible to measure treatment response faster than when other 
biomarkers are used (Corcoran & Chabner 2018) . For example, when using Thymidine 
kinase 1 (TK1), conclusions about the treatment efficiency can only be drawn about 3-6 
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months after the treatment (Larsson et al.  2020) . In contrast, when ctDNA was used as a 
biomarker, the initial response was a temporary increase in the ctDNA level in the blood due 
to increased cell death, however after about 2 weeks the ctDNA levels had dropped in 
patients who responded well to the therapy (Corcoran & Chabner 2018) . 

4.2.2 ctDNA can compete with protein biomarkers 

A comparative study by Jia et al.  (2019)  was performed measuring ctDNA- along with 
carcinoembryonic antigen (CEA)- and carbohydrate antigen 19-9 (CA19-9) for monitoring 
metastatic colorectal cancers (mCRC). In that study it was found that monitoring of disease 
development and treatment responses could be done more efficiently using ctDNA compared 
to the more traditional protein biomarkers. Measurements of ctDNA levels and levels of the 
protein markers was performed after the first, second, and third treatment cycles of 
chemotherapy. When comparing the results between a group with a progressive disease and a 
group with a non-progressive disease, the ctDNA levels increased and decreased respectively. 
Furthermore, a distinct difference in ctDNA levels could be observed between each of the 
treatment cycles and the measurements corresponded to radiologic responses with an AUC 
value of between 0.954 and 0.992. When analyzing the measurements of the protein 
biomarkers, a significant difference could not be observed until after the third cycle of 
treatment. This implies that using ctDNA offers a more efficient way of monitoring treatment 
response compared to some traditional protein markers.  

4.2.3 Retrieving genetic information about cancer from ctDNA sequencing 

Apart from measuring the amount of ctDNA in patients, it is possible to use ctDNA for 
detection of genetic changes which can be of importance for the choice of therapy. For 
example, a clinical test for mutations in the epidermal growth factor receptor (EGFR) based 
on ctDNA got FDA approved. Mutations in EGFR have been linked to decreased survival in 
patients with NSCLC. Therefore, in cases where it is not possible to perform a tissue biopsy 
to retrieve a sample for EGFR mutation analysis, the ctDNA detection method can be used as 
an alternative. Furthermore, using ctDNA for detecting the T790 mutation in EGFR has been 
proven to have some concordance with the prevalence of the mutation in a tissue sample 
(Bethune et al.  2010, Mader & Pantel 2017) . A similar concordance was found when 
monitoring mutations in RAS alleles in ctDNA and RAS activity in tumors (Jia et al.  2019) . 

4.3 Exosomes 

According to Li W et al.  (2017) , the importance of early cancer diagnosis and general risk 
awareness plays an essential role in the survival rate of cancer patients. Finding better 
methods and reliable markers for detecting cancer has hence been of importance. Exosomes 
have therefore over the past few years gained increasing interest. Because of their presence 
and stability in most body fluids in combination with their protein and nucleic acid content, 
they are promising biomarkers for cancer and other types of diseases.  
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Exosomes are a group of small extracellular vesicles (30-150 nm) and can be secreted by all 
cell types through exocytosis, see Figure 3. These membrane-bound nanovesicles contain 
parts of DNA, RNA (mRNA, microRNA for instance) and cytoplasmic or membrane proteins 
(i.e. biological markers) of the cell that secretes them (Doyle & Wang 2019) . Exosomes can 
be found in almost all body fluids including saliva, urine and blood. They are therefore ideal 
for non-invasive techniques such as liquid biopsy. This type of analysis allows for early 
detection of cancer and a better continuous monitoring with a less invasive technology 
compared to tissue biopsy (Li W et al.  2017) . 

4.3.1 Physiological function 

Exosomes function as extracellular messengers by circulating in body fluids to get imported 
to distant cells. The signaling of the exosomes has two different pathways, either by their 
carrying of functioning proteins and/or by RNA-molecule transfection from a single cell to 
the cytoplasm of another cell. Signaling can also occur by ligand-receptor interactions 
between molecules of the exosome membrane and of the target cell membrane (Ronquist et 
al.  2013) . To summarize, the primary task of exosomes is to function as information carriers 
by delivering and transporting several signaling molecules or effectors between certain cells 
(Doyle & Wang 2019) .  

4.3.2 Biomarker reservoirs 

Since exosomes contain constituents that are specific for every cell-type they originate from, 
they reflect the physiological status of that cell. If it is a tumor cell, they might carry valuable 
information about how the tumor is developed and its activity. Extracellular components such 
as nucleic acids or proteins usually degrade in body fluids but due to the phospholipid bilayer 
of exosomes which serves as a protection, these components stay well-preserved, see Figure 
3. In addition, the concentration of proteins is higher in exosomes than in blood where they 
are diluted. Some proteins are therefore easier to detect in exosomes (Li W et al.  2017) . 
Exosomes can thus be described as robust, stable, informative and reliable biomarkers for 
cancer (Kalishwaralal et al.  2019) .  
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Figure 3. Exosomes secreted from a cell, containing DNA, RNA, cytoplasmic and transmembrane proteins. 

4.3.3 Role in tumor cells 

Li W et al.  (2017)  stated that cancer cells secrete up to 10-fold more exosomes than normal 
cells. By carrying cancerous proteins and nucleic acids and interacting with the 
microenvironment, it has also been shown that exosomes can participate in the initiation, 
growth and progression stages of different cancers by for instance stimulating metastatic 
formation. They are also involved in the resistance to therapy. Exosomes can also participate 
in the development of several other diseases.  

4.3.4 Exosomes in studies 
The sections below describe examples of exosomal biomarkers from different studies with 
respect to detection- or enrichment method, application and tumor type.  

4.3.4.1 Biomarkers for multiple cancers 

Exosome biomarkers can either be protein markers or nucleic acid markers. Protein markers 
found in exosomes such as vimentin (pancreatic cancer) (An et al.  2017)   and CD147 
(colorectal cancer) (Tian et al.  2018)  can both be enriched with ultracentrifugation and has 
been studied for diagnostic and treatment purposes respectively detection and diagnosis 
purposes. These markers have been found in plasma and blood. For the detection and 
recurrence of glioma, the protein marker IL13QD found in cerebrospinal fluid has been 
studied with the help of ultracentrifugation as an enrichment method (Madhankumar et al. 
2017) .  
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The nucleic acid marker miR-21 for the diagnosis of ovarian cancer can be found in a 
patient's blood sample. The enrichment method used for this biomarker is exosome isolation 
reagent (Cappellesso et al.  2014) . The marker miR-718 for hepatocellular carcinoma found in 
serum can be applied for numerous purposes; detection, prognosis and recurrence. 
Ultracentrifugation is in this case utilized for enrichment (Sugimachi et al.  2015) . 

4.3.4.2 Biomarkers for breast cancer 

Examples of clinically relevant exosomal protein biomarkers are fibronectin with can be 
detected from plasma with ELISA. This marker is applicable for diagnostic purposes for early 
stage breast cancer patients. This biomarker has shown to have a specificity of 72.0% and a 
sensitivity of 67.7% (Moon et al.  2016) . CD47 is another exosomal protein marker for breast 
cancer found in blood and is detected with flow cytometry. This marker can also be used for 
diagnostic purposes and the P-value for this biomarker is 0.004 (Kibria et al.  2016) . 

There are quite a few clinically relevant exosomal nucleic acid biomarkers for breast cancer. 
miR-1246 and  miR-21  are markers for detection purposes can be found in plasma and 
detected with RT-qPCR. The AUC values were determined to 0,69 for both markers 
(Hannafon et al.  2016) . The nucleic biomarker LncRNA RP11-445H22.4 is also found in 
serum and detected with qRT-PCR. This marker is however utilized for prognosis instead of 
detection purposes. The specificity was determined to 74% and the sensitivity to 92% (Xu N 
et al.  2015) .  

4.3.5 Methods for detecting exosomes 

There are several ways to detect exosomes. In order to derive useful clinical information from 
exosomes, they first need to be isolated from body fluids. The most common methods for 
isolation and detection are presented in a study by Kalishwaralal et al.  (2019) , including the 
newly developed techniques.  

4.3.5.1 Isolation methods 

Three common isolation methods that Kalishwaralal et al.  (2019) have listed are 
ultracentrifugation, density gradient centrifugation, filtration and immunoaffinity 
capture-based methods. 

Ultra Centrifugation involves centrifugation at a relatively low speed to separate sediment 
and other cellular debris, followed by centrifugation with relatively high speed to separate the 
exosomes from the supernatant. The downside of this method is that the purity of the isolate 
is usually poor after the process. Many proteins from the blood that are present in the isolate 
may interfere with the analysis of the isolate. Despite that, it is still a widely used method in 
most clinical laboratories since it can be applied to large sample volumes and it is easy to 
perform. 
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The density gradient minimizes non-relevant protein contamination by using sucrose gradient 
centrifugation. Firstly the precipitates are centrifuged on top of a gradient of 5-30% sucrose 
which is followed by a second centrifugation. The last step involves dilution of each 
produced fraction which is centrifuged a third time. As a result, the purity of the isolate is 
much higher, but it requires long preparation time and it can not be applied on large sample 
volumes. 

Filtration is a simple and fast method which involves centrifugation of body fluid. The 
supernatant that is obtained is then deposited on a nanomembrane filter which is then 
centrifuged again. This protocol requires a total isolation time of less than 1 hour which is 
more rapid than ultracentrifugation and density gradient. However, the rapidity of this 
method leads to low purity of the isolate caused by contamination of large proteins and other 
extracellular vesicles.  

Immunoaffinity capture takes advantage of the specific immunoaffinity interactions between 
antibodies and antigens. This procedure uses antibodies incorporated in solid support (i.e 
magnetic beads) to react with proteins that are usually present in the membranes of exosomes 
or other exosomal proteins (i.e tumor markers) that are specific for a certain type of exosome. 
Those exosomes containing solid support are then separated from the fluid with a chosen 
support-selective method. High purity and high selectivity are obtained from this method. 
The limitation of this method is that the antibodies will target proteins that are specific for 
cell and cancer- types. In heterogeneous tumors it will be difficult to detect exosomes 
because the expression of specific tumor markers proteins varies between cell types.  

4.3.5.2 Detection methods 

The suggested detection methods by Kalishwaralal et al.  (2019) are s urface plasmon 
resonance, electrochemistry and colorimetry. 

In the case of surface plasmon resonance, specific exosomes will be captured on nanoholes 
through antigen-antibody interaction. Spectral shifts of resonance of light transmission will 
be proportional to target marker levels.  

The method that utilizes electrochemistry has many significant benefits. These are high 
sensitivity, portability, operational simplicity, and low-power consumption. In particular, this 
method  isolates and detects the exosomes in a single platform. Firstly, exosomes are captured 
on magnetic beads through antigen-antibody interactions. Secondly, they are detected through 
the presence of characteristic electrochemical signals that are amplified by the antibodies that 
are bound to the exosome. 

In terms of calorimetry, the method uses DNA aptamers specific to a certain exosomal 
surface protein called CD63, causing them to adsorb to the surface of the nanomaterial. The 
binding to the nanomaterial will release an intense colorimetric response due to the enhanced 
catalytic activity. In contrast, exosomes that express CD63 will significantly decrease the 
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colorimetric signal at those spots they bind to aptamers, causing them to detach from the 
nanomaterial and reduce the catalytic reactivity. This can be detected with the naked eye, but 
there are also developed colorimetric sensors available and simple to use.  

4.3.6 Future directions 

The more conventional methods for analyzing exosomes which often are both time 
consuming and expensive, are now being replaced by newer approaches (Li  G et al.  2020). 
These new detection methods will enhance the value of using exosomes accurate diagnosis 
and prediction of therapies. 

According to Kalishwaralal et al.  (2019) , there currently exists a high demand for techniques 
that diagnose specific cancers without the knowledge of which molecules that are 
overexpressed (i.e biomarkers). Evolution of Ligands by Exponential enrichment is a method 
that involves mixing exosome-coated plates with large random ssDNA libraries containing as 
many as 10^14 single-strand DNAs. Those ssDNA molecules that have affinity with a target 
molecule will bind to the exosomes and then the ssDNA will be eluted. This process will be 
iterated until a big amount of ssDNA that has the greatest affinity to the target molecule will 
be found. In other words, an aptamer is created. This method has been applied to find protein 
receptors that ssDNA encodes for that are specific to different markers in exosomes. 
Consequently, it has the potential to analyze exosomes that origin from different cancers in 
the body.  

In a recent study by Li G et al.  (2020) , microfluidic-based methods for exosome separation, 
isolation and detection in a single platform have shown great promise. There are many 
different kinds of microfluidic-based methods that are combined with the conventional 
methods for the detection and isolation of exosomes. But the general principle of the 
microfluidic technique is based on manipulating a small amount of fluid while using capillary 
action for mass transport through the chip. 

However, there are still a few obstacles that need to be cleared within this field. According to 
Ludwig et al.  (2019) , a major challenge is the deficient methods for isolation and 
characterization of exosomes As the deficient methods get replaced by newer and more 
effective methods, the value of exosomes for monitoring cancer therapy with liquid biopsy 
enhances. 
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5. Discussion 
The following discussion will include separate sections for each enzymatic biomarker 
followed by a discussion of the biomarkers included in the future perspectives. We also 
discuss liquid biopsy for future applications within the field of cancer monitoring.  
The final section includes a discussion about the limitations within this project and with a 
literature study. 

5.1 Hexokinase 

HKII does have some potential as a biomarker for the monitoring of cancer growth. Since the 
enzyme is strongly correlated to the metabolism of cancer cells it is unlikely that it is going to 
stop being expressed during the progression of the disease. This is a beneficial feature of a 
biomarker since the phenotype of the cancer is probable to change over the course of the 
treatment. Therefore, it is vital to monitor the cancer progression using a marker which 
expression is not dependent on temporary phenotypic features. Also, since it controls the 
rate-limiting step of glycolysis there should be a connection between the growth rate of 
cancer and the expression level of HKII. In the study made by Mathupala et al, it was found 
that the cell proliferation of NSCLC cell lines was inhibited when the HKII gene was 
silenced and thereby connecting the expression of HKII to the proliferation-rate of NSCLC 
cells. 

Since HKII has mostly been monitored using non-blood-based techniques, there is a need for 
further research in order to set up a system for monitoring of the enzyme in bodily fluids. 
However, as previously mentioned there is a kit available for monitoring HKII in serum. 
Although, this kit is intended for research use only and there is  no widespread use of bodily 
fluids for monitoring of HKII found in the literature.  Therefore, it is hard to draw 
conclusions about the credibility of using bodily fluids when monitoring HKII.  

There are a lot of techniques for the monitoring of HKII using for example 
immunohistochemistry. Since cancer cells are prone to undergo necrosis and releasing 
cellular content, the level of HKII in the bloodstream of cancer patients might increase. 
Furthermore, it has been found that the HK activity in blood increases in cancer patients. 
However, the HK activity could not be connected to HKII in that study. Also, there might be 
interference with the HKII activity in for example blood serum, due to inhibition of the 
enzyme. According to Jonas Bergquist it is likely that cancer cells will “leak” proteins 
making it feasible that HKII could be monitored in the blood of cancer patients. The 
prevalence of HK activity in blood and the statement from Jonas Bergquist indicates that 
HKII as a biomarker in blood is worth pursuing. 
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5.2 LDH 

LDH overexpression correlates with worse prognosis, more malignant tumors, an increased 
rate of metastasis and resistance to chemotherapy as well as radiation therapy. However, 
several studies which researched LDH and its correlation with cancer have measured the 
overexpression of LDH in tissues. LDH serum levels have not been as studied and thus it is 
unclear how related serum LDH is with cancer. The percentage of cancer patients with high 
LDH levels differs among studies (91%, 39%, 8%). One possible reason for why the levels 
differ so much could be whether or not patients had metastatic cancer. In the studies where 
the frequency of high LDH serum levels among patients were lower, non-metastatic cancers 
were researched. This is in contrast with the study where 50% of patients had metastatic 
cancer and 91% of the patient total had high LDH serum levels. Another possible explanation 
could be that patients had cancer in early stages, leading to there not being much LDH serum 
to measure, since many studies conclude that LDH levels are correlated with tumor burden. 
What seems to be a trend in each study is that LDH serum levels decrease after cancer 
therapy or surgery, regardless of what the pretreatment values were. This, along with the fact 
that the concentration of LDH increases for more aggressive cancers, could mean that LDH is 
suitable for monitoring cancer. For monitoring cancers in early stages, for example in 
response to treatment, it might be more valuable to use the patients baseline pretreatment 
LDH values instead of a predetermined standard “high LDH value” since there were a lot of 
variance between different patients and many of them did not exhibit high LDH values. 

LDH can be measured with many different methods and  therefore there is great possibility to 
create an ELISA kit that measures either LDH by itself or in combination with other 
enzymes. However, if LDH in will be used in a clinical setting in the future, it would be 
advisable to keep in mind that people with cardiovascular disease might exhibit higher levels 
of LDH. Because of this, it might be better to use LDH in combination with other biomarkers 
since the specificity and sensitivity of the assay would improve. 

5.3 NSE 

NSE has shown to be a specific serum marker for monitoring progression of neuroendocrine 
tumors, outperforming TK in NSCLC and LDH and many other markers in small cell lung 
cancer (SCLC). In terms of diagnosis, NSE has shown its value in distinguishing between 
SCLC and NSCLC since the NSE levels in the blood are much higher in SCLC.  

However, NSE is not a perfect biomarker and has its limitations. Concentrations of NSE have 
not shown to correlate with stage of lung cancer. In addition, there are some disadvantages 
with the detection methods of NSE.  

As mentioned before, the heterodimer of NSE that can be expressed in other cell types may 
cause problems when detecting NSE with certain methods. The currently used antibodies in 
immunoassays are unable to discriminate between NSE homodimers and heterodimers which 
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is why NSE has been found in other cancer types. As a result, it is too uncertain to diagnose a 
patient relying exclusively on NSE levels. However, the main use of NSE that we are 
focusing on is monitoring cancer development when the diagnosis has already been 
confirmed. In that way, NSE is a good marker if it is known that a lung cancer patient does 
not suffer from any other disease that may regulate the NSE levels.  

For kinetic methods, the limitation remains since all three isoenzymes of enolase catalyze the 
same reaction. Few attempts have been made to measure NSE activity. Most detection 
methods measure NSE concentration using immunoassays. We found only one kinetic 
method, that is making use of the luciferin-luciferase system. It may be possible to measure 
the enzymatic activity by separating the enzymes in an anion exchanger. However, we expect 
this process to be time-consuming and expensive. 

For concentration measurements however, it was shown that NSE decreased significantly 
after the third treatment when lung cancer patients were treated with chemotherapy or 
surgery. The reason may be that the third cycle results in a positive outcome for most 
patients. In that way, NSE has been able to prove its therapeutic value monitoring and 
predicting the outcome of cancer treatment. 

When detecting NSE in the blood, hemolysis needs to be avoided as much as possible and 
hemolysis index should be taken into consideration, since it significantly increases the NSE 
levels. The method of collecting and analyzing the sample should not affect the results. 

To summarize, although NSE has shown to be a good marker for monitoring cancer therapy, 
factors as hemolysis regulating the NSE expression should be taken into consideration when 
analyzing the results. The detection methods have some disadvantages and need to be 
developed further. 

5.4 PLK1 

PLK1 plays a vital role in mitosis and regulation of cell division, meaning it is also 
upregulated in tumors that have uncontrolled cell division. Since it has been known for over 
25 years that PLK1 is upregulated and detectable in cancer, this enzyme seems like an 
interesting potential biomarker. However, it has been shown that the expression of PLK1 
diminish when the proliferation rate of cancer slows down. This means that when a tumor has 
grown large enough and the growth rate has slowed down, the levels of PLK1 may be much 
lower and it might be harder to use it to detect cancer. Nevertheless, it still could be suiting 
for the monitoring of therapies against aggressive tumors with high growth and proliferation 
rates since the expression of PLK1 will diminish if the tumor stops growing and the treatment 
works. There is also a gap to fill on the market for methods of analyzing PLK1, since no kit 
has been approved for clinical use yet. There is also a demand for finding new, innovative 
and specific ways of detecting it, for example activity based and bead-based methods.  
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5.5 TdT 

TdT gained much attention during the 1980s since it is a unique DNA polymerase and the 
studies have continued until recent years. Recent studies have shown that TdT is a promising 
biomarker for leukemia. 

TdT occurs in immature B and T-cells which can be found naturally in bone marrow, thymus 
and peripheral blood. In the case of leukemia  (ALL and AML) however, TdT is 
overexpressed. Several studies stated that TdT positive cells do not belong to the normal 
cerebrospinal fluid (CSF) cell-population and is in many cases a consequence of leukemia. 
Consequently, most studies that have applied liquid biopsy have collected cerebrospinal fluid 
from patients.  

The TdT detection methods lack diversity. For CSF, immunofluorescence has mainly been 
used. After reading through many papers, only one promising kinetic method was found, 
which uses fluorescence. This method is new and enables detection that is more rapid, 
non-destructive to the sample, label-free, simple procedure and easy readout. It has been 
applied to tissues but it can be utilized on serum as well according to the study that developed 
this technique. 

One study stated that there is clinical evidence that TdT can be used for cancer monitoring, 
referring to three other studies, but these studies were not available to read. Except from that, 
little has been said about using TdT for monitoring cancer therapy, although it has proved its 
value as a biomarker for diagnosis through the years.  

5.6 Telomerase 

Telomerase has been studied since the 1980s for its activity and function in the human body. 
This enzyme has a unique ability to elongate the telomeric ends and thereby allowing certain 
cells to live longer and tumors to form. 

Previous studies have shown the potential of this enzyme as a biomarker for cancer, but only 
over the past few years the possibility to utilize this biomarker in combination with liquid 
biopsy for monitoring and detection has been studied more thoroughly. Now that new 
methods are being developed, the detection of telomerase with liquid biopsy is much more 
time-efficient, cost-effective and often more sensitive compared to the previously most 
commonly used methods. 

As mentioned above, the majority of the assays found in combination with liquid biopsy has 
so far mostly been used for the detection of cancer, not for monitoring. However, a lot of 
these assays might have the potential to be used for monitoring purposes. For instance, a 
recently developed colorimetric method based on hemine-graphene nanomaterial was utilized 
for the detection of telomerase. This assay was able to detect the enzyme activity of every 
participant in the study with cancer. Since this method is simple, fast, label-free and has great 
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detection abilities, it is also an example of an assay that could have the potential to be further 
developed for cancer monitoring of patients with bladder cancer. In summary, the field of 
telomerase activity studies for cancer monitoring with liquid biopsy is still in an early 
research stage but has potential.  

5.7 TrxR 

TrxR is an intracellular redox enzyme that catalyzes the reduction reaction of Trx. Previous 
research has confirmed that this enzyme is overexpressed in various types of cancer, 
including gastric cancer, breast cancer, NSCLC and hepatocellular carcinoma. It has also 
been shown that the TrxR levels are associated with tumor progression. The activity of TrxR 
decreased with patients that were clinically responsive and the activity of TrxR increased 
when the patient was clinically unresponsive. The studies that were found did unanimously 
conclude that TrxR had great potential of being a monitoring biomarker. In a study by  Li et 
al. TrxR was predicted to be a good prognostic biomarker. They also concluded that the 
activity of TrxR decreased when the tumor stage decreased, which makes it a suitable 
monitoring biomarker as well. TrxR activity can be detected by liquid biopsy through a blood 
sample. No assay kits for detecting TrxR have yet been approved for clinical use but one 
patent for a direct assay determining the TrxR activity was found. Taking these findings 
together, TrxR shows great potential for being an enzymatic biomarker for the monitoring of 
various cancer types. 

5.8 DUBs  

DUBs play an important role in many of the cellular processes and the controlled regulation 
of these enzymes is essential for the cell to function. Previous reviews and studies have 
concluded that several DUBs, such as USP2 and OTUB1, are overexpressed in numerous 
cancer types. However, no study where DUBs were monitored or detected with liquid biopsy 
could be found. In order for the enzyme to be appealing for future cancer therapy, an 
important criterion is that the enzyme has to be possible to detect through minimally invasive 
procedures, such as liquid biopsy. Furthermore, the research on DUBs in the light of cancer 
monitoring is in an early stage and more research with higher patient numbers and more 
detailed information about the enzymes are needed. 

5.9 Kallikrein 

It has been found that various kallikreins have significant potential for participating in breast 
cancer monitoring in the future. Several studies have confirmed an abnormal pattern of 
expression for several of the kallikreins in breast cancer. Although for many kallikreins there 
are insufficient research to use kallikreins for monitoring cancer at the moment, this group of 
enzymes has great potential as biomarkers for breast cancer. All enzymes have shown 
promising potential to be biomarkers for breast cancer. All of these kallikreins have been 
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found in serum and can therefore be used for liquid biopsy. But all these Kallikreins need 
further research in order to be used at present. 

KLK3 and KLK2 are already in the market for prostate cancer monitoring and KLK3 has 
long been studied intensively. Since KLK3 came to be used and accepted as a clinical 
biomarker for prostate cancer, efforts have been made to improve the accuracy of the 
biomarker, or in combination with other biomarkers to improve its potential for a more 
accurate prognosis. Some studies have come to be not too prominent for KLK3's predictive 
value, while some methods have been found to have significantly better predictive value, 
such as the 4K Kallikrein assay. Although KLK3 alone can not be totally accurate, 
approaches are being developed with the help of other biomarkers in combination with KLK3 
that appear to have promising value for monitoring prostate cancer. The KLK3 are and have 
continued promise for monitoring prostate cancer with liquid biopsy. 

5.10 CTC 

CTCs have potential as a biomarker for cancer monitoring by measuring the number of cells 
in the blood, since many studies have found a correlation between a high number of CTCs 
and cancer progression. Since CTCs are entire cells, they carry a lot of information about the 
nature of the tumor, not just whether the cancer is growing or not. This could provide a more 
comprehensive picture of the disease, making it easier for oncologists to make decisions 
about treatment. Due to the fact that high CTC counts are only prevalent in the blood of 
patients with metastatic cancer, the potential use of CTCs are limited. Furthermore, the 
concentration of these cells is low in patients with metastatic cancer making it necessary to 
enrich the CTCs, adding an extra step before detection and analysis. This is not needed with 
enzymatic biomarkers and could be an added expense.  

The abundance of literature on methods for analyzing CTCs offers an advantage in the 
development of a new assay compared to several enzymatic biomarkers discussed. CTC 
analysis is still more complex than the analysis of enzymes, on the other hand, CTCs are 
more reliable markers compared to most enzymes since no CTCs will be present in healthy 
patients.  

5.11 ctDNA 

As a future form of biomarker, ctDNA has great potential for monitoring the response of 
cancer treatment, since correlations have been found between the amount of ctDNA in blood 
and the growth of cancer. Furthermore, sequencing the DNA fragments can provide vital 
information about the progression of the disease and its response to treatment. ctDNA also 
has a short half-life, making changes in the concentration of ctDNA in response to tumor size 
occur quickly which can save valuable time when deciding how to proceed with the 
treatment. Due to the short half life of the ctDNA, changes in mutations will also be 
measurable shortly after treatment. 
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However, even though the potential of ctDNA is great there are some issues that arise when 
working with DNA. For example, as a result of its short half-life, the samples taken out has to 
be handled quickly to keep ctDNA from degrading so that the analysis can take place. This 
could probably make the sample collection more difficult and is a factor worth taking into 
consideration if one is to set up a ctDNA-based assay. Furthermore, as mentioned earlier, the 
levels of ctDNA vary between individuals. This means that the techniques for getting 
information about the severity of the disease mentioned in this report will probably not work. 
Instead, they might be used to monitor an already mapped out disease and the response to 
treatment using samples from the same patient as reference. One great benefit of using 
ctDNA is that it can provide genetic information about the cancer. However, sequencing the 
DNA in order to find relevant mutations might be an issue for a large number of samples. 

5.12 Exosomes 

Exosomes have a great potential to be used for monitoring cancer therapy in the future. 
Exosomes that derive from tumor cells reflect the physiological status of the tumor, 
containing constituents such as DNA, RNA and proteins which can be detected with different 
liquid biopsy methods.  

There are many advantages of using exosomes as biomarkers in liquid biopsy. One of them is 
that they are good biomarker reservoirs. Their phospholipid bilayer prevents DNA, RNA and 
proteins from degrading, which they normally do in blood. In addition, the protein 
concentration in exosomes is much higher than in blood which enables easy and rapid 
detection. Several of the enzymes mentioned in this report are also present in exosomes, 
which opens up the possibility to detect the enzymes from isolated exosomes.  

Another advantage with exosomes is that they are easily accessible and can be found in the 
majority of body fluids including serum, plasma, urine, saliva and amniotic fluid for instance. 
The fact that cancer cells secrete a greater amount of exosomes compared to normal cells is 
another aspect that makes them easier to detect.  

There are many existing liquid biopsy methods than can be used for isolating and detecting 
exosomes. The newer approaches including SELEX and microfluidic chips have great 
potential in enhancing the value of exosomes. However, there still are a few challenges that 
needs to be addressed. As mentioned before, the methods for detection and isolation have 
their disadvantages. Another challenge is that there is still not enough knowledge about the 
molecules that could be targeted in exosomes and their role in different tumors. It becomes 
even more difficult when the tumor is heterogeneous.  

The recent techniques that have been presented in this report have a good potential for 
solving some of these problems. But for the research to be able to advance within this field, 
consistent and efficient methods need to be developed further.  
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5.13 Liquid Biopsy is the future of cancer monitoring 

One major goal for this project was to incorporate methods using liquid biopsy in the analysis 
of the chosen biomarkers. For example, TrxR and KLKs among others could be measured 
using liquid biopsy and be connected to cancer development in response to therapy. Even 
though liquid biopsy is prominent within the field of cancer diagnostics, most research 
available today has been conducted using other methods, such as IHC. For example, when 
studying PLK1, several studies using IHC was found but studies, where the enzyme is 
measured in blood, has only been conducted recently. Since most of the literature is based on 
other methods than liquid biopsy, additional research is needed for several of the biomarkers 
in order to draw any conclusions about the detectability of biomarkers in bodily fluids. For 
some of the biomarkers where few or no studies using liquid biopsy have been found, a 
correlation between the expression of the biomarker in tissues and the concentration in blood 
can not be established. One example of this is in the studies of LDH where these 
concentrations were not related. Some of the biomarkers presented in this report have not 
been studied using liquid biopsy, for example HKII and DUBs. However, when studying 
cancer tissues these enzymes have been found to be overexpressed. Based on the fact that 
several cancer cells undergo necrosis and have a tendency to leak cellular components, it is 
reasonable to believe that these enzymes could be detectable also in bodily fluids. However, 
it is possible that the biomarkers is degraded or inhibited in blood and therefore not 
detectable. 

A trend found in a lot of reports is that most biomarkers are easier to detect in metastatic and 
aggressive cancers. Most studies’ results were more uncertain and inconclusive when these 
biomarkers were measured in patients with non-metastatic cancers. This suggests that many 
biomarkers may primarily be used for aggressive and later staged cancers. Biomarkers can be 
expressed during various stages in cancer, sometimes being overexpressed and sometimes not 
expressed at all. This means that some biomarkers may be used during early stages with rapid 
cell growth, and others when the tumor is big enough. For example, PLK1 is overexpressed 
during early tumorigenesis, serum LDH is overexpressed in later staged tumors and KLK3 is 
overexpressed during the whole tumorigenesis.  

One goal of this study was to evaluate the biomarkers and methods through a cost 
perspective. It was quite early established that this would be difficult since biomarkers alone 
do not have a cost. What does have a cost is the combination of biomarker and method. 
Liquid biopsy is a more cost and time-effective method than for example IHC, since it only 
needs a simple body fluid test for analyzing with quite basic tools. It has been difficult to find 
exact and comparable values of the cost for methods used within liquid biopsy. Since many 
of the methods found have been ELISA-based, a conclusion can be drawn that many of them 
also are reasonably equal in cost. However, a method found that seems promising to be both 
time and cost-effective is bead-based methods. The main advantage of this is that it becomes 
much easier to multiplex various biomarkers in the same assay. Combining many biomarkers 
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would improve the monitoring by making it way more specific since the expression of 
different biomarkers may be affected differently in response to therapy. This is something 
that could have potential in the future of cancer monitoring. However, a problem with this is 
that examining multiple biomarkers with ELISA assays would take many samples from the 
patient since many different assays would have to be used. This would result in high costs 
and more time for analyzing. This is where bead-based methods have a clear advantage. 
Since one sample could be used to analyze many biomarkers at the same time, it would save 
both money and time. Bead-based methods therefore seem to be promising in the field of 
multiplexing biomarkers both from a cost- and time-efficiency perspective. 

5.14 Limitations in this literature study 

As in all reports there was an issue with finding and selecting relevant literature for the thesis. 
Relevant research that encompasses all the delimitations has been difficult to find. The 
delimitations of this project were that the biomarkers have to be enzymatic and have the 
possibility to be detected through liquid biopsy and be used for monitoring cancer. 

Making the tradeoff between sources that provide relevant information and fulfilling all the 
aspects of the project has been challenging. In order to reach a conclusion regarding a 
particular biomarker, information from several sources is often needed. It is not uncommon 
for different studies to focus on the same biomarker, but using different methods, such as 
IHC and liquid biopsy. Interweaving information from these studies and drawing conclusions 
from multiple studies has been problematic as differences between them make a uniform 
statement difficult. Another issue when working with a project with so many limitations has 
been to find replicates which support the same conclusions for the same sort of cancer using 
the same methods. One relatively common issue was that sources were basing their 
conclusions on small patient groups making the results untrustworthy. In order for 
biomarkers to be applied in clinical settings further research with larger patient groups has to 
be conducted.  
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6. Conclusions 
Our conclusion regarding the enzymatic biomarkers examined in this study is that they have 
good potential for monitoring of cancer, where KLK2, KLK3 and TrxR are the ones that 
seem most promising. This conclusion was drawn based on that many studies reported 
uniform and promising results when using these enzymes with liquid biopsy. The rest of the 
enzymes have limitations in sensitivity and specificity when using them as serum biomarkers. 
Methods for analyzing them has to be improved in order to increase the AUC value. A very 
promising field to achieve this is multiplexing different biomarkers. Bead-based methods 
have great potential in the field of multiplexing.  

In terms of future aspects, we concluded that CTCs, ctDNA and exosomes are very promising 
biomarkers. Both CTCs and ctDNA are released by cancer cells only, which makes them 
more specific than enzymes. CTCs can be analyzed in many different ways and in turn offer a 
wide picture of the cancer in a way that no enzymatic biomarker can. ctDNA holds great 
potential as a future biomarker since it carries genetic information about the cancer. However, 
problems might arise as a result of weak correlations between ctDNA in different patients. 
Exosomes have a great potential to be used in liquid biopsy since they are good biomarker 
reservoirs and accessible in most body fluids. The isolation of exosomes can be combined 
with liquid biopsy methods for proteins, ctRNA and ctDNA for faster and easier detection. 
However, to put exosomes into practice for cancer therapy monitoring, the isolation and 
detection methods need to be developed further. To conclude, CTCs, ctDNA and exosomes 
carry valuable information about the cancer. Besides, the amount of CTCs, ctDNA and 
exosomes can be used as a biomarker for cancer as well, since the concentration of them 
increases as the cancer develops. 
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7. Ethical analysis 
When conducting research connected to human lives there are always important ethical 
considerations to be made. Some of the ethical issues that can be encountered when 
monitoring cancer with different methods and biomarkers will be addressed in this report.  

There is four medical ethics cornerstones, where one is “do no harm”, meaning that the 
patient will be receiving the best possible care with the least amount of pain, and another is 
the “principle of beneficence”, meaning that one should try to help the patient by meeting the 
patient's (medical and human) needs. These two ethical cornerstones also applies when taking 
samples for diagnosing or for the monitoring of a disease, such as cancer. When having to 
take both of these in to consideration a conflict could arise. In our case this conflict could be 
choosing the technique of which the biopsy is performed, tissue biopsy or liquid biopsy. 
Tissue biopsy is in most cases used for these purposes, as this method gives a distinct picture 
of the tissue of interest. This method makes it rather easy to set a diagnosis since the tissue is 
received directly from the tumor. However, tissue biopsy is a more invasive and painful 
procedure compared to liquid biopsy. Performing a tissue biopsy can also involve a higher 
risk to the patient, depending on where the tissue is located in the body. Hence why the use of 
liquid biopsy is preferred over tissue biopsy taking the patient into consideration. Likewise, 
new methods for cancer monitoring that uses liquid biopsy, but still are as precise as tissue 
biopsy, will be preferred for the future of patient care.  

When monitoring cancer using biomarkers, the concentration of biomarkers may vary even 
though the stage of the cancer is constant. This can be for the same patient or for different 
patients. Because the concentration differences indicate the stage of cancer or indicate the 
progression of cancer, it is important that the biomarkers have high specificity and sensitivity 
to give a correct picture of the condition of cancer. Consequences of poor specificity and 
sensitivity can lead to treatment being affected. Since the treatment of cancer has a major 
impact on a patient's general condition, it is important that this treatment be as effective as 
possible. When treating cancer, it can lead to serious complications, in the worst case death. 
Therefore, it is important to keep in mind that a biomarker with an associated method is good 
enough to be used in monitoring the condition of patients with cancer. Can we settle for a 
biomarker less than perfect when lives are on the line?  

Another important ethical aspect is that companies, such as Biovica, will profit from people 
with horrible diseases like cancer. Who decides how much a company can earn on a 
monitoring test for cancer? And how do we price a product that may save lives, should it not 
be available for everybody?There is always a risk that the best interest of the patient is 
considered less important than the economics of the company. There is a possibility that a 
product that will profit a patient but not the company will be put aside. How do we ensure 
that it is always the projects which are in the best interest of the patients, and not the 
companies, that are prioritized when resources are distributed?  
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As brought up in this report, there are several ethical dilemmas concerning the subject of 
cancer monitoring and it is important that these are considered when working with it. Since 
cancer is a big problem in society, it also receives a lot of funding and resources, and 
therefore also comes with great responsibility.  
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Appendix 

Appendix I - Divitum® 

Divitum is the lead product of Biovica (2020) and is an ELISA with 96 wells for monitoring 
cancer and predicting treatment response. The product measures the activity of the enzyme 
thymidine kinase 1 (TK1) in serum. TK1 is increased in proliferating cells, unlike normal, 
non-malignant cells where the enzyme is barely detectable. The TK activity is highly 
associated with the rate of cell proliferation and can therefore be used as an indicator for 
tumor aggressiveness. 

Divitum has according to Biovica (2020) synthetic DNA strands fixated on each well of the 
ELISA immunosorbent titer-plate. During the assay procedure, thymidine is replaced by 
bromodeoxyuridine (BrdU). BrdU is the synthetic analog of thymidine, meaning it is a 
similar synthetic compound that differs slightly in composition from thymidine. BrdU then 
gets phosphorylated and incorporated into the DNA strands on the well. The amount of BrdU 
that gets incorporated depends on the amount of TK present. The higher concentration of 
TK1, the more BrdU. Next, BrdU is detected with anti-BrdU specific antibodies. In the final 
step, the signal gets amplified by Divitum which in turn increases the sensitivity of the TK 
activity measurement.  
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Appendix II - Immunohistochemistry 

Immunohistochemistry (IHC) is a microscopy-based technique that is used to visualize 
cellular components, such as proteins, in tissue samples. IHC uses specific antibodies to 
detect a specific antigen in a tissue sample. One of the advantages of this technique is its 
ability to give a visual output of the location of a distinct target protein in the context of 
different cell types and biological states (Ramos-Vara 2017). The final aim of using IHC is to 
detect the maximum amount of antigen with the least amount possible of background 
staining. Background staining occurs either as a result of nonspecific antibody binding or a 
combination of hydrophobic and ionic interactions. This background staining makes it harder 
to locate the protein in the tissue. (Magaki et al.  2019) 

The four main steps of classical IHC is as follow: 

1.     Antigen Retrieval (AR).  

The first step of IHC is AR which is the process of preparing the tissue sample. This 
will free the epitope which increases the successful binding of the antigen. AR can be 
done by various methods, but in general they all have the same principle; breaking of 
the protein cross-links caused by fixation. The most popular method of AR is 
heat-induced antigen retrieval (HIAR) which uses heat through microwaves, pressure 
cookers or a water bath to break the protein cross-linkages. (Ramos-Vara 2017, 
Magaki et al.  2019) 

2.     Addition of primary antibody 

The primary antibody binds to the epitope. The primary antibodies can be monoclonal 
or polyclonal. Monoclonal antibodies target a single epitope while the polyclonal can 
bind to multiple epitopes on a single antigen. The polyclonal antibodies tend to be 
more sensitive while the monoclonal is more specific. In the direct methods the 
primary antibodies are labeled and therefore, with a direct method step 3 is not 
necessary. However, a direct method is not preferred over an indirect method due to 
lack of signal amplification which leads to the need of a higher concentration of 
antibodies. After letting the primary antibodies bind to the epitope(s) the unbound and 
surplus primary antibodies are washed away. (Ramos-Vara 2017, Magaki et al.  2019)  

3.     Application of a secondary antibody that binds to the primary antibody 

The third step of IHC is only done when using an indirect method and this step 
includes adding the secondary antibody and letting it bind to the primary antibody. In 
the indirect method the secondary antibody is labeled. The labels that are used, both in 
the direct and the indirect methods, can vary. The labels are the most common 
specific fluorescent molecules that produce a colored product when it interacts with a 
chromogenic substrate. The advantage of labeling the secondary antibody and then 
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letting it bind to the primary antibody is the following; the method both allows signal 
amplification and the secondary antibody can bind to a various number of primary 
antibodies. As with the primary antibodies, the unbound and surplus secondary 
antibodies are then washed away. (Ramos-Vara 2017, Magaki et al.  2019) 

4.     Addition of a detection reagent to localize the primary antibody.  

The final step of IHC is when a reagent is added which makes the primary antibody 
detectable. There are several detection kits available for commercial use. After the 
final step, the goal is to have a clear image of the location of the antigens in the tissue 
with as little background staining as possible. (Ramos-Vara 2017, Magaki et al.  2019) 

IHC and cancer 

IHC can be used to analyze tumor tissues for disease diagnosis by predicting if the tumor is 
benign or malignant, drug development, or biological research. IHC can also help distinguish 
hyperplasia from neoplasia and determine specific tumor types  (Duraiyan et al.  2012) . If the 
tissue origin of the tumor is unknown, a panel of different antibodies is used in the IHC 
assay. These antibodies are target specific and after a broad classification has been made, the 
origin of the tumor can be identified. When choosing the most appropriate strategy for 
radiation therapy or surgery of the tumor, it is important to be are certain where the tumor is 
located. After the cancer type has been determined, IHC can also help with monitoring the 
progression and behavior of the neoplasm (Painter et al.  2010) .  
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Appendix III - Statistical analysis through ROC/AUC 

Rosset (2004 ) states that when investigating the credibility of a model the Receiver Operating 
Curve (ROC) and area under the ROC curve (AUC) is often mentioned. Studying a binary 
model for prediction, one only has to rely on fixed threshold values for the classification of 
the output value as either positive or negative. However, when evaluating output from tests 
within diagnostics there is often a continuous scale for monitoring the output of the test with 
multiple thresholds. Using a ROC, all threshold values are included in the assessment of the 
test which results in a more comprehensive evaluation. The ROC is a curve that describes the 
relationship between the sensitivity and specificity of a model. Where sensitivity is defined as 
the true positive rate, how many positive predictions divided by a number of positive 
outcomes. Specificity is defined as the true negative rate. 

According to Mandrekar (2010) , performing analysis using a ROC eliminates the need for a 
defined threshold. When plotting the ROC specificity and sensitivity are on the x- and y-axis, 
respectively, and the (specificity, sensitivity) is plotted throughout all the threshold points. If 
that line ends up near the straight 45 ° line from point (0,0) to point (1,1) it means that the test 
works by pure luck. This analysis is most efficient before the function of the test has been 
established. When quantifying how well a test works it is more efficient to use the AUC 
value. 

AUC is a measurement put in place for estimating how well a model can discriminate 
between positive and negative observations (Rosset 2004) . AUC is used for quantification of 
the accuracy of a model or a test. A rule of thumb according to Mandrekar is that an AUC of 
0.5 implicates no discriminating properties, 0.7-0.8 is acceptable, 0.8-0.9 is excellent and 
0.9< is outstanding. From the AUC score, one gets information about the probability of 
correct discrimination of a positive from a negative. If the AUC is 0.8 there is an 80 % 
chance that there will be a correct distinguishing of a positive from a negative (Mandrekar 
2010) . 
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Appendix IV 
Table 3. Table over the enzymes found during this project. 

Biomarker Amount of 
studies 

Consistent results 
between/within studies 

Monitoring 
potential 

Present in 
bodily fluid 

Enzyme? 

LDH Many Somewhat Yes Yes Yes 

PDH Few No No Yes Yes 

KLK Many Somewhat Yes Yes Yes 

AXL Many Yes No Yes Yes* 

USP2 (DUB) Few Somewhat Maybe No Yes 

OTUB1 
(DUB) 

Few No Maybe No Yes 

UCHL1 
(DUB) 

Few No No Yes Yes 

TdT Few Yes Maybe Yes Yes 

EGFR Many - No No Yes** 

Telomerase Many Yes Yes Yes Yes 

NSE Many Somewhat Yes Yes Yes 

TRXR Many Yes Yes Yes Yes 

HK2 Many Yes Maybe Maybe Yes 

PLK Moderate Yes Yes Yes Yes 

 *The enzymatic part of Axl is not released into the bloodstream. 
**An enzyme-linked receptor. The activity cannot be measured with liquid biopsy. 
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