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Abstract

Xueli Zhang (2020): Biomarkers for Diagnosis, Therapy and Prognosis in Colorectal Cancer: a study from
databases, machine learning predictions to laboratory confirmations. Orebro Studies in Medicine 214.

Colorectal cancer (CRC) is one of the leading causes of cancer death worldwide. Early diagnosis and
better therapy response have been believed to be associated with better prognosis. CRC biomarkers
are considered as precise indicators for the early diagnosis and better therapy response. It is, there-
fore, of importance to find out, analyze and evaluate the CRC biomarkers to further provide the
more precis evidence for predicting novel potential biomarkers and eventually to improve early di-
agnosis, personalized therapy and prognosis for CRC.

In this study, we started with creating and establishing a CRC biomarker database. (CBD: http:/sys-
bio.suda.edu.cn/CBD/index.html) In the CBD database, there were 870 reported CRC biomarkers col-
lected from the published articles in PubMed. In this version of the CBD, CRC biomarker data was care-
fully collected, sorted, displayed, and analyzed. The major applications of the CBD are to provide 1) the
records of CRC biomarkers (DNA, RNA, protein and others) concerning diagnosis, treatment and prog-
nosis; 2) the basic and clinical research information concerning the CRC biomarkers; 3) the primary re-
sults for bioinformatics and biostatics analysis of the CRC biomarkers; 4) downloading/uploading the
biomedicine information for CRC biomarkers.

Based on our CBD and other public databases, we further analyzed the presented CRC bi-
omarkers (DNAs, RNAs, proteins) and predicted novel potential multiple biomarkers (the combina-
tion of single biomarkers) with biological networks and pathways analysis for diagnosis, therapy
response and prognosis in CRC. We found several hub biomarkers and key pathways for the diag-
nosis, treatment and prognosis in CRC. Receiver operating characteristic (ROC) test and survival
analysis by microarray data revealed that multiple biomarkers could be better biomarkers than the
single biomarkers for the diagnosis and prognosis of CRC.

There are 62 diagnosis biomarkers for colon cancer in our CBD. In the previous studies, we found
these present biomarkers were not enough to improve significantly the diagnosis of colon cancer. In order
to find out novel biomarkers for the colon cancer diagnosis, we have performed /machine learning (ML)
techniques such as support vector machine (SVM) and regression tree to predict candidate to discover
diagnostic biomarkers for colon cancer. Based on the protein-protein interaction (PPI) network topology
features of the identified biomarkers, we found 12 protein biomarkers which were considered as the can-
didate colon cancer diagnosis biomarkers. Among these protein biomarkers Chromogranin-A (CHGA)
was the most powerful biomarker, which showed good performance in bioinformatics test and Immuno-
histochemistry (IHC). We are now expanding this study to CRC.

Expression of CHGA protein in colon cancer was further verified with a novel logistic regression
based meta-analysis, and convinced as a valuable diagnostic biomarker as compared with the typical
diagnostic biomarkers, such as TP53, KRAS and MKI67.

microRNAs (miRNAs/miRs) have been considered as potential biomarkers. A novel miRNA-mRNA
interaction network-based model was used to predict miRNA biomarkers for CRC and found that
miRNA-186-5p, miRNA-10b-5p and miRNA-30e-5p might be the novel biomarkers for CRC diagnosis.
In conclusion, we have created a useful CBD database for CRC biomarkers and provided detailed
information for how to use the CBD in CRC biomarker investigations. Our studies have been focus-
ing on the biomarkers in diagnosis, therapy and prognosis. Based on our CBD and other powerful
cancer associated databases, ML has been used to analyze the characteristics of the CRC biomarkers
and predict novel potential CRC biomarkers. The predicted potential biomarkers were further con-
firmed at biomedical laboratory.

Keywords: biomarkers, diagnosis, therapy response, prognosis, database, machine learning, CRC
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Orebro University, SE-701 82 Orebro, Sweden, zhang.xueli@oru.se
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1 Introduction

Cancer is a “complex multigenic disease characterized by various types of
epigenetic and genetic variations” '3, which is one of the leading causes of
death worldwide *. Colorectal cancer (CRC) are the cancers derived from
the colon or rectum, which is the third leading cancer and second cause of
cancer death °. There are 1800977 new CRC cases and 861661 deaths of
CRC in 2018, which occupies approximately 10% of all new diagnosed
cancer patients and cancer caused deaths °. Taking advantage of the
development of modern medicine, the mortality of CRC has been decreasing
67, However, the incidence of CRC is increasing ®’. Colonoscope has been
considered as the golden test for CRC diagnosis . However, high-cost and
body-intrusive are the significant disadvantage of colonoscope. Therefore,
the development of diagnostic methods is still needed 7. Surgery is the first
choice in most cases of CRC treatment 7. However, the high pain/cost of
surgery is always concerned. The TNM stage system has been a typical way
to guide the prognosis of CRC. However, it is still a challenge to divide
CRC patients into the right stages accurately and quickly ©.

Precision medicine (personalized medicine) is a new-developed medicine
theory that uses the biomedicine information of a specific person to prevent,
predict (before and after), diagnose and treat diseases 5. The precision
medicine in cancer is more focusing on the tumor information for a specific
person, which can be used to make diagnosis, treatment and prognosis more
accurately . The development of precision medicine has drawn more
attention and requirement for the discovery and research of biomarkers.

Biomarker is the specific biological indicator in the human body that can
serve as a marker or indicator for diseases °. With the rapid development of
modern science theory and technology, more and more biomarkers have
been discovered and identified. The process of biomarker discovery and
verification has developed into a system procedure °. As the progress of
modern biomedicine and the advent of the era of big data, accurate pre-
prediction and computational simulation verification require the
participation and development of bioinformatics increasingly '°.

Bioinformatics is a hybrid research field that use multiple dry-lab
approach such as computer sciences, statistics and mathematics to solve
biomedicine problems !'. With the development of precision medicine and
other related subjects and technologies, bioinformatics is playing more and
more critical role in the process of biomarker research. A majority of the
bioinformatic researches have been focused on finding biosignature as

XUELI ZHANG Systems medicine study on CRC biomarker 13



biomarkers, by gene expression (GE) data, which are considered with high
heterogeneity among different studies. However, the biomarkers predicted
by these classic models could not get enough evidences to be common
biomarkers for most of patients.

Complex network theory has been an important component in
bioinformatics study '»'2. As the advent of the era of big data, huge amounts
of biological network data have been generated and collected on related
databases like String '* and miRnet . Many studies support that many
biomarkers have similar topology features on biological networks >, As
such, it is possible to predict new biomarkers based on the topology features
on networks.

Machine learning (ML) has been a popular method to predict
biomarkers in bioinformatics, which is getting higher accurate since the
development of computer science and the increasing amount of training
data. Therefore, the application of ML on complex network to predict
biomarkers is reasonable and worth waiting.

This thesis is focusing on 1) the background of CRC; 2) overview of the
biomarkers in CRC diagnosis, treatment and prognosis; 3) the
bioinformatics approach for CRC biomarker research; 4) the valuable
biomarkers in CRC; 5) the further directions of biomarkers in cancer
research.

1.1 Colorectal cancer

CRC can be divided into colon cancer and rectal cancer, based on the
location of occurrence. In 2018, 1096601 patients are diagnosed with colon
cancer and 704376 with rectal cancer in the world °. There are 551269 and
310394 died because of colon and rectal cancer, respectively °.

CRC is a globe disease. Asia has the largest number of CRC patients
among all the continents, which occupies half of CRC occurrence and death,
since it has around 60% population of the world 5. The next is Europe,
Americas, and Africa ’.

The common sign of CRC is the unexplained blood/ bleeding appearance
in the stool, continues change of bowl habit, stomach discomfort, unusual
loss of weight, unreasonable felling of tied, weakness and vomiting 1718,

There are plenty of risk factors for CRC, which can be divided as
hereditary factors, modifiable risk factors and other factors ¢. There are
around 20% cancer patients have been proven related with familiar genetic
factors . Some modifiable risk factors like smoking, red meat and body
have been wildly convinced as positive factors for CRC ¢; other factor like

14 XUELI ZHANG Systems medicine study on CRC biomarker



Risk

fish, whole grains and physical activity are known for their negative roles
in the process of CRC, which are good for health ¢. CRC risk factors can
also be divided into sociodemographic factors, medical factors, lifestyle
factors and diet factors. Figure 1 displays the risk level distribution for CRC
risk factors. (Data from Hermann et al.?)

[I"\f ammatory bowel disease ]
L_J

er pylori infection Obesity Other infections
L]

|E~-;ess ve alcohol consumptionT]

Category
Diet

2 Lifestyle

2  Medical

Sociodemographic

‘l Hormone replacement ther:

Aspirin

Factor

Figure 1. Distribution of risk factors for CRC. X-lab is the risk level for these factors,
and the positive value represents the positive risk factor, which is ranged as 1, 2 and
3, according to its risk level. The negative risk factor is shown as negative value as -
1, -2 and -3. The higher absolute value, the bigger risk level.

1.1.1 Colorectal cancer diagnosis

The outcome of CRC follows the specific rules: early-stage of CRC patients
always have a better prognosis than late-stage. The stage I CRC patients
have a 5-year survival rate for more than 90% 2°. However, if the CRC
patients are diagnosed at stage IV, the 5-year survival rate will turn to 10%
20, Unfortunately, more than 50% patients are already at late stage (stage
III and 1V) 2%, Therefore, the accurate early screening and diagnosis of high-
risk population and CRC early-stage patients are extremely important. The
high-risk population like persons with family history is recommended to
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make CRC screening regularly: colonoscopy every 10 years, computed
tomography (CT) colonography every § years, fecal immunochemical test
(FIT) 3 years, and flexible sigmoidoscopy every 5-10 years °.

The conventional diagnostic tests for CRC diagnosis are physical exam
and history, digital rectal exam, fecal occult blood test (FOBT), barium
enema, sigmoidoscopy, colonoscopy, and biopsy 2%, of which colonoscopy
and biopsy test have been considered as golden test. One of the important
advantage for colonoscope as golden test is that the diagnosis and treatment
can be conducted at the same time °.

However, some CRC patients do not show the typical performance in
these tests, which make it even more difficult to diagnose these patients
accurately. The common disadvantages of colonoscope are the procedural
risks such as perforation, bleeding and aspiration, and the high cost 3. The
precision medicine requires more accurate and personalized diagnosis for
specific patients 23,  Benefits from its advantage in detection, calculation
and stability, biomarker is considered as a suitable solution for the CRC
diagnosis in precision medicine 4.

1.1.2 Colorectal cancer treatment

Surgery, radiotherapy, chemotherapy, immunotherapy and targeted
therapies are the main treatment methods for CRC. According to the guide
of precision medicine, the treatment for CRC needs to be more precision to
decrease the pain and cost of patients.

Surgery
Surgery is the basis for CRC treatment. The total mesorectal excision is the
most important recent advance in rectal surgery, which significantly
decreases the rate of local recurrence °. Based on right timing and good skill,
surgery can reach good prognosis in rectal cancer, even without
radiotherapy 2¢. Fast-track surgery is an effective development for CRC
surgery, since many procedures in traditional surgery can be saved, by
which the cost and time for surgery, and the pain for patients both in body
and mentality could be reduced 7. For late-stage CRC patients, the
combination therapy of aggressive cytoreduction with hyper thermic
intraperitoneal could be a new choice 7?7,

Laparoscopic surgery is a safe choice for CRC patients. Long-term
results do not show significant difference with common methods, but short-
term outcomes are better .

16 XUELI ZHANG Systems medicine study on CRC biomarker



Radiotherapy

Radiotherapy has become a mature treatment strategy for rectal cancer
patients to reduce local recurrence and promote prognosis 7*%. For stage II
and stage III rectal cancer patients, radiotherapy has been a standard
treatment method 7, which has been convinced to decrease the morbidity °.

Preoperative radiotherapy has been suggested to use for rectal cancer
patients. In a 700 patients prospective randomized trial published on 1975,
five year survival rate for patients with preoperative radiotherapy is 48.5%,
significantly higher than the rate of 38.8% for controls, which convinced
that preoperative radiotherapy can improve the prognosis for rectal cancer
patients 3°, In the past years, more and more studies convinced this
conclusion. The advantages for preoperative radiotherapy are: 1. Better
effect in killing tumor cells, since they are much sensitivity for radiotherapy;
2. More precision in targeting tumor sessions; 3. Less treatment time and
cost 31,

However, the use of radiotherapy in colon cancer is still concerned, since
the colon is moveable, which make it hard for radiotherapy to find the right
target 3!. Further, the dose-limiting structures around the colon is another
question for radiotherapy in colon cancer 3!,

Chemotherapy

Fluorouracil-based adjuvant chemotherapy has been recommended as
standard treatment strategy for colon cancer patients in stage III but not
stage II 2832, Fluorouracil (5-FU) is a pyrimidine analog, which has been
used in cancer therapy for more than 40 years, especially in CRC and
prostate cancer 3. 5-FU belongs to the antimetabolite and has often been
used in clinical together with leucovorin 4. As a thymidylate synthase
inhibitor, 5-FU can block the synthesis of thymine (an essential material of
DNA replication) to inhibit the tumor cell division *. Since it can also act
on the normal rapidly dividing cells like gastrointestinal epithelial cells and
germ cells, 5-FU may cause some side effects like severe dehydration,
enteritis and renal impairment 3¢. Therefore, it is still a challenge to develop
precise target-guided therapy for 5-FU.

The effect of combination of chemotherapy and radiotherapy is still in
discussion. A study enrolled 1011 patients suggested that adding
chemotherapy to the rectal cancer patients with preoperative radiotherapy
cannot increase survival significantly 7.

XUELI ZHANG Systems medicine study on CRC biomarker 17



Immunotherapy

Immunotherapy (biotherapy) is to use human immune system to against
cancers, by the substances made by human or lab to guide or restore the
body immune ability 22, Nowadays, immunotherapy has been an important
treatment for CRC 8 which shows good performance especially in tumors
with high microsatellite instability **. A combination of immunotherapy
with nivolumab and ipilimumab has received the approval by the US food
and Drug Administration 28,

Targeted therapy
Targeted therapy is a drug therapy that prevents the growth of specific
molecular to prevent and weak the tumor development, instead of the
traditional chemotherapy that interferes with all the rapidly dividing cells *°.
Targeted therapy is more used in stage IV colon cancer patients.
Targeted therapy could improve the treatment effect in the patients that do
not show sensitivity in chemotherapy. The choice of targeted therapy in
clinical depends on whether the cancer is resectable *1.

1.1.3 Colorectal cancer prognosis

The prognosis of CRC has been improved steadily in the past years 2. The
S-year survival rate has been used as a typical method to measure the CRC
prognosis in clinical. The prognosis of CRC is highly related to the medicine
environment. In some developed countries like Canada and Australia, 5-
year survival rate have reached around 65% 2°. However, in most of
developing countries, it is still less than 50% **44.

Patient, therapy and tumor related factors are the three major prognosis
factors for CRC 7. The situation of body and mental of patient is high
related to the CRC prognosis. The quality of surgery is one of the most
crucial factors for CRC prognosis.

Diagnosis stage is the most important prognosis factor for CRC. The
TNM stage system, as the most widely used cancer stage system, has been
used in CRC for many years. In TNM stage system, “T” represents the
primary tumor, “N” is the regional lymph nodes, and “M” reflects the
distant metastasis. All these three effects are defined with different level in
clinical, and the final stage of CRC (I, II, III, and IV) are decided based on
the combined situation of them. The prognosis of CRC is highly related
with the stage of patients. The 5-year overall survival rate for stage I is
around 80-95%, for stage Il is 65%-75%, for stage Il is 35%-60%, and
for stage V is 0%-7% *¥.
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1.2 Biomarkers

Biomarkers are specific biological indicator in the human body that can
serve as a marker or indicator for diseases °, which have been widely used
to improve the diagnosis, therapy and prognosis in many human diseases.
According to their biological components, biomarkers are categorized into
three main groups: DNA, RNA and protein biomarkers. Proteins are the
main executor for biological functions, which have been studied most
among all kinds of biomarkers®*’. Recently, owning to their stable structure,
specific detectability and altered expression, some non-coding RNAs like
microRNAs (miRNAs) and long noncoding RNAs (IncRNAs) have become
new sources for biomarker discovery 3153,

According to their applications in clinical, biomarkers are divided into
three categories: diagnosis, treatment and prognosis biomarkers. Since the
development of disease is a continuous process, the relationships for
diagnosis, treatment and prognosis are close. Many studies demonstrate
that some biomarkers can be applied in several aspects in diagnosis,
treatment or prognosis >43¢.

1.2.1 Biomarkers in colorectal cancer
Until March 7th, 2020, there are 82577 papers in PubMed concerning CRC
biomarker researches, and the paper amounts have a significant increasing

tendency followed by year. Figure 2 shows the search result for biomarker
in CRC from PubMed.

XUELI ZHANG Systems medicine study on CRC biomarker 19
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Figure 2. The distribution of paper count by year on PubMed concerning CRC
biomarker research. Searching key words on PubMed: (((biomarker OR marker) OR
indicator) OR predictor) AND ((colorectal cancer OR rectal cancer) OR bowel
cancer).

There are 870 biomarkers for CRC (Figure 3). Protein, RNA and DNA
are the main contributions of CRC biomarkers in biological category, since
it has been proven that genetic mutation such as p53 and Ras mutation and
epigenetic alteration such as DNA methylation, are closely related to the
development of CRC ¥’. Recently, other biomarkers such as image, change of
chromosomes, and parameters of machine have been widely developed ¥’.
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Fecal DNA biomarkers combined with FIT has been a common method to
diagnose CRC, which is recommended by the US Multi-Society Task Force
on Colorectal Cancer 8. DNA-FIT shows better sensitivity, but lower
specificity compared with FIT alone 5. High cost is the most significant
shortage of DNA-FIT.

Cell-free DNA (cfDNA) is the fragment of degraded DNA that detected
in the blood plasma or sera, including circulating tumor DNA (ctDNA) and
cell-free fetal DNA (cffDNA) *°, ¢fDNA has been considered as “liquid
biopsy” in cancer study ®. Further, many researchers report that cfDNA can
be effective universal biomarker in other complex diseases sepsis, diabetes
and stroke.

Recently, mutations in DNA mismatch repair (MMR) genes have been
reported as novel biomarkers for CRC. DNA MMR is a system to detect
and repair the consecutive erroneous insertions, deletions, and erroneous
merges that may occur during DNA replication and recombination ¢!,
Microsatellite instability (MSI) is the genetic hypermutability related
condition caused by impaired MMR, which has been used as biomarkers
since its high correlation with cancer prognosis 2.
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RNA biomarkers

RNA is the second leading component of CRC biomarker. There are plenty
of RNAs have been reported as CRC biomarkers, and Figure 4 shows the
distribution of RNA biomarkers. There are 72 miRNAs have been reported
as biomarkers in the diagnosis, treatment and prognosis °.

60

RNA
CircRNA
407 I Lncrua
B virna
B vormal RNA
SnoRNA

Count

20

0 [ ]

CircRMA LncRMNA MIRMNA MNormal RMNA SnoRMNA
RNA

Figure 4. Distribution of RNA biomarkers.

MicroRNA-21 (miR-21) , encoded by IR21 gene, is one of the earliest
miRNAs that have been identified, which has been reported as
downregulated biomarker in many cancers ¢¢*. MiR-21 has been used in
the CRC biomarker research for many years, and there are several
publications reflect that miRNA-21 could be a promising biomarker in the
diagnosis, treatment and prognosis of CRC *%%. In 2017, Peng et al.
reported that circulating miR-21 was better at diagnosis, and tissue miR-21
could be a better prognosis biomarker in CRC . Further, the combination
of miR-21 with other miRNAs as multiple biomarkers could reach better
performance than single miRNA biomarkers .

Circular RNA (circRNA) is a new direction for RNA biomarker
discovery. Different from normal linear RNAs, circRNA presents a
continues loop since the lack of 3’ and 5” end ¢’. CircRNA has been reported
corrected with many complex diseases, such as cancer, diabetes and heart
diseases %72, Some studies suggest that circRNA is related to the growth of
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cancer cell, the occurrence of cancer metastasis, and the resistance for cancer
drug 7. Recently many studies report that circRNA could be optional
biomarker for CRC. The reason for circRNA to be CRC biomarker is that
1) circRNA has been detected in many human environments like blood,
gastric fluid and saliva; 2) the expression of circRNA has high specificity,
stability and universality 7*77. For the biological reason of circRNA as
biomarker, the relationship between circRNA and cancer still needs to be
further detected ¢’.

Protein biomarkers

Protein biomarker is the major component of CRC biomarker. Many
scientists believe that protein biomarker is the most accurate biomarker
since protein is the main executor for human life activities. There are 583
protein biomarkers are recorded in the CRC biomarker database (CBD),
including different kinds of proteins.

TP53

TP53 (protein name: p53) is a typical tumor suppressor gene, locates on the
short arm of chromosome 17 . TP 53 plays regulating rule in many
activities, such as cell growth, apoptosis, and genetic stability 7%, As the most
mutated gene in cancer, TP53 was first discovered mutated in CRC in 20
7. Around 50% CRC patients were found with significant TP53 mutation
80.81 Many studies have convinced that TP53 plays an essential role in the
development of tumor cell 834, Tt is clear that TP53 can detect the tumor
cell and guide them to apoptosis 35. The ability of TP53 would sometimes
lose when mutations happening, which will increase the possibility of cancer
occurrence 4%, There are 20 researches reported that TP53 could serve as
biomarker for CRC ¥. TP53 has been reported as biomarker in the
diagnosis, treatment and prognosis of CRC 335688,

KRAS

As a typical oncogene, around 60% CRC patients were detected with KRAS
mutation ¥. In the CBD database, there are some studies reported that
KRAS could be useful biomarker for CRC, of which supposed that KRAS
could be prognostic biomarker .

MKI167
MKI67 (ki-67) has been convinced as biomarker for cellular proliferation,
since it’s essential role in cell growth *°. Several studies have shown that
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MKI67 could be prognosis or treatment biomarker for CRC *°, since the
prognosis and therapy is highly related to the tumor cell situation °L.

CEA

Carcinoembryonic antigen (CEA) is one of the most being researched
biomarkers for CRC, which has been widely used in clinical, especially in
the detection of liver metastasis. The earliest research recorded in the CRC
biomarker database (CBD) is in 1987, Davey et al. reported that CEA could
be prognosis biomarker in the radiotherapy and recurrence of rectal cancer
2, CEA has been suggested as a useful diagnostic biomarker for CRC *°,
However, the sensitivity of CEA test to detect CRC is still questioned *°.

CHGA

Chromogranin-A (gene name: CHGA) is a 439-residue-long protein in
neuroendocrine cells, which plays a crucial role in the co-stored and co-
released of protein. CHGA has been convinced as an important biomarker
for neuroendocrine neoplasms. Several studies have revealed that CHGA is
related to human cancers: Yang et al. reported that CHGA could be
promising biomarker for gastric cancer **; Ma et al. found that CHGA could
be used as prognosis biomarker for prostate cancer °°; Weisbrod et al.
suggested that CHGA could serve as prognosis biomarker in pancreatic
neuroendocrine tumors *.

ABI2

ABI2 (Abl Interactor 2) is a gene focusing on the protein coding *’. Some
studies suppose that the ABI2 protein may contribute in the regulation of
cell growth and transformation *%. A recent study by Meng et al. identified
three novel miRNA biomarkers (miR-302a, miR-105 and miR-888) by PCR
and bioinformatics analysis *°. Further, they found that these three miRNAs
all had strong relationships with ABI2, on the miRNA-gene interaction
network. Therefore, ABI2 is supposed as a future novel biomarker for rectal
cancer, and the followed verification from hundreds of rectal cancer patients
and normal controls convinced that ABI2 could be promising biomarker for
the diagnosis but not prognosis of rectal cancer *.

Other biomarkers

Besides the traditional biomarkers, scientists also discovered other kinds of
biomarkers in different components. Image biomarker is the biomarker as
image form %) such as X-ray, computed tomography (CT), magnetic
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resonance imaging (MRI). With the development of artificial intelligence
(AI) technology, many medicine fields have benefited from it. This happens
in cancer research too, especially the image biomarker detection and
improvement. Recently, a study from the University of Michigan shows that
using Al technology together with imaging detection, the accurate diagnosis
time has decreased in less than 3 minutes in brain cancer surgery '°'.

Biomarkers in colorectal cancer diagnosis

It has been wildly convinced that biomarker can improve the diagnosis
accuracy of CRC 12, There are plenty of diagnosis biomarkers for CRC 1%,
The change of biomarker expression level could be a guider for CRC
diagnosis. Now, some biomarkers like TP53 and CEA have been used in
clinical, as the assistant for diagnosis. Scientists are still trying to find the
“perfect” biomarker to reach the ideal level of accurate diagnosis of CRC.

Sensitivity (true positive rate (TPR)) and specificity (true negative rate
(TNR)) have been wildly used as the statistics effect value for the
measurement of CRC biomarker diagnostic accuracy. Sensitivity is used to
measure the proportion of the true diagnosed patients by the biomarker in
the total patients. On the other hand, specificity is used to calculate the rate
of true diagnosed non-patients by the biomarker in the total healthy people.
Normally, 0.6 is a cut off for sensitivity and specificity. A biomarker with a
sensitivity higher than 0.8 or even 0.9 is considered with good ability in
diagnosing patients, and for specificity, same cut off indicates good ability
in diagnosing non-patients. The ideal biomarker should have both good
sensitivity and specificity. However, there is always a phenomenon that
most of biomarker can only occupy one good value in sensitivity or
specificity. For example, TP53 has been used in clinical since its high
sensitivity. But the specificity of it is always been concerned.

As shown in Figure 5: The percentage of true diagnosed patients by the
biomarker in the real total patients is the True positivity (TP), and the rate
of false diagnosed patients by the biomarker in the real total patients is the
False positivity (FP). Same rates in healthy people is called True negative
(TN) and False negative (FN). The formulas of sensitivity and specificity are
as following;:

Sensitivity = TP/(TP + FN)

Specificity =TN/(TN + FP)
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Figure 5. 2x2 table in biomarker diagnosis test

In clinical, people are more likely to use another pair of statistics effect
size: positive predictive value (PPV) and negative predictive value (NPV). In
machine learning, PPV is more called as precision, which is an important
value to judge the accuracy of prediction model. The formulas for PPV and
NPV are as following:

PPV = TP/(TP + FP)

NPV = TN/(TN + FN)

In order to give a systemic view of diagnosis accuracy, receiver operating
characteristic curve (ROC) test has been created to combine the sensitivity
and specificity together in a plot. The Y-axis in ROC curve is sensitivity,
and the X-axis is 1-specificity. The area under the ROC curve (AUC) is
considered as a digitized value to evaluate the diagnosis accuracy of
biomarker. AUC is between 0 to 1. The higher AUC, the better accuracy of
the biomarker.
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Biomarkers in colorectal cancer treatment
The biomarkers in the treatment of CRC is usually to guide the drug
selection and dosage in clinical, according to the expression of them. Many
biomarkers can serve both in the treatment and prognosis of CRC, since the
treatment and prognosis are highly related to the development of tumor.
There are 152 treatment biomarkers for CRC, which occupies the last
amounts in the distribution of CRC biomarkers %3, The reason may be that
because the treatment of CRC is a complex process, which is highly different
from in different patients. Therefore, it is a challenge to find common
biomarkers to guide CRC treatment.

The common treatment biomarkers for CRC are mismatch-repair
deficiency, epidermal growth factor receptor (EGFR), BRAF, PIK3CA and
PTEN etc’.

Biomarkers in colorectal cancer prognosis

Prognosis biomarkers occupies most in the CRC biomarker distribution
(707) 5°. The most significant application of biomarker in CRC prognosis is
to help doctors divide CRC patients into right stage more accurately and
quickly. Some famous biomarkers like TP53 and KRAS have been used in
clinical prognosis of CRC for many years, which reflects the importance of
biomarker in prognosis. However, it is still needed to detect new key
biomarkers for CRC prognosis, according to the theory of precision medicine,
which aims to provide personalized medicine for specific patients %4,

The main prognosis biomarker in CRC prognosis is CEA 7. TP53 and
RAS family have been investigated as the prognosis biomarker in CRC 105:1%,
More and more different kinds of prognosis biomarker for CRC prognosis
have been reported 97110,

The effects of treatment and prognosis biomarker can be assessed with
hazard ratio (HR), odds ratio (OR) and risk ratio (RR). If the p value of
HR, OR or RR less than 0.05, the biomarker is considered with significant
effect.

Multiple-functional biomarker

Recently more and more studies reported that specific biomarkers could be
served in CRC in more than one aspect. We call them ‘multiple-functional
biomarker’. For example, TP53 could be used as CRC biomarker in
diagnosis, treatment and prognosis 3*%°. Figure 6 shows the distribution of
multiple-functional biomarkers in CRC. There were 64 CRC biomarkers
that have been convinced in treatment & prognosis, 11 of them have been
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used in diagnosis and treatment, and 38 have been reported in diagnosis
and prognosis. Three biomarkers can be served in all three aspects of CRC:
diagnosis, treatment and prognosis 1%,

The reason of the appearance of multiple-functional biomarkers is that
the progression of CRC is a systemic continues process, and the diagnosis,
treatment and prognosis are with close relations. On the other hand, some
key genes in CRC like TP53 are highly associated with the whole process of
CRC.

129
38 1 1 Diagnosis
3 Prognosis
Treatment
791 98
64

Figure 6. Venn plot for CRC biomarker distribution in diagnosis, treatment and
prognosis.

Multiple biomarkers

Although more and more biomarkers have been discovered and reported,
the effects of these biomarkers are still questioned. One of the possible
reasons is that CRC is a multigene disease. Hence, many scientists suggest
that combining different combining different single biomarkers together as
“multiple biomarkers” could be a strategy !''. Many studies have convinced
that multiple biomarkers could improve the diagnosis, treatment and
prognosis value significantly 11213, The methods to combine biomarkers can
be generally categorized into tow aspects: 1. Measure different biomarkers
in different timing according to their expression regulation, then calculate
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point or percentage of positive expressional biomarkers, which will be
considered the final result for diagnosis decision; 2. Use algorithm to
combine the expression level of different biomarkers to get a specific point,
as the final evidence for diagnosis. The most common and simple way is
logistic regression: using the expression of biomarkers as independent
variables and the sample situation (patients or not) as dependent variable.
Then input the variables collected from known samples as train data into
logistic regression model to train the model, and finally we can get a final
model including the coefficient of the expression of each biomarker. Using
the final model, further diagnosis test can be conducted. The first measure
has been used commonly both in clinical and lab now. However, as the
accumulation of more and more biomedicine data for CRC and the
development of computational methods, the second method would be more
accurate and popular.

1.2.2 Biomarker detection

Since the discovery of biomarkers, virous detection methods for them have
been created and applied in biomedicine field. This section will display the
popular detection approaches in wet lab, and the dry-lab approaches would
be introduced in section 1.3.

Genomic technologies

The genomic approach for biomarker discovery including genome wide
methods like microarrays, splicing expression profiling, and serial analysis
of gene expression (SAGE); and individual gene sequences like quantitative
reverse transcription polymerase chain reaction (QRT-PCR) 4,

Proteomic technologies

Proteomic technology has always been a common way to detect biomarker.
The traditional methods in proteomic biomarker discovery are gel
electrophoresis, protein array, enzyme-linked immunosorbent assay (ELISA)
and liquid chromatography 4.

Imaging technologies

Imaging technology is the most direct way to detect new biomarkers, of
which microscope is the most used method, including light microscope and
electron microscope. Other imaging approach like X-ray and MRI have also

been used as a common way for biomarker discovery 4.
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1.3 Bioinformatics approach

With the development of computer technology and the accumulation of
huge biomedicine data, bioinformatics has been playing a crucial role in the
biomarker discovery 15,

It has been convinced that the biomarker discovery is a comprehensive
and continues system, in which bioinformatics should be both the beginning
and ending of biomarker discovery. In the beginning, precious prediction
based on large omics data by bioinformatics could provide specific target
for biomarker discovery. After the verification and investigation by
traditional and novel wet-lab experiment, bioinformatics can be used to
further verify the result and guide future direction.

GE approach has been widely used to predict new biomarkers and verify
identified biomarkers in CRC. For personalized medicine, GE based
biomarker discovery is a good way since it can find suitable biomarkers for
specific samples. However, it is questioned that the biomarkers found by
GE data can be serve as common biomarker for worldwide population.

Network theory has been applied in bioinformatics for many years, since
the biological system is a big network consisted by different biological
components, and each component plays specific role in the biological
network. Many studies report that biological network shares some
common rules with other networks like human society 'Y, Further, some
researches declare that biomarkers occupy specific position on some
biological networks such as protein-protein interaction (PPI) network and
miRNA-mRNA interaction network, which inspires scientists to predict and
verify CRC biomarkers on these networks according to the topology
features 1516,

1.3.1 Biomedicine databases

Biomedicine database is the internet-based library storing the scientific
information for biological issues, which is one of the most important
foundations for bioinformatics or biomedicine study. The information
stored in biomedicine databases could be sequencing and structure data,
clinical disease and sample information, as well as other biological data
generated from dry or wet experiment in genomics, metabolomics and
proteomics. There are different kinds of databases widely been used in
biomedicine studies.
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PubMed (https://www.ncbi.nlm.nih.gov/pubmed/)

PubMed, created and managed by the American national library of
medicine, has been the most popular and authoritative text-mining based
database for scientific paper searching. PubMed is the initial door for most
biomedicine students to make research. In CRC biomarker field, PubMed
has recorded more than 80000 related papers. (Figure 1)

SEER (https://seer.cancer.gov/)

The Surveillance, Epidemiology, and End Results (SEER) Program collects
and displays huge amounts of cancer statistics data from American
populations, which has been a popular platform for cancer researchers to
search and analysis cancer information. Until March 9, 2020, there are
64,600 papers related to SEER recorded on PubMed.

TCGA
(https://www.cancer.gov/aboutnci/organization/ccg/research/structural-
genomics/tcga)

The Cancer Genome Atlas (TCGA) is one of the most popular cancer
databases which contains huge amounts of omics data for cancer patients
collected by the American National Cancer Institute. TCGA contains the
omics data from more than 20000 cancer patients, which has been a
powerful data foundation for cancer related studies. Every year, there are
more and more studies use the data downloaded from TCGA. Using
“TCGA” as key words searching in PubMed, more than 7000 related
research records will appear.

Xena (http://xena.ucsc.edu/)

The UCSC Xena is a public platform integrated with multiple genomic data
collected from popular databases like TCGA and GTEx (contains the omics
data of healthy population) and other individual experiments, which is
developed by the UCSC Computational Genomics Laboratory from The
Regents of the University of California '8, Comparing with other similar
databases, Xena occupies the outstanding position benefiting for its
powerful visualization and analysis function. Xena used a novel pipeline to
combine the data from different source as same format, which makes it
possible to analysis these data together. What’s more, users can also submit
and analysis their own data on Xena.
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GEPIA database (http://gepia.cancer-pku.cn/)

The GEPIA database is an interactive database established by Zhang et al.
from Peking University !**. On the foundation of standard data from Xena,
GEPIA provides more functions for cancer RNA-seq data analysis, such as
differential expressional gene (DEG) analysis for specific cancer, and
survival and expression analysis for specific gene. Table 1 presents the top
10 DEGs for colon cancer and rectal cancer in GEPIA. (calculated by
ANOVA algorithm) In 2019, CEPIA2 has been published, which adding the

function of analyzing users’ own data

120

Table 1. DEGs in colon (A)/rectal (B) cancer patients with normal controls.

A.
Gene Symbol Median Median Log2 P value
(Tumor) (Normal) (FC)
RP11-40C6.2 1090.972 1.620 8.703 1.01e-151
CEACAMS6 488.359 4.060 6.596 4.87e-77
DPEP1 111.113 0.480 6.243 1.75e-142
S100P 516.275 6.310 6.145 5.08e-123
LCN2 489.918 6.530 6.027 2.75e-65
CEACAMS 1586.904 27.971 5.776 5.53e-49
CLDN2 45.972 0.090 5.429 1.34e-124
ETV4 67.798 0.750 5.297 7.54e-267
CDH3 47.609 0.270 5.258 9.29e-301
MMP7 37.139 0.090 5.129 2.81e-136
B.
Gene Symbol Median Median Log2 P value
(Tumor) (Normal) (FC)

RP11-40C6.2 1090.972 1.620 8.703  1.0le-151
CEACAMS6 488.359 4.060 6.596  4.87e-77
DPEP1 111.113 0.480 6.243  1.75e-142
S100P 516.275 6.310 6.145  5.08e-123
LCN2 489.918 6.530 6.027  2.75e-65
CEACAMS 1586.904 27.971 5.776  5.53e-49
CLDN2 45972 0.090 5.429  1.34e-124
ETV4 67.798 0.750 5.297  7.54e-267
CDH3 47.609 0.270 5.258  9.29¢-301
MMP7 37.139 0.090 5.129  2.81e-136

P value has been adjusted.
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String database (https:/string-db.org/)

The string database is the most popular database for protein-protein
interaction network 3. The powerful visualization function is the important
reason that makes String outstanding among various PPI databases. Figure
7 displays the PPI network for the proteins including in this thesis. Further,
it keeps regular updating since it was first developed at the year of 2000 '3.
The most important part for a database is the quality and amount of data
containing in it: more than 2000 million interactions of 24.6 million
proteins collected from 5090 organisms have been recorded and displayed
in the newest version of String (v11) 2,

BCL2L1

CEACAM7

&

Figure 7. PPI network for the protein biomarker in this introduction (TP53, GEA,
KRAS, MKI67, CHGA and ABI2), generated by String. (Accessed 2020/03/13)

miRNAnet (https://www.mirnet.ca/)

The miRNAnet database is a powerful tool that collects multiple information
for miRNAs, focusing on the interaction networks for miRNAs ¥, miRNAnet
not only contains the information for human but also the information for
other species like mouse, rat, cattle, pig, and zebrafish, etc.

An attractive advantage for miRNet is its regular and frequent updating 2.
(almost every week) miRNet integrates multiple miRNA related interaction
knowledge for diverse biological components such as genes, non-coding
RNAs (ncRNAs), epigenetic modifiers, transcription factors, diseases, and
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small biological compounds. Meanwhile, miRNet also contains different
types of miRNA data generated from multiple experiments like RT-qPCR
and next generation sequencing. As a network-based database, miRNet also
has integrative and user-friendly visualization function. Further, miRNet
provides the functions of pathway enrichment analysis and Gene ontology
annotation for related genes of target miRNAs. Figure 8 shows the miRNA
related interaction networks for the miRNA biomarkers involving in this
study, which also integrated the PPI network for related genes.

Figure 8. miRNA-gene interaction network for miR-21-5p, miR-186-5p, miR-30e-
5p, miR-31-5p and miR-10b-5p.
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Biomarker databases

Biomarker database is a kind of biological database specifically concerning
on biomarkers. There are some biomarker databases have been created,
such as the Global Online Biomarker Database '2°, which has collected
>130000 biomarkers for 18 different therapeutic areas, and the America
National Cancer Institute has established the early detection research
network, which collects 13 CRC biomarkers '**. There are some specific
biomarker databases for various diseases, such as the US Environmental
Protection Agency Biomarker which has collected the biomarkers for
children diseases '2°; the Tuberculosis Biomarker Database includes the
tuberculosis associated biomarkers '2¢; the Infectious Disease Biomarker
Database with the biomarkers for the infection diseases '*’.

OncoMx is a compressive knowledge which contains cancer biomarker
information collected from different sources 2. However, the detention of
biomarkers in OncoMx is questioned. Gastric Cancer (Biomarkers)
Knowledgebase '*°, and the Liver Cancer bioMarker Reference Into
Function database (LiverCancerMarkerRIF) 130,

Database construction process
Normally the construction of a biomedicine database follows the common
process of establishing a basic database ”:
1. Requirement analysis: collect and analysis the requirement for
database, from candidate users and related specialists;
2. Conceptual design: transfer the realistic requirement to computer
conceptual;
3. Logical design: set the logical concept in database, with primary and
foreign keys;
4. Normalization process: normalize the data with standard format
and remove the redundancy;
5. Physical design: design the database in real and chose the right
database manger system (DBMS). The are many popular DBMS,
such as Oracle, MySQL, Access, and Microsoft SQL Server, etc.

Database construction tools

There are plenty of tools for database construction, among which,
“XAMPP” software package has been wildly used. “X” is the operation
system for database construction and management, which usually can be
Windows, Linux, Mac OS X, or Solaris. “A” represents to Apache, which
is used as HTTP server. “M” refers to mySQL DBMS. “P” is the PHP and
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Perl languages, which are used to connect the DBMS with HTML web page.
Benefiting with its outstanding advantages like free, user-friendly, and open
source, XAMPP has been one of the most common tools for database
construction and management.

1.3.2 Complex network

Network graph theory was proposed in the Eighteenth century. After years
of development, random graph theory, small world theory and scale free
theory have been the three breakthroughs in network graph theory. Before
the introduction of these three theories, we should know what is “Regular
network”. The most obvious characteristic of regular network is that each
nodes has the same number of lines on it 3!. To the opposite of regular
network, the numbers of lines connected to points are randomly distributed
on random network, which is definitely a disorder system 32, Scale free
network is a highly connected network. Comparing with random network,
the degree distribution on scale free network follows a power law
distribution: there exists some hub points, whose connected lines are more
than other points, significantly. On small world network, most of points are
not connected directly, but they can reach to another by small neighbors,
which have been used in human society network. For example, Six Degrees
of Separation supposes that one person can contact to anyone in the world
in six people.

Biological environment is a connecting complex system, which is
constructed by multiple interaction relationships, i.e. PPI, RNA-RNA
interaction (RRI), protein-DNA interaction etc.!’® These interaction
relationships can be transferred to complex networks in network theory,
where the nodes (points, vertices) on the network could represent the
biological components and the lines (edges, links) represent the interaction
relationship 3. The shape, color and size of nodes could reflect different
properties of biological object. The direction of lines could represent the
relationships of objects, and the size and color could reflect the level and
category of relationships. Systems biology supposes that by studying these
interaction networks could help to explain and further investigate the rules
of biological components 133,

Complex network as an important research field has been developed in
biomedicine during the last 30 years. Adequate evidences have shown that
biological complex networks share similar features with human social
networks. Several studies have reported that biomarkers occupy special
position on some biological networks such as PPI networks and RRI
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network %19, In the biomarker related network research field, many studies
focus on the detection of network biomarkers '2. However, few studies work
on the specific biomarker-biomarker interaction (BBI) network. If the
amounts of biomarkers is big enough, the topology features on the BBI
networks would be robust, by which we may get some common rules for
biomarkers to further detect new better biomarkers. Table 2 presents the
common topology features in the complex network.

Table 2. Common topology features

Feature Definition
Average Ywdw,w)
Shortest Cw) = -1
Path Length
Betweenness ) = Z 05 (V)
Centrality g\w) = O
1 S#FV#L
Closeness
CO)==———
Centrality () Xyd(y,x)
Clustering __ number of closed triplets
Coefficient "~ number of all triplets
Degree the number of edges incident to the point
Eccentricity the biggest geodesic distance between the point and
any other point
Radialit Zwd—d@,w)+1
Y Craa(v) = L
n—1
Stress GO = ) o)
SELEV
Topological avg(J(n,m))
e T, =<2
Coefficient n k,

n: the number of the points

d: the diameter of the network.

d(v;, vj): the shortest distance between v; and v;.

0g;: the total number of shortest paths from node s to node t.

05:(v): the total number of shortest paths from node s to node t that pass through v.
J (n, m): the number of neighbors shared between the nodes n and m, plus one if
there is a direct link between n and m.

k,: the neighbors of n
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PPI networks

Benefits from the development of experimental technology and the
accumulation of related data and knowledge, PPI network has been an
important source for protein research.

It has been proven that biomarkers always occupy specific position in
the PPI network 2319, In the previous introduction, we introduced that some
biomarkers could be served as multiple-functional biomarkers. These
biomarkers always occupy hub position in the PPI network.

MiRNA-mRNA network

miRNA can regulate the massager RNA (mRNA) in human cellular
networks. As such, the regulation relationships between miRNAs and
mRNAs have constructed multiple miRNA-mRNA interaction networks.
Different from the PPI network, the direction of miRNA-mRNA network is
single: only from miRNA to mRNA. In the previous work, our research
group has created an algorithm to detect miRNA biomarker based on two
topology features on miRNA-mRNA network 34,

Other networks

Other networks such as drug-target network and virus-host network have
also been important tools in different biomedicine fields. For example,
based on the existed drug-target networks, researchers can predict new
drugs with similar network features with reported drugs. On the other hand,
other targets could also be predicted.

1.3.3 Machine learning

Al is a technology to let computer detect and react for some situations like
human intelligence system. Programmers tell Al model how to learn and act
for related situations by design and perform related algorithm '35, As the
development of Al technology and the accumulation of big data, Al is
changing our daily life, including the medicine health care. In CRC research,
Al can: improve the screen and diagnosis accuracy to support the clinical
diagnosis; help to find the drug targets with less time and better precious,
and find suitable drug based on target molecular, in order to promote the
treatment !%¢; use the huge clinical patients data stored in related databases
like TCGA and SEER and control data from databases like GTEx, to
construct model to predict the outcome for CRC patients, by which to
improve the prognosis. What’s more, Al technology can simulate the
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process of CRC patient and predict the possibility of CRC occurrence for
healthy samples on dry lab, which can save both time and money.

As a subset of Al, machine learning (ML) is more focusing on to make
prediction or decision rather than to conduct tasks '**. ML use the
knowledge and regulation learned from sample data (training data) to build
model to predict or classify target data. As the advent of big data ear and
the development of computer science, ML has developed to a mature
method. Along with the development of biomedicine experiment equipment
and technology, huge amounts of biomedicine data have been published and
stored in plenty of databases, which could be good sources for training data
in ML. Therefore, ML has been used for the new biomarker discovery in
many bioinformatics studies. However, most of them use gene expression
data to detect biosignature to find new biomarkers 37138 which are not
robust enough because of the heterogeneity among different population.
Recently, many biological network databases have been established, such as
String database for PPI '3, miRNet database for miRNA related networks
14 which all contain huge network data collected from different sources
worldwide. As such, using biological network to predict new biomarkers
could be a new sight in biomarker discovery.

Support vector machine

Support vector machine (SVM) has developed to a popular ML method
since it was first reported at 1963. It is a supervised learning algorithm that
analysis data in regression and classification model. Supervised learning
algorithm and unsupervised learning are two major methods in ML. The
difference of these two methods is that before establishing of model,
supervised learning has clear expectation for output of model, but not
unsupervised. Therefore, supervised learning is more used in regression and
classification, and unsupervised learning is good at cluster.

The famous advantage of SVM is the use of “kernel” in construction of
model, which can transfer the classifications of points into higher dimension
to increase the prediction accuracy. Although this transformation may
increase the generalization error, but it can still get good accuracy on the
foundation of enough data.

Decision tree

Decision tree (DT) learning is one of the most popular ML method in the
era of “AI”. DT is to pretend the structure of tree to divide the space of
input data with a hyperplane. After enough dividing process, the candidate
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data would be divided to the corresponding “leaf”. There are two parts for
DT: classification DT for discrete data, and regression DT (regression tree)
for continuous data.

Deeping learning

Deeping Learning (DL) is a subset of ML, which uses artificial neural
network to learn and make prediction based on big data. Artificial Neural
Network is a typical method in DL. Obviously, this method tries to learn
and pretend the process like human neural systems. The application of DL
has been widely used in cancer research. A recent study use DL to predict
tumor mutation using pathology images from TCGA ',

Tools for ML

Popular software like R language, Python and matlab all have powerful
packages for ML specifically. Here, some famous R packages will be
introduced:

“CARAT” is a R package focusing on the regression and classification.
With 217 powerful functions, “CARAT” has been considered as one of the
best R package for ML *°. “RandomForest” is a package for Random
Forest, which could train missing values. “e1071” is a famous R package
that shows high practicality especially in SVM.

1.3.4 Novel meta-analysis

Evidence-based medicine (EMB) is a new direction in medicine developed
in the 1990s 1. The purpose of EMB is to use the results from high-quality
researches, as evidence, to guide the clinical decision. EMB is considered as
a research paradigm with highest credibility, and meta-analysis is the most
credible EMB. Now the development of interdisciplinary research has got
great improvement, which has been convinced with the ability to provide
more comprehensive and accurate information for specific questions.
Recently, the combinations of bioinformatics and EMB has generate some
new types of meta-analysis.

Logistic regression based meta-analysis

How to combine GE data from different datasets has always been a key
problem in bioinformatics analysis. Zhang et al. proposed a novel method
to use logistic regression to deal with GE data to get the 2x2 diagnostic table
23, Then input the table to diagnosis meta-analysis model to make
traditional meta-analysis.
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Bayesian meta-analysis of diagnostic test

Recently, combining the Bayesian theory into diagnosis meta-analysis has
been a new direction in bioinformatics and EMB. The so called “Bayesian
meta-analysis of diagnostic test can compare the diagnosis accuracy
between two tests directly, and compare two not related tests by the
common third test, which could provide a prediction result on the
foundation of real result, based on the Bayesian theory. “bamdit” package
in R language is professional in perform this novel meta-analysis.
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2 The present investigation

2.1 Paper |

Zhang X, Sun X-F, Cao Y, Ye B, Peng Q, Liu X, Shen B and Zhang H
CBD: a biomarker database for colorectal cancer.

Database 10.1093/database/bay046, 2018

2.1.1 Background and aims

With more and more CRC biomarkers been discovered and reported, there
is an emergency need to establish a compressive database to collect,
normalize and display these biomarkers information. This paper aimed to
construct a CRC biomarker database to record all the reported CRC
biomarkers published on PubMed, which would provide users a platform
for searching, downloading, analyzing and submitting the CRC biomarkers
with their biomedicine information.

2.1.2 Materials and methods

PubMed provided the data source, and the key words for searching is
“(((biomarker OR marker) OR indicator) OR predictor) AND ((colorectal
cancer OR rectal cancer) OR bowel cancer).” “WAMP” software package
was used to construct the database: Windows system as operation system;
Apache as database server; MySQL as DBMS; PHP as the bridge to connect
the database with HTML webpage.

2.1.3 Results and discussions

870 biomarkers selected from 8753 CRC biomarker related articles were
collected and included in our CRC biomarker database (CBD). These
biomarkers were categorized into DNA, RNA, protein and other
biomarkers according to their biological components. Further, the CBD
provided multiple searching strategies and user-friendly webpage for users
to search and download target data. Further system analysis is needed to
find hub biomarkers and some common rules for these biomarkers to guide
future biomarker prediction.
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2.2 Paper Il

Zhang X Sun X-F, Shen B and Zhang H
Potential applications of DNA, RNA and protein biomarkers in diagnosis,
therapy and prognosis for colorectal cancer: a study from databases to Al-

assisted verification.
Cancers 11, 172, 2019

2.2.1 Background and aims

In the CBD database, we collected all the 870 reported biomarkers for CRC,
and further system analysis is needed. Many researches suppose that the
performance of single biomarker is concerned and combining different
biomarkers as multiple biomarkers could be a new direction to improve the
diagnosis and prognosis of CRC.

2.2.2 Materials and methods

The 870 CRC biomarkers were analyzed on biological networks and
pathways. The overlap of miRNA and protein biomarkers related genes
were used to predict new multiple biomarkers based on the PPI network.

2.2.3 Results and discussions

CRC biomarkers were clustered to diagnosis, treatment and prognosis
networks, and some multiple-functional biomarkers like TP53 were found.
Some hub biomarkers like TP53 and KRAS were convinced on the PPI
networks of protein biomarkers. KEGG pathway enrichment analysis and
Gene ontology was utilized to find the common pathways for CRC
biomarkers, and different-functional biomarkers were mapped on the
enriched pathways. Several novel multiple biomarkers like KRAS-PTEN-
STAT3-CD44-ZEB1-ZEB2-S1PR1 were predicted based on the PPI
network. This work guides us to make further prediction of biomarkers
based on complex networks.
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2.3 Paper Il

Zhang X, Zhang H, Fan C-W, Shen B Sun X-F

Loss of CHGA protein as a potential biomarker for colon cancer diagnosis: a
study on biomarker discovery by machine learning and confirmation by im-
munehistochemistry in colorectal cancer tissue microarrays. Submitted, 2020.

2.3.1 Background and aims

New key biomarkers are still needed for colon cancer diagnosis.
Bioinformatics approach has been a new direction for biomarker discovery.
As the advent of the era of big data, huge amounts of PPI data have been
accumulated, which gives a foundation for studying and predicting protein
biomarkers. ML has been a mature way to predict biomarker in cancer
research. The aim of this study was to using ML to predict colon cancer
diagnosis biomarkers based on the PPI network.

2.3.2 Materials and methods

RNA-seq data from TCGA and GTEx was used to perform DEA, and the
DEGs were mapped on the human PPI from String to get the colon cancer
specific PPI (CCS-PPI) network, as the foundation for biomarker prediction.
Reported diagnosis biomarkers collected from the CBD database was mapped
on the CCS-PPI, which provided the network features for biomarkers. The non-
DEGs were also mapped to the CCS-PPI to provide the network features for
non-biomarkers. Regression tree was used select the best features to further be
used in SVM to predict biomarkers from the DEGs. Diagnostic ROC test
performed by microarray data from GEO was utilized to make verification for
the predicted results and further select final candidates. Tissue arrays was
further conducted to verify the clinical value for biomarker candidate.

2.3.3 Results and discussions

12 novel colon cancer diagnosis biomarkers were predicted, of which
CHGA showed the best performance in the AUC and tissue arrays. We
supposed that it is a good try to use network topology features of reported
biomarkers to predict new biomarkers, since it is logical and the predicted
biomarker (CHGA) had good performance in the verification test in both
dry and wet lab. However, there is still something needed to be further
improved: 1. The negative group in the predict model was non-DEGs. If the
real non-biomarkers selected from scientific experiments could be used as
negative group, the credibility and even accuracy of the prediction model
could be improved; 2. The number of reported biomarkers was concerned.
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2.4 Paper IV

Zhang X, Zhang H, Shen B and Sun X-F

Chromogranin-A expression as a novel biomarker for early diagnosis of
colon cancer patients. Int | Mol Sci, 20, 2919.

2.4.1 Background and aims

We predicted that CHGA could be a promising biomarker for colon cancer
diagnosis in the previous work, and it is needed to make verification in more
datasets. Meta-analysis is an EBM with high credibility, which could
combine different results from virous studies for a specific topic. The aim of
this study was to use meta-analysis to verify the diagnostic value for CHGA
in colon cancer, based on the GE data from GEO.

2.4.2 Materials and methods

4 datasets containing both colon cancer patients and healthy controls from
GEO was selected to make logistic regression to get the 2x2 tables, which
were then been used to conduct the diagnostic meta-analysis. Further
biological functional and network analyses were conducted for CHGA, and
CHGA related single and multiple biomarkers were predicted based on the
PPI network and expression level.

2.4.3 Results and discussions

CHGA showed good diagnostic performance (sensitivity 0.89; specificity
0.89) compared with some typical biomarkers. (TP53, KRAS, and MKI67)
Some CHGA related genes were predicted as future biomarkers for colon
cancer. Future verification in animal model and clinical is still needed.
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2.5 Paper V

Zhang X, Zhang H, Shen B and Sun X-F

Novel microRNA biomarkers for colorectal cancer early diagnosis and 5-
fluorouracil chemotherapy resistance but not prognosis: a study from
databases to Al-assisted verifications. Cancers 12(2), 341, 2020.

2.5.1 Background and aims

miRNA is a new direction for CRC biomarker discovery, and 72 miRNAs
have been reported as CRC biomarkers. In our previous study, a novel
network-based miRNA biomarker prediction model (MiRNA-BD) has been
created and developed into software. The aim of this study was to use
different source of GE data to predict new miRNA biomarkers for CRC,
based on the miRNA-mRNA interaction network, via MiRNA-BD.

2.5.2 Materials and methods

The GEPIA database and the GEO database provided the DEG data from
RNA-seq and microarray, separately. DEGs from these two sources
together with CRC related miRNAs from miRNAnet were input into
MiRNA-BD to construct CRC specific miRNA-mRNA network. Tow
topology features were used to predict novel biomarkers based on the
network.

2.5.3 Results and discussions

Based on the specific network, 3 novel miRNA biomarkers (miR-10B, miR-
31, and miR-30e) were predicted based on two topology features. Further
meta-analysis and biological network and functional analysis verified the
finding. Further clinical verification is still needed.
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