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Abstract
Lung cancer has the highest mortality rates of all cancers worldwide, with a 5-year survival rate
less than 15%. Screening methods are in need for the high risk population, as lung cancer is
asymptomatic in its early stages. Proper screening methods would allow earlier diagnosis and
curative intent treatment. microRNAs (miRNAs) are small, non-coding strands of ribonucleic
acid (RNA) that are shown to lead to carcinogenesis when dysregulated. They are stable and
detectable in small quantities, thus are promising candidates for biomarkers. miRNAs are also
expressed in a tissue specific manner and measurable in small quantities of different biological

fluids.

In chapters 2 and 3, we show that in our nested case control study, a risk score analysis
comparing miRNAs 21, 150, 210 and 223 in early stage non-small cell lung cancers (NSCLC)
matched with similar age and smoking history controls, showed that miRNA profiling could be
used as a screening method when measured in blood plasma. We also showed that pre-operative
and post-operative NSCLC miRNA levels stay dysregulated 5-8 months post tumour resection,

regardless of cancer recurrence or metastasis.

In chapter 4 we discuss the results, which demonstrate the benefits of using miRNAs as a
screening method for NSCLC, but also that it is not viable to be used as a test on its own. We
suggest, in order to improve miRNAs screening capabilities, that the test be combined with
another method, such as low-dose computed tomography (CT) scanning, to improve early

detection in the high-risk population.
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Chapter 1: Introduction

1.1: Introduction of Translational Application of microRNA Profiling to Detect Non-Small

Cell Lung Cancers

1.1.1: Lung Cancer Overview

In 2012, approximately 14.1 million new cancer cases were diagnosed worldwide. Lung cancer,
the most commonly diagnosed type of cancer, was responsible for 1.83 million new cases, as
well as 1.59 million deaths in 2012 (1). In Canada, it was estimated in 2016 that lung cancer was
the second and third most commonly diagnosed cancer in women and men, respectively, with
14.1% of new female cancer cases and 14% of new male cancer cases being lung cancer. In
addition, lung cancer in Canada has the highest mortality rates of approximately 26% for both

genders (2).

The main risk factor for developing lung cancer is smoking tobacco, which is the main risk
factor in 85% of all cases of lung cancer in Canada. Other risk factors include exposure to
second-hand smoke, asbestos, radon, arsenic, diesel engine exhaust, mine dust, silica dust, and
radiation. Other lung diseases, such as tuberculosis and chronic obstructive pulmonary disease

(COPD), as well as a familial history of lung cancer are also risk factors (3).

There are two main groups of lung cancer, non-small cell lung cancer (NSCLC) and small-cell
lung cancer (SCLC). NSCLC is the most common, making up approximately 85-90% of all lung

cancer cases while SCLC is responsible for approximately 10-15% of all lung cancer cases (4).



Over 75% of all lung cancer cases are diagnosed in stages III/IV, which are both associated with
very poor survival rates (2). In patients presenting with advanced lung cancer, treatment options

decrease and the disease is treated to slow down progression, rather than with curative intent.

Given the high rates of initial presentation for patients with stage III/IV NSCLC, there is an

obvious need for methods to assist in earlier diagnoses to allow for earlier treatment intervention.

1.1.2: Lung Cancer Screening

Screening high risk populations (smokers/ex-smokers, workers exposed to harmful chemicals,
and age) potentially allows the lung cancer to be detected in its early stages and be treated more
successfully, and in turn, prolongs the life of the patients. Currently, the protocols used are
through computed tomography (CT) scans. Issues that accompany the use of CT scanning as a
screening method for lung cancer are high false positive rates, repeated risk of exposure to
radiation, and complications from follow-up tests after the CT scan (2). Therefore, a need exists
to develop adjunct methods for screening the high risk population, or methods to use in

conjunction with current screening protocols.

1.1.3: Use of Biomarkers as a Screening Method: microRNA

A new approach that is being investigated is the use of micro-ribonucleic acids (miRNAs) as
biomarkers for different diseases. miRNAs are small, non-coding RNA strands that are prime
candidates for biomarkers as they are tissue-specific and stable in small quantities. Increases and

decreases of specific miRNAs are characteristic of the onset of certain types of cancer (5, 6, 7).

1.1.4: Thesis Aims



The aim of this thesis is to explore how measuring several miRNAs and creating a miRNA
profile could have the ability to distinguish early stage NSCLC from healthy controls.
Specifically, this involves the comparison of stage I/Il NSCLC versus healthy controls and pre-
operative versus post-operative NSCLC samples with or without recurrence, as well as the
comparison of pre-operative samples to tumour tissue, in order to distinguish one from the other
using miRNA profiling. We hypothesize that miRNA profiling has the predictive ability needed

in a screening test to distinguish early stage NSCLC from healthy controls.

The thesis will continue further into Chapter 1 to explore lung cancer, miRNAs, and their
potential as a non-invasive screening method for the high risk population. In Chapter 2 all
methodologies of the projects’ experiments will be explained, with Chapter 3 moving into the
results of the thesis. In Chapter 4 a discussion will continue to evaluate the results of the project,
as well as look into limitations and future directions that can come from these experiments.

Lastly, Chapter 5 will conclude the thesis.

1.2: Clinical Manifestations of Lung Cancer:

1.2.1: Classifications of Lung Cancer

Lung cancer is separated into two categories — NSCLC and SCLC. Both categories split into

several different cellular subtypes (Figure 1.1).

NSCLC accounts for 85-90% of all cases of lung cancer. Adenocarcinoma (AC), which usually
occurs in the periphery of the lung, is the most common type of NSCLC. Types of
adenocarcinoma are predominantly grouped via their microscopic appearance. The acinar
subtype appears as tiny sac-like structures in cells, papillary subtype present as small, finger-like

projections in cells, micropapillary subtype are even smaller finger-like projections in cells, and



the solid subtype appear as nest-like, thick structures. There is also a mixed type, where the
tumour’s microscopic appearance have a combination of different features. Another type of AC
is Bronchioloalveolar Carcinoma (BAC), which is found within the respiratory airways and
alveoli without invasion into the basement membrane. The cells originate in the alveoli, and tend

not to spread outside of the lung, giving a better prognosis compared to other AC’s (2).

There is also Squamous Cell Carcinoma (SCC), another type of NSCLC. It is primarily found in
the hilum, or root, of the lung. They are categorized via their microscopic structure such as the
papillary subtype, clear cell subtype wherein cells appear empty and clear, and basaloid subtype
which appear as small round shaped cells. SCC tumours also tend to have mixed microscopic

structures (2).

Large Cell Carcinoma (LCC) is categorized as a NSCLC which can have basaloid structured
cells, and clear cell type. Other subtypes of NSCLC, which are much less common than those
previously stated, are sarcomas (fibrosarcoma, leiomyosarcoma, and hemangiopericytoma),

sarcomatoid carcinoma, lymphoma, and superior sulcus (Pancoast) tumours (2).

SCLC encompasses 10-15% of all cases of lung cancer. Categories included in this type are
small cell carcinoma and combined small cell carcinoma. SCLC is comprised of small flat

shaped cells that are spread throughout the affected area (2).

1.2.2: Diagnosis, Treatment and Prognosis of Lung Cancer

People are most commonly diagnosed with lung cancer because of complaints to their family
doctor about their symptoms at an average age of 70 years. This leads to the patient being sent
for other tests to confirm suspicions of disease. Tests often given are x-rays to look for

abnormalities in the lungs, CT scans to image the size and location of the tumour, and positron



emission tomography (PET) scans to visualize the condition of surrounding lymph nodes. Other
tests used are analyzing sputum from the lung for cancer cells and ultrasound. Issues with these
methods are that none can conclusively diagnose lung cancer. The current and only protocol used

to do this is via biopsy (2).

Different procedures can be used to obtain a tissue sample of the lesion or nodule found in
imaging tests. The first is a needle biopsy, in which a needle goes through the chest wall
percutaneously via CT guidance or fluoroscopy. Another is a transbronchial biopsy where the
tissue sample is obtained through bronchoscopy. These two biopsy techniques are usually done
with the patient awake or with light sedation. There are similar risks involved with these

procedures such as pneumothorax, bleeding in the lungs, and infection (4).

Other procedures used are performed under general anesthesia. Thoracoscopic biopsy is a
minimally invasive procedure with entry through the chest wall, where a tissue sample can be
obtained during the removal of nodules. The last technique is an open biopsy, in which the
surgeon makes incisions through the chest in order to obtain the sample. The risks for these
techniques are blood loss or clots, infection, and the associated dangers with being put under

general anesthesia. Also, patients that receive these type of biopsies require some hospital stay

.

The available types of biopsy to diagnose lung cancer are invasive, and some patients may not be
in a state to undergo the procedures due to other health issues. Another issue with invasive
biopsies is the large amount performed unnecessarily. Imaging techniques that screen for lung

cancer, such as CT scans or chest radiography, have high false positive rates. These false



positives lead to many biopsies being performed, increasing hospital wait times. Unfortunately,

there are no other means to definitively diagnose lung cancer (4).

After diagnosis, doctors prepare a treatment regime for the patient. This is highly dependent on
the type and stage of the lung cancer. In stage I, the treatment is primarily surgery to excise the
affected tissue. In stage II, the size of the tumour influences how treatment is approached. For
large tumours, radiation and chemotherapy may be used before surgery to decrease the size of
the tumour, and increase overall the chances of complete removal of the mass during surgery. If
the tumour is of moderate size, surgery may be attempted initially. In stage III lung cancer,

surgery with chemotherapy and/or radiation are commonly used.

Stage IV lung cancer uses chemotherapy as its primary treatment. Concurrent chemotherapy may
be used with radiation therapy, and targeted and maintenance chemotherapy may be used
depending on the patients’ disease characteristics. Surgery is not performed to assist in removal

of the cancer as it has now metastasized, but may be used as palliative care (2).

The prognosis for lung cancer is inversely correlated to the stage at time of diagnosis. As
previously stated, lung cancer has the highest mortality rate of all the cancers in Canada, as well
as worldwide. In Canada, 19.1% of cases are diagnosed in stage I and 5.6%, 27.4%, and 47.9%
of cases are diagnosed at stage 11, I1I, and IV, respectively for NSCLC (2) (Table 1.1). Due to
approximately 75% of patients being diagnosed in stages III or IV, it becomes apparent why
treatment is rarely curative post diagnosis. Looking at data from the United States, we can see
how many people survive at least five years after diagnosis with NSCLC. 49% and 45% of
patients diagnosed at stages A and IB, respectively, will survive past five years. When

diagnosed in stages IIA and I1B, survival rates are 30% and 31%, respectively. In later stages of



lung cancer, survival rates past five year fall to 14%, 5%, and 1% in stages IIIA, IIIB, and IV,

respectively (8) (Table 1.1).

1.2.3: Lung Cancer Screening

In order for a screening test to be effective, there are many criteria that should be achieved. The
first being that the disease has serious consequences, or, that the targeted disease has high
mortality rates (9). As previously stated, lung cancer has the highest mortality rates out of all of

the cancers worldwide (1), fulfilling this requirement.

Another criteria is that there is a high prevalence of detectable disease in the screening
population during the preclinical phase (9). The preclinical phase is defined as the time between
the onset of the disease and the onset of symptoms, and in the case of lung cancer, the screening
population would be people between the ages of 55-74 years with a smoking history of 30 pack-
years that are currently smoking or have quit in the last 15 years (10, 11). Also, a good screening
test should not detect symptoms that appear to be a disease (12). Currently, CT scans are the
method used for screening but it is estimated that there are approximately 19 false positive scans

per one true positive scan (10). Thus, both of these requirements need improvement.

The next requirement is that the screening test has high accuracy for detecting the disease in its
preclinical phase. This is measured in sensitivity and specificity (Figure 1.2). Sensitivity is a
measure to obtain how well a screening method can detect the disease from persons who are
inflicted by the disease. When a test has a high sensitivity, it is more reliable with a negative
result. Therefore, this is useful for ruling out disease from a population. When using specificity,
one is measuring how well a screening method can detect a healthy person from a group of

people without disease. In contrast to sensitivity, specificity is useful for ruling in disease. For a



screening test to be considered acceptable, it must have > 95% sensitivity if the specificity is <
95%, or if the sensitivity is < 95% the specificity must exceed 95% (12). It is also necessary that
the test detects the disease before a “critical point” in its progression. Generally, when
considering cancer, this would be perceived as before the cancer metastasizes (stages I-11I) (12).
In the specific case of lung cancer, stages I and II have 5-year survival rates varying between 30-
49% then drop severely in stages Il and IV (Table 1.1) (8). Currently, literature does not have a
defined critical point for lung cancer, thus for simplicity purposes, stages I and II will be
regarded as before the critical point of disease. Screening tests should also cause little danger to
the participants and not increase morbidity of the disease (12). It is acceptable to have a small
effect on the patient, such as small doses of radiation via CT scans, as long as it gives some
benefit (13). The use of low-dose CT scans have a risk of development of cancer of

approximately one in 25,000 (14-16).

The screening test used to detect a disease must also be affordable and available to the high risk
population that requires it (12). CT scans have shown issues with availability to populations
living in rural areas. In Canada, the estimated wait for someone to receive a CT scan is 3.7 weeks
(17). There are not any studies looking at the costs specifically for CT screening and lung cancer,
but, lung cancer does place a huge cost on the Canadian economy and healthcare system. The
Conference Board of Canada performed an analysis in 2012 that showed lung diseases (including
asthma and COPD) costs the government $12 billion a year. A large portion of the cost is due to
the expensive treatments associated with lung cancer and the frequent hospitalization required
for patients. It is predicted that this cost will double by the year 2030, showing the increasing

pressure for better diagnosis and screening methods for the disease (18).



Screening tests must also improve patient outcomes. Thus, treatment must exist for the disease as
well as it being more effective when the patient is asymptomatic (9, 12). Surgery, radiation and
chemotherapy have shown to be overall successful in stages I and 11, fulfilling this requirement.
There are different methods that have been tested as possible screening techniques for lung
cancer. The first is chest radiography, with several studies conducted in the 1970’s and 80’s. The
United States National Cancer Institute conducted the Memorial Sloan-Kettering Study (19, 20)
and the Johns Hopkins Study (21, 22). They used random control studies to evaluate the use of
chest radiography and its effects on mortality rates in lung cancer.

An issue with chest radiography is the inability to locate the exact place of the lesion seen on the
image, as it does not use cross-sectional imaging. Because these studies were not found to be
significant, investigations into CT scanning commenced as an alternative method of screening
for lung cancer.

The first study to show that low dose CT scans can decrease lung cancer mortality rates was the
National Lung Screening Trial (NLST), a randomized control study comparing low dose CT
scans with chest radiography by measuring mortality rates in current or previous heavy smokers.
Overall, the study was a success showing that CT scans produced 20.3% less cancer related
deaths than chest radiography, and a 6.7% decrease in overall mortality (23).

Despite the success of the NLST, further research has been conducted to investigate its results
via external labs. In 2013, a team showed that there was an overdiagnosis of 18% in the low-dose
CT scan group (24).

Currently, the American Cancer Society guidelines recommend low-dose CT scans for screening
lung cancer in the high risk population. However, these guidelines only apply to individuals who

are 55-74 years of age, and have a 30-pack year smoking history and currently smoke or have



quit within the past 15 years (10, 11). As previously stated, the average age of diagnosis for lung
cancer is approximately 70 years old, making the 74 year old cut off affecting many potential

patients.

Another study showed that CT scans have a low specificity of only 61% for lung cancer
diagnosis. This is problematic for the healthcare system and the patients’ wellbeing. It is
estimated that there are approximately 19 false positive scans per one true positive scan using
low-dose CT (25). This leads to a tremendous amount of unneeded investigations, costing the
healthcare system large amounts and subsequent patient anxiety. The use of CT scans also brings

up the risk of repeated radiation exposure, and the increased chances of developing cancer (10).

Additionally, PET scans have a specificity and sensitivity of nearly 90%, but this comes at a cost
of high expense and does not alter the outcome of surgical resection for a high percentage of

patients (26).

Therefore, there is a vital need for development of minimally invasive, cost-effective, easy to
administer and approachable tests that can replace or be used in conjunction with CT scans to

augment their low specificity value.

1.2.4: Lung Cancer Biomarkers

1.2.4.1: Epidermal Growth Factor Receptor (EGFR)

Epidermal Growth Factor Receptor (EGFR) is a transmembrane protein that, when activated,
initiates a signaling pathway that regulates many cell functions such as cell growth, proliferation,

differentiation, and survival (27-29). The main downstream pathways to the EGFR pathway are
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mitogen-activated protein kinases (MAPK), Protein Kinase B (AKT), and c-Jun N-terminal

Kinase (JNK) (30).

Mutations in EGFR has been well documented regarding different types of cancers, specifically
mutations that lead to an overexpression of EGFR and uncontrolled cell division (31), such as
colorectal (32), brain (33), head and neck (34), and others. For lung cancer specifically, in 80%

of SCC cases there is an EGFR mutation (31).

EGFR’s main use regarding lung cancer is in treatment protocols. Specifically, it has become a
target for many drugs, leading to the development of EGFR inhibitors. Specifically, afatinib,
brigatinib, erlotinib, gefitinb and icotinib (35, 36). There has also been development of a vaccine
that targets EGFR mutations in NSCLC through raising antibodies specific to the mutated
protein ensuring it cannot be stimulated (37, 38). Clinical trials separating patients into EGFR-
positive and EGFR-negative groups, as well as pursuing a more specific treatment regime using
EGFR inhibitors has shown a 60% response rate in NSCLC (39). Issues have arisen with the use
of EGR inhibitors as many patients grow resistant to the drugs they are given making it difficult

to control the growth of the malignant tumours over time (39).

1.2.4.2: Kirsten Rat Sarcoma (KRAS)

Kirsten rat sarcoma (KRAS) was identified in the Kirsten rat sarcoma virus, functioning as a
proto-oncogene (40). When this proto-oncogene is activated, it results in a high amount of
growth factor protein recruitment, resulting in overall cell proliferation (41). Mutations in the
KRAS gene have shown implications in many different types of cancer, such as lung

adenocarcinoma, leukemia, pancreatic cancer, and colorectal cancer (42-47).
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In lung cancer specifically, there are not any approved drugs that target KRAS mutations.
However, patients who exhibit both EGFR and KRAS mutations do not show a response to the

drugs erlotinib and gefitinib compared to EGFR-positive patients alone (48-50).

1.2.4.3: Anaplastic Lymphoma Kinase (ALK)

Anaplastic Lymphoma Kinase (ALK) is an enzyme that plays different roles in brain

development and the nervous system (51).

The mutation of ALK has been shown in many different types of cancer, specifically brain,
esophageal, breast, colorectal, lung, and thyroid cancers (52-65). In NSCLC, 3-5% of cases are
due to a gene fusion between ALK and Echinoderm microtubule-associated protein-like 4

(EMLA4) (66).

Development of ALK inhibitors is being investigated, looking particularly at crizotinib, certinib,

and entrectinib in late stage and metastatic lung cancers (67, 68).

1.2.4.4: Autoantibodies

Autoantibodies are antibodies that are produced by patients that target mutated tumour proteins,
and overexpression of these have been shown to occur in different cancers. Research has looked
into the use of several autoantibodies, resulting in an autoantibody signature, looking at cases
versus controls in NSCLC and SCLC. This resulted in a sensitivity of 40% and specificity of

93% in NSCLC and a sensitivity of 55% and specificity of 93% in SCLC (69-73).

1.2.5: Economic Effects of Lung Cancer

Lung cancer places a huge cost on the Canadian economy and healthcare system. The

Conference Board of Canada performed an analysis in 2012 that showed lung diseases (including
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asthma and COPD) cost the government $12 billion a year. A large portion of the cost is due to
the expensive treatments associated with lung cancer and the frequent hospitalizations required
for patients. It is predicted that this cost will double by the year 2030, showing the increasing

pressure for better diagnostics and screening methods for the disease (18).

Overall, it is clear that lung cancer affects the Canadian economy greatly, and a way to decrease
these effects is through early diagnosis of lung cancer for immediate treatment. A screening
method that is reliable and accurate is required for this to be achieved. With early intervention,
there would be fewer false positive diagnoses, thus lower costs to the healthcare system for
surgical biopsies and unneeded treatment, and there would be better survival rates with fewer

repeated hospital stays.

1.3: microRNA

1.3.1: microRNA Background

In 1993, scientists Lee et al. investigated the control of larval development in Caenorhabditis
elegans (C. elegans). They were looking to identify the process involving the inhibition of the
gene /in-14 by another gene, /in-4. lin-14 is a gene that encodes the protein LIN-14 which is
important in the development of the larvae. It is expressed or repressed at different times during
development. /in-4 is a gene that encodes what they thought was a protein that inhibits the
translation of /in-14 gene. However, they discovered instead that a small, non-coding RNA
approximately 22 nucleotides long was being produced. It contained partially complementary
sequences to the /in-14 gene, suggesting that its function is to inhibit the translation of the LIN-
14 protein (74). This was the first discovery of miRNA, although they did not know what the

small protein yet was.
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A few years later in 2000, another group characterized another small RNA, /et-7. They found
that let-7 repressed lin-41 in C. elegans (75). Research continued to show that these RNAs
shared similar characteristics, suggesting that they are all part of a large class of small RNAs
(76). This led to researchers coining the term “miRNA” to describe the newly discovered group.
Further research investigating these small proteins has resulted in over 1000 miRNAs found in

the human genome.

Over time, a miRNA annotation system has been created (77). The most common form seen is
the standard “miR” prefix followed by a dash and a number, referencing that specific miRNA,
for example, miR-21. At times, there are “families” of specific miRNAs, such as when two or
more have nearly identical nucleotide sequences, excluding one or two nucleotides. These are
annotated by adding a lower case letter at the end of the specific miRNA, for example, miR-146a
and miR-146b. To assign a species to the specific miRNA being described, a prefix is added, for
example, hsa-miR-21 for humans. Lastly, when two miRNAs originate from the same pre-
miRNA, they are denoted with a -3p or -5p suffix, establishing which arm they were transcribed

from in the nucleus (77). An example of this is miR-21-3p or miR-21-5p.

1.3.2: microRNA Biogenesis

In the nucleus, RNA polymerase II (Pol II) is a polymerase that binds to a promoter in order to
encode a deoxyribonucleic acid (DNA) sequence. For miRNA, Pol II is the usual suspect for
transcription (78), although RNA polymerase III (Pol III) also transcribes some miRNAs (79).
When the polymerase binds to the promoter to transcribe the miRNA, a hairpin loop pri-miRNA
is encoded. This hairpin is a double-stranded RNA (dsRNA), which can at times contain more

than one miRNA precursor. The pri-miRNA is further recognized by the protein DiGeorge
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Syndrome Critical Region 8 (DGCRS) and the enzyme Drosha. These two proteins associate in
order to form the microprocessor complex. pri-miRNA is recognized by this complex due to its
dsRNA structure, and the complex continues by cleaving the pri-miRNA by cutting the 3° and 5’
ends of the hairpin, resulting in a new structure called pre-miRNA (80, 81), as depicted in Figure

1.3.

Exportin-5, a nucleocytoplasmic shuttler, exports the pre-miRNA out of the nucleus into the
cytoplasm (82). Once the pre-miRNA has exited the nucleus, it is further cleaved by the enzyme
Dicer. This cleavage step results in the miRNA-duplex, which is no longer a hairpin structure.
The duplex has two strands of miRNA, both of which can be used. It is most common that one is
degraded while the other continues to become a mature miRNA (83). In order for the miRNA to
be functional, it must interact with RNA-induced silencing complex (RISC) and Argonaute 2
(Ago2), as noted in Figure 1.3. The miRNA requires these proteins for orientation to its

messenger RNA (mRNA) target (84).

1.3.3: microRNA and Gene Regulation

Overall, miRNAs main function is gene regulation. miRNAs target mRNAs through
complementary nucleotide sequences. RISC and Ago proteins orient miRNAs to their target
mRNAs. This is done by imperfect base pairing in the 3’-untranslated region (3’-UTR) of the
miRNA, leading to translational repression of the mRNA or target degradation via deadenylation

(85-87).

Due to the size of miRNAs compared to mRNAs, some miRNAs have several target mRNAs,

causing great difficulty in identifying all of its targets (87-90). Several attempts to create
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algorithms to identify these targets through base pair matching has shown some success but with

high rates of false positive findings (91-93).

The most established mechanism of miRNA gene regulation is through mRNA cleavage via Ago
proteins. These proteins have small RNA binding modules that allow the miRNAs to attach,

cleave, and deadenylate the mRNAs, overall decreasing their function in the cell (94).

Although there is great difficulty is understanding the exact mechanisms of miRNA and its
targets, there are substantial amounts of research done on its roles in lung cancer, which will be

discussed later in this chapter.

1.3.4: Quantification of microRNAs

The most common way to measure miRNAs is by quantitative reverse transcriptase polymerase
chain reaction (QRT-PCR) and/or RT-PCR analysis (95). It can be measured from many
biological tissues such as blood, sputum, tissue, etc. miRNAs are more sensitive than mRNAs,
and therefore many precautions must be taken to get true measurements of the proteins. First,
miRNAs must be analyzed in a ribonuclease (RNAse) free environment because of its small
nucleotide length, as it is easily degraded. miRNAs are required to be kept on ice to ensure that
there is not further miRNA breakdown. Precautions must also be taken when storing miRNAs. It
is recommended that before miRNAs are isolated from a biological fluid such as blood, it should
be frozen at -80°C as soon as possible (preferably within 4 hours post blood withdrawal) and not
thawed until miRNA isolation is to be performed. Once this has occurred, the isolated miRNAs
can be kept frozen at -80°C to ensure it does not breakdown until qRT-PCR can be performed.
Generally, researchers are advised to keep small volumes of the isolated miRNAs in aliquots to

ensure that there are not repeated freeze-thaw cycles occurring (96, 97).
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Microarrays can also be used to quantify miRNA and work by hybridizing the miRNA with
probes to different targets that the miRNA can attach to. This allows for a relative measurement.
Microarrays allow for hundreds or even thousands of targets to be used in order to measure

miRNA (97, 98).

1.4: Clinical Applications of microRNA

1.4.1: microRNA Dysregulation and Disease

miRNAs have been associated with many diseases when they are dysregulated due to mutations.
Examples of this are hereditary progressive hearing loss (99), hereditary keratoconus (100),
growth defects (101), cardiomyopathies (102-104), cardiogenesis and cardiac conductance (105,
106), heart hypertrophic growth response (107, 108), atherosclerosis (109, 110), and kidney

disease (111).

The first disease associated with miRNA dysregulation was leukemia (112).

Further research has found that many miRNAs have links with other types of cancer when
dysregulated, leading to some being referred as oncomirs (112). miRNA profiling has been
studied for colorectal cancer using blood plasma in early stage patients (113, 114), with specific
miRNAs being associated with specific subtypes (115). miR-21 has also shown interaction with
the tumour repressor gene mitogen-activated protein kinase kinase 3 (MAP2K3), often found in
hepatocellular carcinoma (116), allowing treatment decisions to be made regarding specific gene
mutations. Other miRNAs miR-21, 494, and 1973 may be biomarkers that allow predictions of
disease responses in Hodgkin’s lymphoma when measured in blood plasma (117). Research has

gone into investigating miRNAs and breast cancer, as well. miR-205 has shown to be involved in
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inhibiting metastasis in breast cancer (118) and miRNAs 141, 200a, 200b, 200c, and 429 have

shown to be downregulated in the disease (119).

It has also been shown that miRNAs affect how a cancer develops. This was done through mice
engineering, in which the mice produced excess cellular myelocytomatosis (c-Myc). c-Myc is a
protein that is implicated in many forms of cancer in its mutated form. By producing excess c-
Myc, miRNAs were further measured and compared to how long the mice survived. Mice with
high amounts of miRNAs connected to lymphoma developed the disease faster, as well as died

faster than mice with lower amounts of miRNA (112).

1.4.2: microRNA in Lung Cancer

1.4.2.1: microRNA in Lung Cancer via Sputum

Several studies investigating a range of miRNAs in sputum to differentiate lung cancer from
healthy controls have been performed. These reports have looked at one to several miRNAs at
once, including miR-21, 31, 126, 139, 143, 155, 200b, 205, 210, 372, 375, 429, 486, and 708 (6,
11, 120-127). These early studies resulted in sensitivities ranging from 61.5-100% and

specificities from 80-100%.

But, in these studies many different protocols were used, such as different internal controls, how
lung cancer diagnoses were confirmed, miRNA assays, and if there was utility of training or

validation cohorts. In addition to this, many studies did not have appropriate sample sizes.

From these studies, the miRNAs that are able to differentiate lung cancer patients from healthy
controls were miRNA-21 (121, 124-127), 210 (6, 11, 122, 123, 125-127), 31 (6, 11, 122, 125),

and 155 (121, 126, 127). Consequently, these miRNAs have not been tried together in one
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profile, leading to the need for more investigation into this area. Sputum could be a useful

medium for measuring miRNAs, as expression levels do not change 7 days post collection (11).

1.4.2.2: microRNA in Lung Cancer via Whole Blood

Studies investigating whole blood miRNA profiling in lung cancer is extremely lacking, with
only four studies it total being performed. miR-10b, 21, 190b, 328, 630, 942, and 1284 were
measured in these studies, yielding sensitivities ranging between 70-88%, and specificities

ranging between 76.9-100% (128-131).

Unfortunately, no overlap is found between the studies, as all looked at different combinations of
miRNAs. Also, sample sizes were not sufficient in these studies. miRNA profiling in whole

blood requires much more investigation to ensure validity of results.

1.4.2.3: microRNA in Lung Cancer via Blood Serum

miRNA profiling using serum has been greatly investigated in comparison to other biological
fluids. miR-7, 15b, 20a, 24, 25, 27b, 125a-5p, 125b, 126, 205, 210, 145, 152, 193a-3p, 194,
199a-5p, 214, 221, 222, 223, 320, 483-5p, 574-5p, 652, 660, and 1254 were all found to be
dysregulated when comparing lung cancer patients to healthy controls. Sensitivities in these

studies range from 69-100% and specificities range between 66.4-93.4% (132-141).

There was not coherence between the studies in regards to which miRNAs were investigated,
with no common miRNAs analyzed. Many of the studies show promising results, but there
requires consensus on which miRNAs used in a profile are best able to differentiate lung cancer

patients with healthy controls.

1.4.2.4: microRNA in Lung Cancer via Blood Plasma
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miR-20a, 21, 210, 145, 155, 182, 197, 221, 223, 486-5p, 944, and 3662 were found to be
significantly dysregulated when comparing lung cancer patients with healthy controls in blood
plasma. Sensitivities yielded a wide range between 67-91.7% and specificities between 68-96.6%

(142-150).

There were overlaps found between the studies regarding which miRNAs were investigated, with
miR-21(142, 144, 145, 147, 148), 155 (143, 147), 210 (142, 144), and 486-5p (142, 144) being

the most common miRNAs found to be dysregulated.

As previously stated, much more research is needed in order to validate these results although
they seem promising, similarly to the previous biological fluids. A study that takes the most
significant players when differentiating lung cancer patients from healthy controls is needed to

create a test that can aid in screening the high risk population.

1.5: Thesis Hypotheses

The main hypothesis of this thesis is that the use of miRNA profiling can distinguish early stage
NSCLC from healthy controls using blood plasma. This would distinguish the change of miRNA

levels after lung cancer resection with dependence on cancer recurrence.

The thesis will proceed into chapter 2, where the methodology of the project as well as the
materials used will be thoroughly explained, continuing into chapter 3 to go over the results of
the project. Chapter 4 will follow to discuss the results, as well as the limitations and

implications of the project, and end with conclusions in chapter 5.
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Stage of Patients diagnosed Patients’ 5-year survival

lung cancer according to stage' (%) rates? (%)
la/b 19.1 49/45
Ila/b 5.6 30/31
[1Ia/b 27.4 14/5
v 47.9 1

Table 1.1: Patient Statistics According to Lung Cancer Stage for Diagnosis and S-year
Survival Rates

Rates regarding patient diagnosis according to lung cancer stage and 5-year survival rates. 5-year
survival rates measure the amount of patients with lung cancer that survive 5-years post
diagnosis. There is a noticeable increase in the amount of patients being diagnosed as lung
cancer stages advance, and a corresponding decrease in the patients’ 5-year survival rates.

! Statistics obtained from the Canadian Cancer Society (2016). Rates for stage subtypes not
given.

2 Statistics obtained from the American Cancer Society (2012). Rates for stage subtypes given
and thus separated by a slash.
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Figure 1.1: Types of Lung Cancer

Non-small cell lung cancer (NSCLC) comprises 85-90% of all lung cancers. Subtypes of NSCLC
are adenocarcinoma, squamous cell carcinoma, large cell carcinoma, sarcoma, sarcomatoid
carcinoma, lymphoma and superior sulcus tumours. Cell structure classifications are listed
beneath each subtype. Small cell lung cancer (SCLC) encompasses 10-15% of all lung cancer
cases, with subtypes small cell carcinoma and combined small cell carcinoma.
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# true positives

Sensitivity = — _
# true positives + # false negatives

# true negatives

Specificity = : —
# true negatives + # false positives

Figure 1.2: Sensitivity and Specificity Equations

Sensitivity is a measure for ruling out disease from a population. It is calculated by dividing the
number of true positives by the sum of the number of true positives and false negatives.
Specificity is a measure for ruling in disease from a population. It is calculated by dividing the
number of true negatives by the sum of the number of true negatives and false positives.
Sensitivity and specificity are presented as percentages.
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Figure 1.3: microRNA Biogenesis

miRNA biogenesis starts in the nucleus with RNA polymerase II/III (Pol II/III) binding to the
promotor of a DNA sequence, transcribing a double stranded hairpin loop pri-miRNA. DiGeorge

Syndrome Critical Region 8 (DGCRS) associates with Drosha creating the microprocessor

complex and cleaves the pri-miRNA into pre-miRNA. The pre-miRNA is exported from the
nucleus into the cytoplasm via exportin-5 and cleaved by Dicer, resulting in a miRNA-duplex.
The duplex contains two strands of miRNA, with one commonly being degraded and the other
interacting with an RNA-induced silencing complex (RISC) and Argonaute 2 (Ago2), resulting

in a mature miRNA that can continue its function in the cell.
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Chapter 2: Materials and Methodology

2.1: Experimental Design

2.1.1: Determination of Sample Size

Sample size was determined through the recommendation of a study involving cancer
biomarkers for early stage detection. This study developed statistical guidelines through normal
approximation for 95% confidence intervals and binomial distribution. The authors
recommended that to ensure biases were controlled, the disease required the same control
conditions in the study and the screening populations, and also that the test be based off of a

combination of biomarkers.

The study should use sensitivity and specificity as a means to measure the ability for the
biomarkers to be accurate. Overall, the study recommended a nested case-control analysis

containing 110 controls and 70 cases (151).

In our study, we used 4 miRNAs in combination to detect NSCLC, and these specific biomarkers
have been researched and found to be dysregulated in NSCLC when measured in blood plasma
in previous studies (142-149). Our statistical analysis measured sensitivity and specificity in
addition to a risk score analysis. Lastly, the target screening population for lung cancer are
persons between the ages 55-74 with extensive smoking history that are still smokers or have
quit within the last 15 years, as recommended by the NLST study (23). Our study has attempted
to follow these criteria, as the patients included have extensive smoking history. Due to
availability of samples, some patients were out of the age range previously mentioned, and how

long a patient had been an ex-smoker at the time of sample collection was not known.
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Therefore, in this study 110 controls and 70 cases were included in the analysis.

2.1.2: Determination of microRNAs

2.1.2.1: Previous Experimental Findings

In order to determine which miRNAs were to be included in the analysis, our lab looked at our

past research findings along with current literature.

In a previous study using NSCLC sputum samples, a cluster analysis was performed (126).
Sputum samples were analyzed and qRT-PCR was performed measuring 10 miRNAs in 4
NSCLC cases and 4 controls. miR-21, 92, 143, 145, 155, 182, 205, 210, 372, and let-7a were
measured and through hierarchical clustering, miR-21, 143, 155, 210, and 372 were found to be

significant biomarkers when comparing cases and controls (Figure 2.1) (126).

A following hierarchical clustering analysis with another 24 NSCLC cases and 4 controls was
performed using the 5 significant miRNAs 21, 143, 155, 210, and 372 (126). This analysis found
a sensitivity of 83.3% and specificity of 100% when comparing cases and controls (Figure 2.1).
Despite the significant results, there were still issues with the study. Both analyses contained
patients with early and late stage NSCLC and had small sample sizes. Another issue encountered
was the difficulty in sputum collection. Some samples from patients had little sputum, due to

difficulty coughing up enough sputum for analysis.

Out of the significant miRNAs found in our previous study, miR-21, 155, and 210 had
previously been shown in past literature to be dysregulated in NSCLC using blood plasma, thus

we chose to include these 3 miRNAs in our analysis (142-149). miR-223 was also included, as it
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has also been investigated in previous literature (146, 148, 149), but has not been measured in

conjunction to the other 3 miRNAs in one profile.

2.1.2.2: microRNA 21

In previous literature, miR-21 is one of the most frequently found miRNAs to be dysregulated in
many different cancers. This is likely due to the proteins interaction with the AKT (152-154) and

MAPK (155) pathways.

The AKT pathway is a signal transduction pathway promoting cell survival and growth in
response to extracellular signals. Activation of this leads to cell growth and proliferation (152,
153). miR-21 has been shown to inhibit this activity, and it is hypothesized that decreased

amounts of miR-21 can lead to over activation of the pathway (154).

Activation of the MAPK pathway alters mRNA translation and can activate several transcription
factors, similarly to miRNAs. Although little research has investigated these interactions, there is

hypothesized interactions between miR-21 and the MAPK pathway (155).

Overall, miR-21 has been associated with many cancers including breast, ovary, cervix, colon,

lung, liver, brain, esophageal, prostate, pancreas, and thyroid (156-164).

2.1.2.3: microRNA 155

Research has shown that decreases in miR-155 can trigger oncogenic cascades. For example, a
study showed that tumour protein-53-induced-nuclear-protein 1 (TPS3INP1) is silenced by miR-

155, leading to tumour growth (165).

Despite the minimal research investigating miR-155 as a biomarker in different cancers, studies

have shown it to be dysregulated in thyroid, breast, colon, cervical, and lung cancer (166).
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2.1.2.4: microRNA 210

The specific cellular interactions of miR-210 have been less researched compared to miR-21 and
155. Despite this, miR-210 has been linked to the hypoxia pathway (167) and has been found to

be dysregulated in lung cancer (142, 145).

2.1.2.5: microRNA 223

miR-223 has been shown to be dysregulated in liver, blood, lymphatic, ovarian, and lung cancers
(168-173). Its dysregulation has also been associated with higher tumour burden, disease
aggressiveness, and poor prognosis (169, 170). The specific cellular interactions of miR-223 in

the cell have not been well described.

2.1.3: Determination of Biological Fluid

As previously stated, the sputum miRNA study performed in our lab showed issues with sputum
collection, as many of the samples received would contain mainly saliva, with little to no sputum
tissue (126). Due to this, we looked into the use of a different biological fluids for miRNA
measurement. Blood plasma was ultimately chosen due to a combination of factors. First, blood
plasma has been investigated by many different studies, and has been shown to be a reliable way
to measure miRNA in different types of cancer. Also, when compared to using whole blood, a
very small amount of plasma is required for proper miRNA isolation. Lastly, the availability of
blood plasma in early stage NSCLC was prevalent in tissue banks for the amount of samples

required for our study.

2.2: Acquisition of Samples

2.2.1: Tissue Bank Protocols

28



2.2.1.1: Lung Cancer Biospecimen Resource Network

The Lung Cancer Biospecimen Resource Network (LCBRN) shipped two batches of blood
plasma samples to the University of Alberta. The first contained 20 patient samples (pre-
operative blood plasma, 5-8 month post-operative blood plasma, and tumour tissue) and the
second contained 50 patient samples (pre-operative and post-operative blood plasma). These
samples were collected from the Medical University of South Carolina, the University of

Virginia, and the Washington University in St. Louis and stored at the University of Virginia.

Within 4 hours, blood plasma was collected from the patient and stored in -80°C. All patient
labels were created and attached to blood vacutainer tubes prior to blood collection. After blood
collection, tubes were centrifuged at 1300 x g for 10 minutes at room temperature to separate
blood phases for blood plasma collection. Blood plasma was pipetted into 0.5 mL aliquots and
placed into a -80°C freezer until being sent to the University of Alberta to avoid freeze-thaw

cycles (174, 175).

The collected tumour tissue was frozen within 30-60 minutes after the specimen was removed
from the patient and all sample containers were pre-labelled. Post tumour resection, clinical
personnel obtained tissue samples for histologic quality control. Once histology had been
confirmed, the remaining tissue was sectioned and blotted with tissue to remove excess blood
and bodily fluids. Tissue was subsequently weighed and placed in containers. Then, these
containers were snapped frozen via liquid nitrogen bath for at least 1 minute, then stored in -

80°C (174, 175).

All patient samples were stage I/Il NSCLC with extensive smoking history and no prior history

of cancer.
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2.2.1.2: Conservant Bio

20 blood plasma control samples were sent to the University of Alberta by Conservant Bio,

located in the Hudson-Alpha Institute for Bio-Technology in Huntsville, Alabama.

All blood plasma samples were collected and frozen in -80°C within 2 hours of patient blood
collection. Post blood sample collection, samples were centrifuged at 2000 x g for 15 minutes at
4°C. Plasma was then pipetted and aliquoted into 0.5 mL tubes. Samples were kept frozen until

being sent to the University of Alberta.

All control samples had no history of malignancy, as well as an extensive smoking history.

2.2.1.3: Alberta’s Tomorrow Project

The Alberta’s Tomorrow Project (ATP) is a Canadian database collecting demographic and
biological information on participants, and sent 90 control blood plasma samples to the

University of Alberta for this study.

Blood samples were collected into pre-labelled collection tubes and frozen at -80°C within 2
hours of collection. Prior to the freezing of samples, tubes of blood were centrifuged at 1500 x g
at room temperature for 10 minutes. Blood plasma was pipetted into 1 mL aliquots and put into a

-80°C freezer until being sent to the University of Alberta.

All participants had no past history of cancer, and had an extensive smoking history.

2.2.2: University of Alberta Specimen Storage

All samples received from the LCBRN, Conservant Bio., and ATP were sent via Fedex in

packages filled with dry ice. Upon arrival at the University of Alberta, all packages were opened
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in a sterile virus hood and handled with proper gown and glove protection to ensure safety. All
shipments had dry ice remaining in the packages on arrival. Once packages were opened, all
samples were inspected to ensure that samples did not thaw, spill or have loose lids. Samples
were subsequently stored on the 5 floor in the Katz building at the University of Alberta in -

80°C freezers until specimen analysis occurred.

2.3: microRNA Isolation

2.3.1: Blood Plasma

Blood plasma miRNA isolation was performed on the 5™ floor of the Katz building at the
University of Alberta via recommended instructions supplied by Qiagen’s miRNeasy
Serum/Plasma Kit (Applied Biosystems, USA) inside a sterile virus hood. 6 samples were
analyzed at a time to ensure short wait times between steps. Plasma was retrieved from the -80°C

freezer and thawed using a 37°C water bath for 1-2 minutes.

150 pl of blood plasma was transferred into a 1.5 mL Eppendorf tube followed by the addition of
750 pl of the phenol/guanidine-based QIAzol Lysis Reagent. The tube was capped and vortexed
resulting in a lysate solution allowing removal of genomic DNA to improve efficiency of RNA

extraction. The lysate solution was then incubated at room temperature (22°C) for 5 minutes.

Following incubation, 2.6 ul of synthetic Caenorhabditis elegans miR-39 (cel-miR-39) was
added to the lysate solution as an endogenous spike-in control. Next, 150 ul of chloroform was
added and vortexed into the lysate solution for 15 seconds producing a homogenate followed by

2-3 minutes of room temperature incubation.
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The solution was then centrifuged for 15 minutes at 12,000 x g at 4°C to separate the
homogenate into three phases (Figure 2.2). The top phase is a colourless aqueous liquid that
contains RNA molecules, the middle is a white precipitate phase containing DNA, and the
bottom is a red phase containing proteins. The upper aqueous phase was collected and
transferred to a new, clean Eppendorf tube and the other phases were discarded. The approximate
volume of the upper aqueous phase was 450 pl. 675 ul of 100% ethanol was added and mixed
through pipetting the solution up and down several times. The addition of ethanol provided the

binding conditions for RNA molecules.

miRNA isolation progressed as 700 pl of the upper aqueous and ethanol solution was pipetted
into an RNeasy MinElute spin column (Figure 2.2) and centrifuged at 8000 x g for 15 seconds at
room temperature. The solution was pushed through the membrane on the spin column,
collecting RNA, and the flow-through was collected in a removable column beneath the
membrane. The liquid flow-through was subsequently discarded. The remaining 425 pl of upper
aqueous and ethanol solution was inserted into the same spin column from the previous step, and
again centrifuged to collect RNA on the spin column membrane, discarding the solution flow-

through.

For RNA purification, 700 pul of the guanidinium thiocyanate and ethanol solution Qiagen Buffer
RWT was added onto the spin column. The column was then centrifuged for 15 seconds at 8000
x g and flow-through was discarded. 500 ul of the buffer solution containing ethanol and Qiagen
Buffer RPE was added to the spin column and centrifuged for 15 seconds at 8000 x g followed
by discarding the flow-through. This was done to remove traces of salts from the spin column
and membrane. To finish washing the spin column membrane, 500 pl of 80% ethanol was added

and centrifuged for 2 minutes at 8000 x g and flow-through was discarded. The spin column was
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then placed onto a new, dry and clean bottom flow-through collection column and centrifuged
again at 8000 x g for 5 minutes. This was done to dry the spin column membrane and to avoid

RNA contamination.

In order to collect the RNA contents, the spin column membrane was placed onto a new, labelled
collection tube. 50 ul of RNase-free water was pipetted directly onto the spin column membrane
and centrifuged at full speed for 1 minute. This was repeated, resulting in a total collection of
100 pl of miRNA containing elute. The elute was then stored in a -20°C freezer until qRT-PCR

was performed.

2.3.2: Tumour Tissue

Lung tumour tissue was removed from the -80°C storage and 20 mg was measured for miRNA
isolation, as instructed for such tissue in Qiagen’s miRNeasy Mini Kit (Applied Biosystems,
USA). The 20 mg of tissue was shredded and disrupted through the addition of 700 pl of Qiazol
Lysis Reagent for 40 seconds until the sample was uniformly homogenous. The solution was
then incubated at room temperature (22°C) for 5 minutes to promote the dissociation of
nucleoprotein complexes. This allowed RNA molecules to be available for isolation. After the
addition of 140 pl of chloroform to the homogenous solution, it was vigorously shaken for 15
seconds, followed by room temperature incubation for 2-3 minutes. The solution was then

transferred to a pre-labelled 1.5 mL Eppendorf tube.

The homogenous chloroform solution was centrifuged for 15 minutes at 12,000 x g at 4°C,
resulting in a top, colourless aqueous phase containing RNA molecules, a middle white phase
containing DNA, and a bottom red organic phase containing proteins. 350 pul of the upper RNA

containing phase was collected and transferred into a new collection tube with 525 pl of 100%

33



ethanol followed by mixing through pipetting the solution up and down several times. The

middle and bottom phases were discarded.

700 pl of the aqueous phase and ethanol solution was then pipetted into a spin column and
centrifuged at 8000 x g for 15 seconds at room temperature, passing through the spin column
membrane into the bottom collection tube (Figure 2.2). Flow-through was then discarded. This
was repeated with the other 175 pl and the same spin column. The RNA on the spin column
membrane was then purified by the addition of 700 pl of Qiagen’s Buffer RWT solution, then
centrifuged for 15 seconds at 8000 x g followed by discarding of the flow-through. 500 pul of
Qiagen’s Buffer RPE was added to the spin column and centrifuged for 15 seconds at 8000 x g to
collect salts and wash the spin column and membrane. This was repeated with another 500 ul of
Buffer RPE except for 2 minutes of centrifuge at 8000 x g. After discarding flow-through, the
spin column was centrifuged again for 1 minute at full speed to allow for drying of the

membrane to avoid residual carryover of the previous buffers used to clean the membrane.

A new, pre-labelled collection tube was then placed underneath the spin column and 50 pl of
RNase-free water was added directly onto the membrane, then centrifuged for 1 minute at 8000 x
g. This step was repeated without changing the collection tube, allowing for 100 ul of elute
solution to be collected for subsequent qRT-PCR analysis. Between obtaining the elute and qRT-

PCR, the elute was stored at -20°C.

2.4: Quantitative Reverse Transcriptase Polymerase Chain Reaction (qQRT-PCR) Analysis

qRT-PCR was performed first through RNA reverse transcriptase (RT). The Tagman microRNA

Reverse Transcriptase Kit (Applied Biosystems, USA) and the Tagman microRNA Assay’s
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specific stem-loop primers (Applied Biosystems, USA) were used. Step-loop primers of miR-21,

155, 210, 223, and cel-miR-39 were used for miRNA measurement.

A 96-well RT-PCR plate was prepped for RT reaction. Columns 1 and 12 were left empty, and
each row contained isolated miRNA from 2 patients, resulting in 16 samples being analyzed at
once. Each well contained 2.33 pl of RT Master Mix (0.5 ul of 10x RT Buffer 0.05 ul ANTP
Mix, 0.064 ul of RNase Inhibitor, 0.33 ul of Multiscribe RT, and 1.39 ul of RNase-free water), 1
pl of stem-loop specific miRNA primer (miR21, 155, 210, 223, or cel-miR-39), and 1.67 pl of

isolated blood plasma miRNA elute. Each well contained a total volume of 5 ul (Figure 2.3).

All steps of adding RT Master Mix, miRNA primer, and elute were carried while plates and
materials were on ice. After all RT-PCR plate wells were loaded, the plate was sealed and mixed
through vortexing, then centrifuged down for 2 minutes at 12,000 x g in a suspended-arm
centrifuge. Plates were inspected for air bubbles, and centrifuged again if they had occurred. RT
reaction was done following the manufacturer protocol using the StepOnePlus RT-PCR
Instrument (Applied Biosystems, USA) located on the basement floor at the Cross Cancer
Institute (Edmonton, AB). The plate was incubated for 30 minutes at 16°C, 30 minutes at 42°C, 5
minutes at 85°C, and then held at 4°C until plate was removed from apparatus. RT products were

subsequently stored at -20°C.

When qRT-PCR could begin, the RT product containing plate was removed from the -20°C
freezer and diluted by adding 5 ul of RNase-free water. A new 96-well RT-PCR plate was set up
by adding 10 pl of 1X Tagman Universal PCR Master Mix, 4 ul of RNase-free water, and 1 ul of
stem-loop miRNA specific primer and probe (miR-21, 155, 210, 233, and cel-miR-39) into each

well. 4 ul of the RT dilute from the first plate was then pipetted into the corresponding well of
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the second plate, resulting in a total well volume of 20 pl (Figure 2.3). The RT-PCR plate was
then sealed and vortexed, then centrifuged for 2 minutes at 12,000 x g using a suspended-arm
centrifuge. Plates were inspected for air bubbles, then centrifuged again if they had occurred.
qRT-PCR was performed using a 7900HT Fast Real-Time PCR System (Applied Biosystems,
USA) located on the 3™ floor at the Cross Cancer Institute (Edmonton, AB). The reaction
occurred through an incubation of 10 minutes at 95°C followed by 40 cycles of 95°C for 15
seconds and 60°C for 1 minute. Cycle threshold (Ct) was defined as the number of PCR cycles
required for a fluorescent signal to be higher than baseline variability, determined through

Sequence Detection System (SDS) 2.3 software (Applied Biosystems, USA).

2.5: Statistical Analysis

2.5.1: microRNA Relative Expression Calculation

miRNA relative expression (RQ) was measured through normalizing of the Ct values measured

through qRT-PCR to the cel-miR-39 spiked-in control. This was done by calculating:
RQ = 2%%, where ACt = Ct(miRNA of interest) — Cr(cel-miR-39)

Due to extreme values, which will be discussed in further chapters, RQ values were log

transformed prior to hierarchical clustering and binary logistic regression analysis.
2.5.2: Hierarchical Clustering

Hierarchical clustering was performed using the Statistical Package for the Social Sciences
(SPSS) version 15 software (IBM SPSS Inc., USA). miR-21, 155, 210 and 223 RQ values were

used to evaluate the cases and controls using average linkage and correlation similarity. Cluster
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analysis was performed using the nearest-neighbour method and intervals were measured by

squared Euclidean distance.

2.5.3: Risk Score Analysis via Binary Logistic Regression

Binary logistic regression was performed using the SPSS (version 15) software (IBM SPSS Inc.,
USA) to develop a combined risk score (CRS) in order to determine a patients risk of having
lung cancer. Receiver operating curve (ROC) analysis was used to determine risk category cut-
off values based off of sensitivity and specificity. The cut-off value was then used to dichotomize
a patients’ CRS in high and low risk categories of having lung cancer. Probabilities were
calculated as an odds ratio (OR) to portray the probable risk of having lung cancer if a patient

has a risk score above the cut-off value.

A combined risk score is calculated as:

CRS = (ORmir-21)(RQmir-21) £ (ORmir-155)(RQmir-155) £ (ORmir-210)(RQmir-210) £

(ORmir-223)(RQmir-223)

CRS for an individual patient is calculated through substituting their specific RQ for each
miRNA measured through qRT-PCR. The product of the OR and RQ are either added to the
CRS because they are upregulated in cases compared to controls or are subtracted from the CRS

because they are downregulated in cases compared to controls.
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Figure 2.1: Non-Small Cell Lung Cancers (NSCLC) microRNA Hierarchical Clustering
Analysis in Sputum

A) Dendogram from hierarchical cluster analysis of 4 NSCLC cases and 4 controls using the
miRNAs 21, 92, 143, 145, 155, 182, 205, 210, 372, and let-7a using sputum.

B) Dendogram from hierarchical cluster analysis in sputum using miR-21, 143, 155, 210 and 372
were measuring again in another 24 NSCLC cases and 4 controls demonstrating two clusters of
samples that are NSCLC positive and NSCLC negative.

* These images were originally published by Roa et al. (126).
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Figure 2.2: microRNA Isolation: Homogenate Phases and Spin Column Diagram

A) Diagram depicting the phases after homogenate is centrifuged for 15 minutes at 12,000 x g at
4°C. Top, clear aqueous phase contain RNA molecules. Middle, white precipitate phase contains
DNA. Bottom, red phase contains organic proteins. Top phase is collected for miRNA isolation

and other phases are discarded.

B) RNeasy MinElute spin column. Liquids are loaded into the spin column, which is placed on
top of the collection tube before centrifuge occurs.

C) RNeasy MinElute spin column. After centrifuge occurs, liquid has passed through the spin
column membrane, emptying into the collection tube underneath. Liquid is then discarded from
the collection tube, and placed back underneath the spin column.
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Figure 2.3: Quantitative Reverse Transcriptase Polymerase Chain Reaction (QRT-PCR)
Plate Setup

RT reaction: Columns 1 and 12 were not used. Each row contained isolated miRNA from 2
patients (example, row A in column 2-6 contained elute from one patient and elute from another
patient in row A, columns 7-11). Each well had a total volume of 5 ul comprised of 2.33 ul of
RT Master Mix (0.5 pl of 10x RT Buffer 0.05 pl ANTP Mix, 0.064 pl of RNase Inhibitor, 0.33 pl
of Multiscribe RT, and 1.39 pl of RNase-free water), 1 ul of stem-loop specific miRNA primer
(miR-21, 155, 210, 223, or cel-miR-39), and 1.67 pul of isolated blood plasma miRNA elute.

qRT-PCR reaction: Columns 1 and 12 were not used. RT reaction products were taken and
inserted into the qRT-PCR plate corresponding to each well. Each well had a total volume of 20
pl containing 10 pl of 1X Tagman Universal PCR Master Mix, 4 pul of RNase-free water, 1 pl of
stem-loop miRNA specific primer and probe (miR-21, 155, 210, 233, and cel-miR-39), and 4 ul
of the RT products.
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Chapter 3: Results

3.1: Demographics

3.1.1: Patient Demographic Overview

Patient demographics were organized into cases and controls (Table 3.1). In total, there were 179
patients in the study, with 69 cases and 110 controls (before exclusion). Age was compared by
finding the median and range with 61 (range=36), and 63 (range=34) for cases and controls,
respectively. Gender representation in the sample set shows that there is a higher amount of
males than females in the cases group, with 43 males (62.3%) and 26 females (37.7%), than the

controls group, as it has an even ratio of males and females.

Smoking status was similar across the two groups, with 22 (31.9%), and 42 (38.2%) patients
being current smokers at time of diagnosis and sample retrieval in cases and controls,
respectively. Smoking history was measured through pack-years, and the resulting calculations
showed a higher smoking history average in the cases group with a mean 53.5 pack-years

(standard deviation (SD)=31.9), in comparison to 30.8 pack-years (SD=10.8) in controls.

Focusing in on the cases group, there were three categories separating the patients according to
tumour histology. 34 (49.3%) patients had AC, 31 (44.9%) had SCC, and 4 (5.8%) were put
together into the “other” category. This last category has a case of AC with mixed features,

adenosquamous carcinoma, BAC, and non-small cell carcinoma.

Each case was also categorized according to stage, through both the overall stages (I-1V) and the
tumour, lymph node, and metastasis (TNM) classification of malignant tumours. In overall

staging, the patients most common stages were IA and IIA with 25 (36.2%) and 19 (27.5%)
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patients, respectively. Stages IB and IIB had 13 (18.8%) and 12 (17.4%) patients, respectively.
Using TNM staging, the group was distributed into 8 groups: T1aNOMO, T1aN1MO0, T1bNOMO,
T1bN1MO, T2aN1MO0, T2bNOMO, T2bN1MO, and T3NOMO. 17 (24.6%) patients were in the
group T1aNOMO, 1 (1.4%) in T1aN1MO, 8 (11.6%) in TIbNOMO, 4 (5.8%) in TIbN1MO, 24
(34.9%) in T2aN1MO, 5 (7.2%) in T2bNOMO, 1 (1.4%) in T2bN1MO, and 9 (13.1%) patients in

the T2NOMO group.

A mean of 3.67 cm (SD=2.58) was found when looking at the greatest dimension of tumour in
the cases group. Then, using the mean tumour dimension, patients were split into two groups of
tumour size. The first group being less than 3.7 cm with 44 (64.7%) patients and the second

being greater than or equal to 3.7 cm with 24 (35.3%) patients.

The average amount of time in months for the post-operative plasma collection was 6.43 months
(SD=1.56). Subsequently, the cases were separated again into two groups with less than 6
months post-operative plasma collection being only 18 (26.1%) patients and greater than or equal

to 6 months having a large proportion with 51 (73.9%) patients.

Lastly, patients were separated into two groups depending on if recurrence of cancer had
occurred at the time of the post-operative plasma sample collection. Only 8 (11.6%) of patients
had recurrence, with 2 having recurrence in the lung and the other 6 in different regions ranging

from the brain, liver and colon.

3.1.2: Demographic Comparison of Pre-operative and Post-operative Cases versus Controls

In total, 64 cases (Table 3.2) and 110 controls (Table 3.3) were included in the statistical analysis
when comparing the cases pre-operative plasma samples to controls. 5 cases were excluded in

the pre-operative samples group due to the cel-39 spiked-in control not being detectable after
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performing qRT-PCR, thus miRNA levels were not able to be normalized. These pre-operative
cases were W0044, V0231, V0275, V0170, and V0166 (Table 3.2). An additional 4 cases were
excluded in the post-operative samples group due to the same cel-39 issue. These post-operative
cases were S0093, V0197, V0158, and S0172 (Table 3.2). In total, 110 controls, 64 pre-operative

cases, and 60 post-operative cases were included in the analysis.

There was an even gender ratio in the control group with 55 females and 55 males, but due to the
limitations of early-stage NSCLC patient supplies, the tissue banks that provided the cancer
samples sent an uneven gender ratio. For the pre-operative cases group there was 25 females
(39.1%) and 39 males (60.9%), and for the post-operative cases group there was 22 females

(36.7%) and 38 males (63.3%) Included in the analysis (Table 3.4).

Regarding age, the controls had a mean age of 61.4 years (SD=7.95), the pre-operative cases had
a mean age of 62 years (SD=7.76) and the post-operative cases had a mean age of 62.1 years
(SD=7.9). For smoking history the 110 controls had a lower mean of 30.98 pack-years
(SD=10.84) when compared to the 62 pre-operative cases with a mean of 51.5 pack-years
(SD=29.46) and the 58 post-operative cases with a mean of 51.69 pack-years (SD=27.91), as two

patients’ smoking history was not known (Table 3.4).

3.1.3: Demographic Comparison of Post-operative Sample Recurrence versus No

Recurrence

Out of the 60 post-operative samples that were used in the analysis, 52 (86.7%) did not have
recurrence of cancer while 8 (13.3%) did have recurrence of cancer (loco-regional or distant
metastasis). When comparing gender ratios according to recurrence, there was a much larger

disparity in gender for the recurrence group, with 1 female (12.5%) and 7 males (87.5%)
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compared to the non-recurrence group with 21 females (40.4%) and 31 males (59.6%) (Table

3.4).

Post-operative cases without recurrence had a mean age of 62.42 years (SD=7.76) while cases
with recurrence had a mean age of 59.88 years (SD=8.42). Smoking history calculations
produced an average pack-years of 48.61 (SD=26.74) for cases without recurrence and 74.14
(SD=25.86) for cases with recurrence (smoking history was available for 51 non-recurrence

cases and 7 recurrence cases) (Table 3.4).

3.2: Binary Logistic Regression Risk Score Analysis

The spiked-in control cel-39 was quantified through qRT-PCR and measured as a Cr value
(Table 3.5). The mean Ct measurements for the control group were 28.89 (SD=3.31), 29.21

(SD=5.68) for the pre-operative group, and 28.28 (SD=4.8) for the post-operative group.

After the RQ for all miRNAs for all samples were calculated, logistic regression was not
successful in finding statistical significance using all different combinations of miRNAs. With
extreme values affecting the data (see Tables 3.5 and 3.6), RQ was log transformed to assist in
analysis without exclusion of any miRNA RQ measurements. Following this, logistic regression
was successfully performed with statistically significant results using all 4 miRNAs in one

profile.

3.2.1: Pre-operative Cases versus Controls

When comparing pre-operative cases with controls, the ROC analysis gave an area under the
curve (AUC) of 72.3% (95% confidence interval (C.1.)=(0.641, 0.805)) and was subsequently

used to create an RQ cut-off point of -0.4169 (Figure 3.1). Binary logistic regression was
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performed and yielded a statistically significant OR of 3.000 (p-value=0.003, 95% C.1.=(1.440,
6.249)) (Table 3.7). Thus, samples with a combined miRNA RQ above the -0.4169 cut-off value
are 3.000 times more likely to be a case than a control. Sensitivity and specificity were also

calculated comparing pre-operative cases to controls resulting in 81% and 41%, respectively.

Binary logistic regression analysis was conducted comparing gender, smoking status, and age
between the pre-operative cases and controls using the same cut-off point as above to look for
confounding factors or bias in these parameters. Age was dichotomized into two groups, the first
being less than 62 years of age and the other being greater than or equal to 62 years of age. This
was done using the whole sample size (110 controls versus 69 cases) as well as the sample size

included in the analysis (110 controls versus 64 cases).

Using the entire sample size, comparing gender between the two groups yielded an OR of 1.654
(p-value=0.108, 95% C.1.=(0.895, 3.055)). The same was done comparing ex-smokers to current
smokers giving an OR of 1.288 (p-value=0.436, 95% C.I=(0.681, 2.437)) as well as age giving

an OR of 1.430 (p-value=0.248, 95% C.1.=(0.780, 2.624)) (Table 3.8).

Comparatively, using only the cases and controls included in the final analysis, comparison of
the pre-operative cases and controls gender resulted in an OR of 1.553 (p-value=0.184, 95%
C.1.=(0.811, 2.972)). For smoking status and age, the analysis gave an OR of 1.424 (p-
value=0.331, 95% C.1.=(0.699, 2.902)) and an OR of 1.386 (p-value=0.341, 95% C.1.=(0.707,

2.718)), respectively (Table 3.9).

3.2.2: Post-operative Cases versus Controls

An ROC analysis between post-operative cases and controls gave an AUC of 67.0% (95%

C.1.=(0.577, 0.763)), yielding a cut-off point of -0.3255 (Figure 3.1). This cut-off point was
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subsequently used in the binary logistic regression analysis giving a statistically significant OR
of 2.275 (p-value=0.023, 95% C.1.=(1.120, 4.621)) (Table 3.7). Therefore, samples with a

combined miRNA RQ above the -0.3255 cut-off value are 2.275 times more likely to be a case
than a control. Further calculations were done yielding a sensitivity and specificity of 77% and

41%, respectively.

Binary logistic regression was again performed comparing gender, smoking status, and age,
similarly as the previous pre-operative case versus control analysis. Tests were done comparing
these possible confounding factors using the whole sample size (110 controls versus 69 cases)
(Table 3.8) as well as the samples included in the analysis (110 controls versus 60 cases) (Table

3.9).

With the entire sample size, binary logistic regression yielded an OR of 1.654 (p-value=0.108,
95% C.1.=(0.895, 3.055)), 1.288 (p-value=0.436, 95% C.1.=(0.681, 2.437)), and 1.430 (p-
value=0.248, 95% C.1.=(0.780, 2.624)) comparing gender, smoking status, and age, respectively

(Table 3.8).

In comparison, using binary logistic regression on only the patients in the analysis gave an OR of
1.824 regarding gender (p-value=0.078, 95% C.1.=(0.936, 3.555), an OR of 1.925 regarding
smoking status (p-value=0.084, 95% C.1.=(0.916, 4.047), and an OR of 1.532 regarding age (p-

value=0.225, 95% C.1.=0.769, 3.050) (Table 3.9).

3.2.3: Pre-operative Cases versus Post-operative Cases

Separate analyses were done to compare pre-operative to post-operative cases. The first uses all
64 pre-operative cases and all 60 post-operative cases, regardless of cancer recurrence. The cut-

off point of -0.7277 was determined through ROC analysis with an AUC value of 52.4% (95%
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C.1.=(0.421, 0.627)) (Figure 3.1). This cut-off value was used in the binary logistic regression
analysis yielding a statistically insignificant OR of 1.204 (p-value=0.718, 95% C.1.=(0.441,

3.287)) (Table 3.7).

The second set of analyses takes into account specific patients that did or did not have cancer
recurrence. 8 patients had cancer recurrence and collectively the pre-operative and post-operative
combined miRNA RQ values were compared using binary logistic regression. The 7 pre-
operative and 8 post-operative samples gave a cut-off point of -1.2541 through ROC analysis and
an AUC value of 53.6% (95% C.1.=(0.228, 0.843)) (Figure 3.2) and consequently a statistically
insignificant OR of 2.500 (p-value=0.403, 95% C.1.=(0.292, 21.399)) (Table 3.7). When looking
at the 57 pre-operative cases and 52 post-operative cases of patients that did not have cancer
recurrence, a cut-off point of -0.6350 was determined via ROC analysis and an AUC value of
53.1% (95% C.1.=(0.421, 0.641)) (Figure 3.2). Thus, giving a statistically insignificant OR of

1.410 (p-value=0.624, 95% C.1.=(0.357, 5.559)) (Table 3.7).

3.3: Hierarchical Clustering Analysis

Both before and after the log transformation of all miRNA RQ values, hierarchical clustering
analysis did not yield any significant results. All different combinations of miR-21, 155, 210, and

223 were tried, as well as each miRNA on its own.

3.4: Tumour Tissue Analysis

The 20 NSCLC cases that had accompanying tumour tissue samples were not compared to their
partnered blood plasma samples, as previously planned. Due to the difference in miRNA
isolation protocols, miRNA RQ’s could not be compared between the two tissue types. The

plasma miRNA isolation protocol uses cel-39 as its spiked-in control, while the tumour miRNA
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isolation protocol does not. Thus, it was decided to not perform qRT-PCR on the tumour tissue

and subsequent statistical analysis.
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Characteristics Cases, n=69 Controls, n=110
Age, years

Median [range] 61 [36] 63 [34]
Gender, n [%]

Female 26 [37.7] 55 [50]

Male 43 [62.3] 55 [50]
Smoking status, n [%]

Yes 22 [31.9] 42 [38.2]

No 47 [68.1] 68 [61.8]
Smoking history', pack-years

Mean [SD] 53.5[31.9] 30.8 [10.8]
Tumour histology?, n [%]

Adenocarcinoma 34 [49.3]

Squamous cell carcinoma 31 [44.9]

Other 4 [5.8]
Stage (I-IV), n [%]

1A 25 [36.2]

IB 13 [18.8]

1A 19 [27.5]

1B 12 [17.4]
Stage (TNM)?, n [%]

T1aNOMO 17 [24.6]

T1aN1MO 1[1.4]

T1bNOMO 8[11.6]

T1bN1MO 4[5.8]

T2aN1MO 24 [34.9]

T2bNOMO 5(7.2]

T2bN1MO 1[1.4]

T3NOMO 9[13.1]
Tumour size* (cm), mean [SD] 3.67 [2.58]

<3.7,n[%] 44 164.7]

>3.7,n [%] 24 [35.3]
Post-operative collection (months), mean [SD] 6.43 [1.56]

<6,n [%] 18 [26.1]

>6,n [%] 51[73.9]
Cancer recurrence, n [%]

No 61 [88.4]

Yes 8[11.6]
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Recurrence location® (n=8), n [%]
Lung 2 [25]
Other 6 [75]

Table 3.1: Patient Demographics and Other Baseline Characteristics

Information included provided by the Lung Cancer Biospecimen Resource Network, Conservant
Bio, and Alberta Tomorrow Project. Tumour size is represented as the greatest dimension of the
mass.

! Two cases were smokers but did not have smoking history provided.

2 “Other” category for tumour histology contains one case of adenocarcinoma mixed features,
adenosquamous carcinoma, bronchioalveolar carcinoma, and non-small cell carcinoma.

3 One case was categorized as TINIMO and two other cases were categorized as T2NOMO, with
no specification on T subtypes a or b, thus they were added to T1IbN1MO and T2bNOMO,
respectively.

* One case did not have a given greatest dimension of tumour mass value.

> Other cancer recurrence locations present with metastasis to the brain, liver, or colon.

(SD, standard deviation; TNM, tumour, lymph node, and metastasis classification of malignant
tumours).

50



Sample
ID
S0014

S0025
S0027
S0030
S0031

S0036
S0043
S0084

S0090

S0092
S0093
S0097
S0112

S0135

S0168
S0172

S0177
S0186

S0195
V0015

V0021

V0031
V0041

V0056
V0070

V0077
V0096

Gender
Male

Male
Male
Female
Female

Male
Male
Male

Female

Female
Male

Female
Female

Male

Male
Female

Male

Female

Male
Male

Female

Female
Male

Male

Male

Male
Male

Age
(years)
66

70
74
58
74

74
54
49

60

62
55
64
74

61

65
68

75
67

69
62

61

56
61

59
54

75
60

Smoking
Status

Current

Ex
Ex
Ex
Ex

Ex
Current
Current

Ex

Ex
Current
Ex
Ex

Current

Current
Ex

Ex
Ex

Ex
Ex

Current

Ex
Current

Ex
Current

Ex
Current

Smoking
History
(Pys)

20

50
105
66
32

60
40
32

20.5

30

10.5
40

22

47

90
40

40
40

102

40
46

100
Unknown

100
88

51

Tumour
Histology
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
- Mixed features
Squamous Cell
Carcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Squamous Cell

Overall
Stage
1IB

ITA
IA
IA
ITA

IB
IIA
IA

1B

IIB
1B
IA

ITIA

ITA

1B
IA

IA
1B

1B
IA

IA

ITA
IIB

ITA
1B

1B
ITA



V0097

V0101
V0116
V0128
V0129
V0141

V0151
V0155

V0158

V0166

V0170
V0173
V0180
V0195

V0197
V0206

V0211
V0213

V0229
V0231

V0233
V0241
V0245

V0253
V0263
V0269

V0275

W0002
W0030

Male

Female
Male
Female
Male
Male

Male
Male

Female

Male

Male
Female
Female
Male

Female
Male

Male

Male

Male
Female

Female
Male
Male

Male
Female
Female

Male

Female
Male

61

72
69
72
65
67

62
62

60

55

68
51
66
54

58
52

68

56

69
55

60
75
58

58
57
74

67

59
54

Ex

Ex
Ex
Ex
Ex
Ex

Current
Ex

Current

Current

Ex
Current
Current
Ex

Ex
Ex

Ex

Current

Ex
Current

Current
Ex
Ex

Ex
Ex
Ex

Ex

Ex
Ex

60

50
70
40
40
40

90
42

120

60

168

55
40

60
72

30

40

50
28

10
80
57

66
60
50

45

35
35

52

Carcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma

Adenocarcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Bronchioalveolar
Carcinoma
Non-small Cell

1B

IA
ITIA
IA
IA
ITA

ITIA
IB

IA

IIA

IIB
IA
IA
1B

IA
IA

IA

1B

1B
ITA

IA
I1B
1B

IA
IA
ITA

ITA

IA
ITA



W0039
W0042
w0044

W0047
WO0052
W0093

WO0109
WO0137
WO0164

WO0189
W0200

WO0230
w0270

Male
Female
Female

Female
Male
Female

Male
Male
Female

Male
Male

Male
Male

TNM
Stage
T3NOMO
TINIMO
T1aNOMO
T1aNOMO
T2aN1MO
T2aNOMO
T2aN1MO
T1aNOMO
T2aNOMO
T3NOMO

T3NOMO

T1aNOMO
T2aN1MO
T2aN1MO
T2aNOMO

T1aNOMO
T1bNOMO

58
65
56

57
63
68

39
47
52

61
64

49
58

Tumour
Size (cm)
7.8
Unknown
1.5

2

1.4

1.2

6

7.9

3

1.7

6.4
1.1
3.7
3.4
10.6

2.6
2.1

Ex
Ex
Current

Ex
Ex
Ex

Ex
Current
Current

Ex
Current

Ex

Ex
Post-op
Sample
Collection
(Months)

7

7
7
5
5
6
5
4
7
8

BN REo NEN REN|

(o)W

30
Unknown
80

120
100
20

20
111
30

67.5

40

14.5
78

Recurrence
No
No
No
Yes
No
No
No
No
No
No

No
No
No
No
No

No
No

53

Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Adenocarcinoma
Adenocarcinoma
Adenosquamous
Carcinoma
Adenocarcinoma
Adenocarcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Squamous Cell
Carcinoma
Adenocarcinoma

Recurrence Site

Brain

IB
1IB
IA

ITIA
IB
ITIA

IIB
IIA
IB

IA
IIB

IA
IA

Included
in
Analysis!
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Pre-op
only
Yes
Yes
Yes
Yes
Pre-op
only
Yes



T2aNOMO
T3NOMO

T1bNOMO
T1aNOMO
T2aN1MO
T2bN1MO
T1bNIMO

T2aNOMO
T3NOMO

T2aN1MO
T2aNOMO
T1aNOMO
T1aN1IMO
T1aNOMO
T1bNOMO
T2bNOMO
T1bN1MO
T2aNOMO

T1aNOMO
T2aN1MO
T2NOMO

T1aNOMO
T1aNOMO
T2aNOMO

T1aNOMO
T1bNOMO
T1aNOMO
T2aNOMO
T2aNOMO

T2aN1MO
T1bNOMO
T3NOMO

T3NOMO

T1aNOMO
T1bNOMO
T2aN1MO
T1bN1MO
T1bNOMO

23
6.9
2.6
1.5
3.8
3.5
2.5

3.2
6.1
24

1.2
2.6
2.6
2.6

8.2
1.2

1.8
3.1
8.8
0.8
0.9
3.2

3.2

9.6
4.8
0.8
1.3
1.5
3.2

2.4

~N 0 3 \C O

—
S

NRENEENEENEEN R REN e NN
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Lung,
Yes mediastinum

Yes Lung, chest wall

Yes Colon
Yes Brain

Yes Liver
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Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Pre-op
only
No
No
Yes
Yes
Yes
Pre-op
only
Yes
Yes
Yes
Yes

No

Yes
Yes
Yes
Yes
Yes
Yes
No

Yes



WO0030  T2bNOMO 5.2 4 No Yes
W0039 T2aNOMO 6 5 No Yes
WO0042  T2NOMO | 4.2 6 No Yes
W0044 TIbNOMO 2.8 4 No No

W0047 T2aN1IMO 4.6 4 No Yes
WO0052 T2aNOMO 4.4 5 No Yes
W0093 T2aNIMO 1.9 10 No Yes
WO0109 T3NOMO 7 6 No Yes
WO0137  T2bNOMO 3.9 4 Yes Brain Yes
WO0164 T2aNOMO 1.7 5 No Yes
WO0189 ' T1aNOMO 0.7 5 No Yes
W0200 T3NOMO 11.8 6 Yes Liver Yes
W0230 TI1aNOMO 8.4 4 No Yes
WO0270 | T1aNOMO 1.2 5 No Yes

Table 3.2: Patient Specific Demographics for Cases

Information included provided by the Lung Cancer Biospecimen Resource Network, Conservant
Bio, and Alberta Tomorrow Project. Tumour size is represented as the greatest dimension of the
mass. Each patient gave a blood plasma sample pre-operatively and post-operatively. Note that
underlined sample ID’s are patients not included or partially included in the analysis.

! Specifications on which patients samples were included in study. Yes means both pre-operative
and post-operative plasma samples were kept in the final analysis. Pre-op only does not have the
patients corresponding post-operative sample included. No has neither pre nor post-operative
included.

(pys, pack-years; TNM, tumour node metastasis).
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Smoking  Included

Sample Age Smoking History | in
ID Gender (years)  Status (pys) Analysis
Cl Female 64 Ex 24 Yes
C10 Female 60  Current 24 ' Yes
C100 Male 57 Current 243 Yes
C101 Female 58  Ex 28  Yes
C102 Male 70  Ex 40  Yes
C103 Female 59 Ex 31 Yes
C104 Male 72 | Current 42.6 Yes
C105 Male 56 ' Current 30.4  Yes
C106 Male 59 Ex 24 | Yes
C107 Male 58  Ex 22.8  Yes
C108 Male 49  Current 31 | Yes
C109 Female 61 Ex 25 | Yes
Cl1 Male 65  Ex 44  Yes
C110 Male 72 | Ex 57  Yes
Cl12 Female 74 | Current 15 Yes
Cl13 Female 51 Ex 17  Yes
Cl4 Male 51 Ex 25  Yes
Cl15 Male 65  Ex 22.5  Yes
Cl6 Male 68 Ex 20  Yes
Cl17 Female 52  Ex 30  Yes
Cl18 Female 52  Ex 54 | Yes
C19 Male 57  Ex 20  Yes
C2 Female 65  Ex 25  Yes
C20 Male 63  Ex 30  Yes
C21 Male 73 | Ex 30.4 | Yes
C22 Female 68 | Ex 27.6 | Yes
C23 Male 62 Current 27.6 Yes
C24 Female 71 | Ex 25.1 | Yes
C25 Male 70  Ex 23  Yes
C26 Female 69 | Ex 37.2 | Yes
C27 Female 62 Current 31.1  Yes
C28 Female 68  Ex 25.8  Yes
C29 Male 70  Ex 28 Yes
C3 Female 52  Ex 54 | Yes
C30 Male 70  Ex 32 Yes
C31 Male 61 Ex 26.6  Yes
C32 Male 68 Ex 26.6 Yes
C33 Male 52 ' Current 30  Yes
C34 Female 58 ' Current 39 Yes
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C35
C36
C37
C38
C39
C4

C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C5

C50
C51
C52
C53
C54
CS55
C56
C57
C58
C59
C6

C60
C61
C62
C63
Co4
C65
C66
Co67
C68
C69
C7

C70
C71

Male
Male
Female
Male
Male
Male
Female
Female
Female
Male
Male
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female
Female
Male
Female
Female
Female
Female
Male
Female
Male
Female
Male
Male
Male
Female
Male
Female
Male
Female
Male

68
60
71
59
68
53
48
65
66
64
71
66
74
61
51
50
69
73
53
47
65
63
67
53
64
61
48
66
74
62
53
67
70
61
65
51
56
64
67
65
63

Ex
Current
Ex
Current
Ex
Current
Current
Ex
Current
Current
Current
Ex
Current
Ex
Current
Current
Current
Ex
Current
Current
Current
Ex
Ex
Current
Ex
Current
Ex
Ex
Ex
Current
Ex
Ex
Ex
Ex
Ex
Ex
Ex
Ex
Current
Ex
Ex

28.2
24
23

30.4

35.2
30

16.8
24
45
16
33

31.9
41
45
18

22.8
20
24
21
35
30
51

22.8
36
24
45
28
50
16

16.8
35
49
33
40
35

21.3
26
28
20
30
64

57

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes



C72 Female 70 | Current 19.6 | Yes

C73 Male 51 | Current 49  Yes
C74 Female 63 Current 43 | Yes
C75 Female 60  Current 319  Yes
C76 Male 46 Current 25 Yes
C77 Female 62  Ex 29  Yes
C78 Female 42  Ex 23  Yes
C79 Female 52 ' Current 28  Yes
C8 Male 76 Ex 15 Yes
C80 Female 49 | Ex 25  Yes
C81 Male 51 Ex 29 Yes
C82 Female 46  Ex 30  Yes
C83 Female 63 Ex 35 Yes
C84 Female 67 | Current 35.7 | Yes
C85 Female 60 Current 17.6  Yes
C86 Female 57 ' Current 42  Yes
C87 Female 48  Current 22.8  Yes
C88 Male 65  Ex 38  Yes
C89 Male 74 | Ex 294 Yes
c9 Male 67 Current 49 | Yes
C90 Female 52 | Current 27  Yes
Ca1 Male 57 | Current 21.4 | Yes
C92 Male 62  Ex 44  Yes
C93 Female 64 | Ex 25.1 | Yes
C94 Female 63 Ex 30 Yes
C95 Male 71 | Ex 74.2 | Yes
C96 Female 56 Ex 25.8  Yes
Cc97 Female 63  Ex 50.4 | Yes
C98 Male 48  Current 32 | Yes
C99 Male 73 | Ex 25  Yes

Table 3.3: Patient Specific Demographics for Controls
Information included provided by Conservant Bio, and Alberta Tomorrow Project.

(pys, pack-years)
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Smoking history

# Samples Female, n Male, n Age, mean | in pys, mean
Included | [%] [%o] [SD] [SD]!
Pre-op 64 25[39.1] 39[60.9] 62[7.76] 51.5[29.46]
Post-op 60 22 [36.7] 38 [63.3] | 62.08 [7.9]  51.69[27.91]
Controls 110 55 [50] 55 [50] 61.4[7.95] 30.98[10.84]
Post-op without
recurrence 52 | 21 [40.4] 31[59.6] | 62.42[7.76] 48.61[26.74]
Post-op with
recurrence 8 1[12.5] 7 [87.5] 8.42 [59.88] 74.14 [25.86]

Table 3.4: Demographic Comparison of Pre-operative, Post-operative, Controls, and
Recurrence State Included in Analysis

Information included provided by the Lung Cancer Biospecimen Resource Network, Conservant
Bio, and Alberta Tomorrow Project.

! Two cases are not known for the pre-operative and post-operative groups, and one for the
control, recurrence, and no recurrence groups for smoking history.

(SD, standard deviation; pys, pack-years; pre-op, pre-operative; post-op, post-operative).
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Sample  Pre-op/ Control Cr RQ RQ RQ RQ

ID Post-op | (cel-39) miR-155 | miR-21 miR-210 miR-223
S0014 Post 3.71E+01 = 9.18E+00 4.20E+01 | 1.08E+01 | 3.24E+02
S0014 Pre 3.93E+01 3.98E+00  1.09E+01 | 2.81E+02
S0025 Post 2.55E+01 8.96E-04  2.10E-02 1.32E-03 9.29E-02
S0025 Pre 3.58E+01 5.81E-01 | 1.42E+01 5.68E-01 1.01E+02
S0027 Post 3.61E+01 9.78E-01 = 1.52E+00 | 4.19E+01
S0027 Pre 3.60E+01 @ 5.39E+00 | 7.22E+01 @ 3.14E+00 1.09E+03
S0030 Pre 3.41E+01 8.41E-01 = 1.20E+01 3.30E-01  1.09E+02
S0030 Post 2.61E+01 1.47E-03 3.47E-02 1.13E-03 1.11E-01
S0031 Pre 3.60E+01 @ 2.16E+00 3.70E+01 | 1.62E+00 | 2.81E+02
S0031 Post 2.96E+01 1.27E-02 3.13E-01
S0036 Post 2.82E+01 1.14E-02 | 2.10E-02 | 2.27E-03 | 1.87E+00
S0036 Pre 3.51E+01  1.12E+00 = 4.70E+00 | 5.11E-01 | 3.80E+01
S0043 Post 2.59E+01 1.83E-03 3.84E-02  5.25E-04 1.24E-01
S0043 Pre 3.49E+01 6.54E-01  8.43E+00 | 2.30E-01  6.05E+01
S0084 Post 2.52E+01 5.98E-03 = 2.38E-02  3.36E-03  4.76E-01
S0084 Pre 3.54E+01 1.39E+00 @ 5.55E+00 | &.78E-01 | 3.30E+01
S0090 Pre 3.95E+01 1.25E+01 1.13E+01 4.44E+00 9.74E+03
S0090 Post 3.67E+01 @ 2.38E+00 = 1.52E+00 9.38E+00
S0092 Post 3.49E+01 2.34E-01 2.42E-01 3.96E+01
S0092 Pre 3.84E+01 @ 1.47E+00  1.68E+00 1.24E+03
S0093 Pre 3.63E+01  9.01E+00 9.78E+01  5.10E+00  1.09E+03
S0093 Post

S0097 Post 2.85E+01 8.61E-03 | 2.70E-03 4.06E+00
S0097 Pre 2.69E+01 8.47E-03 9.90E-03 1.76E-04 = 2.36E+00
S0112 Pre 3.71E+01 8.31E+00 = 7.11E-01  2.30E+02
S0112 Post 3.44E+01 8.20E-01 | 1.82E+00 | 1.29E+00  4.53E+01
S0135 Post 2.39E+01 1.16E-04 = 5.36E-04 1.03E-04  3.00E-02
S0135 Pre 2.36E+01 1.83E-04 | 4.50E-04 | 3.07E-04 | 2.65E-02
S0168 Pre 2.36E+01 431E-04  5.85E-03 6.13E-04 = 6.59E-02
S0168 Post 2.56E+01 3.60E-04  9.80E-03 1.52E-01
S0172 Pre 2.72E+01 2.19E-02  2.85E-02  2.80E-03 1.07E-03
S0172 Post

S0177 Pre 2.66E+01 9.44E-03 1.93E-02 | 2.36E-03  7.71E+00
S0177 Post 2.58E+01 3.63E-03 2.82E-02 1.03E-03 ' 3.51E+00
S0186 Pre 2.69E+01 2.68E-03 2.21E-02 4.55E-03 7.36E+00
S0186 Post 2.66E+01 6.42E-03 7.04E-03 3.37E-03 | 3.56E+00
S0195 Pre 2.40E+01 6.86E-04 1.34E-02 1.14E-04 1.14E-01
S0195 Post 2.47E+01 248E-03 | 4.51E-02 3.86E-01
V0015 | Pre 3.86E+01 @ 4.70E+00  1.04E+01 3.68E+03
V0015 | Post 3.69E+01 @ 3.58E+00 2.10E+01 | 3.23E+00 | 4.99E+02
V0021 | Post 2.36E+01 1.86E-04 | 3.59E-03 1.51E-04 1.47E-02
V0021 | Pre 2.09E+01 291E-04 | 5.94E-06 1.24E-03
V0031 | Post 3.85E+01  6.93E+00 3.90E+01 | 1.85E+00 | 7.69E+02
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V0031
V0041
V0041
V0056
V0056
V0070
V0070
V0077
V0077
V0096
V0096
V0097
V0097
V0101
V0101
V0116
V0116
V0128
V0128
V0129
V0129
V0141
V0141
V0151
V0151
V0155
V0155
V0158
V0158
V0166
V0166
V0170
V0170
V0173
V0173
V0180
V0180
V0195
V0195
V0197
V0197
V0206
V0206
V0211
V0211

Pre
Pre
Post
Post
Pre
Post
Pre
Post
Pre
Pre
Post
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Pre
Post
Post
Pre
Pre
Post
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Pre
Post

3.79E+01
2.56E+01
2.61E+01
3.70E+01
3.78E+01
2.03E+01
2.12E+01
2.58E+01
2.60E+01
2.47E+01
2.64E+01
3.05E+01
2.27E+01
2.18E+01
2.42E+01
2.57E+01
2.61E+01
2.20E+01
2.32E+01
2.36E+01
2.23E+01
3.70E+01
3.06E+01
2.46E+01
2.25E+01
2.52E+01
2.56E+01
3.63E+01

2.52E+01
2.60E+01
3.67E+01
3.71E+01
2.68E+01
2.72E+01
3.71E+01

2.67E+01
2.50E+01
2.68E+01
2.68E+01

5.09E+00
3.04E-03
2.94E-03
2.95E+00
2.38E+00
2.38E-05
3.64E-05
1.49E-03
1.00E-03
5.90E-04
1.15E-03
7.84E-02
4.12E-04
8.48E-05
8.36E-04
4.10E-04
8.13E-04
3.49E-04
4.70E-04
3.04E-04

6.27E+00
1.75E-02
2.22E-04
1.34E-04
5.81E-04
5.89E-04
5.86E-01

4.18E-03
1.81E-03
2.80E+00
1.08E+00
4.44E-03
1.09E-02
1.23E+00

1.37E-03
4.53E-04
3.62E-03
2.03E-02

61

2.54E+00
7.26E-03
1.59E-02
2.47E+01
1.55E+00
7.19E-04
6.84E-04
3.81E-03
2.16E-02
3.16E-03
2.89E-02
1.11E-02
2.57E-03
9.20E-04
9.20E-03
1.40E-02
1.72E-02
1.29E-03
1.68E-03
8.00E-04
1.89E-04
5.35E+01
3.81E-01
1.18E-02
2.65E-03
7.23E-04
5.17E-04

5.92E-02
3.94E-02
1.60E+01
2.35E+01
4.59E-02
6.30E-02
3.12E+00

3.65E-02
9.93E-03
9.69E-03
2.28E-02

1.01E+00
1.91E-03
1.04E-03
1.72E+00
6.66E-01
2.15E-05
3.19E-05
1.02E-03
6.80E-04
3.35E-04
1.22E-03

4.05E-04
1.27E-03
3.30E-04
6.99E-04

2.23E+01
3.62E-02

5.09E-05

6.94E+00

1.33E-03
1.04E-03
1.73E+00
3.53E+00
1.50E-03
1.25E-03
1.69E+00

2.60E-03
2.96E-04
2.21E-03

1.47E+03
1.91E-01
1.88E-01
2.50E+02
2.47E+03
3.87E-03
5.46E-03
5.65E-02
1.48E-01
3.80E-02
3.24E-01
2.50E+00
2.00E-02
4.67E-03
1.28E-02
4.04E-02
1.44E-01
9.14E-02
3.61E-02
9.45E-03
1.32E-02
1.11E+03
3.05E+00
1.35E-02
5.18E-03
4.69E-02
4.87E-02

6.41E-01
4.26E-01
2.35E+02
2.23E+02
3.83E-01
4.50E-01
2.52E+02

3.61E-01
6.83E-02
2.31E+00
5.84E+00



V0213
V0213
V0229
V0229
V0231
V0231
V0233
V0233
V0241
V0241
V0245
V0245
V0253
V0253
V0263
V0263
V0269
V0269
V0275
V0275
W0002
W0002
WO0030
W0030
W0039
W0039
w0042
W0042
W0044
w0044
W0047
W0047
W0052
WO0052
WO0093
W0093
WO0109
w0109
WO0137
WO0137
WO0164
WO0164
WO0189
WO0189
W0200

Post
Pre
Post
Pre
Pre
Post
Post
Pre
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Pre
Post
Post
Pre
Post

2.73E+01
2.84E+01
2.92E+01
3.05E+01

2.60E+01
2.75E+01
2.69E+01
3.05E+01
3.14E+01
3.19E+01
2.60E+01
2.37E+01
3.42E+01
3.71E+01
2.35E+01
2.60E+01

3.37E+01
3.71E+01
3.67E+01
3.67E+01
2.66E+01
2.79E+01
3.08E+01
3.07E+01

2.28E+01
2.76E+01
2.25E+01
2.30E+01
2.37E+01
2.70E+01
2.46E+01
2.73E+01
2.80E+01
2.78E+01
2.27E+01
2.12E+01
2.54E+01
2.50E+01
2.78E+01

2.25E-03

2.20E-02
3.79E-02

3.92E-03
1.77E-03
5.52E-03

3.10E-02
7.43E-01
7.25E-04
2.65E-04

3.81E-04
2.09E-03

3.46E-01
1.76E+00

6.88E+00
2.28E-03
1.10E-02
5.61E-02
1.35E-01

6.35E-05
7.93E-03
1.72E-04
8.92E-04
2.73E-04
1.00E-02
3.43E-03
7.01E-03
1.13E-02
1.67E-03
2.67E-04
1.13E-03
1.38E-03
1.15E-03
2.92E-03
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2.96E-03
5.87E-03
5.23E-03
1.54E-02

3.54E-03
4.74E-03
9.97E-03
9.54E-03

4.03E-03
4.22E-03
3.31E-04
1.74E-01
2.11E+00
7.07E-04
3.02E-03

4.06E+00
1.22E+01
7.89E+00
5.71E+01
4.96E-02
1.20E-01
1.85E-01
1.89E-02

1.18E-02
5.98E-02
3.02E-03
1.11E-02
3.65E-03
1.68E-02
6.43E-03
1.77E-02
4.34E-02
3.16E-02
3.13E-03
1.53E-02
1.59E-02
1.21E-01
8.57E-03

3.08E-03

4.18E-02
9.23E-04

4.36E-04
2.01E-04

9.00E-02
2.62E+00
3.52E+00
1.41E+00
1.80E-03
4.62E-03
2.85E+03

5.50E-04
3.47E-03
2.34E-04
5.77E-04
6.56E-04
2.73E-03
1.43E-03
1.21E-03
8.45E-03

2.24E-04
3.24E-04
1.24E-03
3.31E-04
2.66E-04

8.94E-01
3.02E-01
4.01E-01
2.18E+00

4.22E-01
1.24E+00
4.51E+00
1.53E-01
5.43E+00
2.12E+02
1.20E-01
2.14E-02
2.31E+00
1.53E+02
4.34E-02
9.33E-02

6.75E+01
1.48E+02
5.05E+00
2.78E+02
1.36E-01
5.89E-01
3.85E+00
7.10E-01

5.77E-02
7.32E+00
1.72E-02
7.64E-02
1.11E-01
4.73E+00
2.14E+00
1.50E+00
1.75E+01
2.47E+00
6.34E-02
1.74E-01
2.57E-01
1.42E-01
3.90E-01



W0200
W0230
w0230
w0270
W0270
Sample
ID
S0014
S0014
S0025
S0025
S0027
S0027
S0030
S0030
S0031
S0031
S0036
S0036
S0043
S0043
S0084
S0084
S0090
S0090
S0092
S0092
S0093
S0093
S0097
S0097
S0112
S0112
S0135
S0135
S0168
S0168
S0172
S0172
S0177
S0177
S0186
S0186
S0195
S0195

Pre
Pre
Post
Pre
Post

Pre-op/
Post-op

Post
Pre
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Post
Pre
Pre
Post
Post
Pre
Pre
Post
Post
Pre
Pre
Post
Post
Pre
Pre
Post
Pre
Post
Pre
Post
Pre
Post
Pre
Post

2.38E+01
2.73E+01
2.47E+01
2.56E+01
2.50E+01

Log RQ
miR-155

3.20E+00

-1.01E+01
-7.83E-01

2.43E+00
-2.50E-01
-9.41E+00
1.11E+00

-6.46E+00
1.64E-01
-9.10E+00
-6.12E-01
-7.39E+00
4.74E-01
3.65E+00
1.25E+00
-2.09E+00
5.58E-01
3.17E+00

-6.86E+00
-6.88E+00

-2.86E-01
-1.31E+01
-1.24E+01
-1.12E+01
-1.14E+01
-5.51E+00

-6.73E+00
-8.10E+00
-8.54E+00
-7.28E+00
-1.05E+01
-8.65E+00

5.27E-04
1.03E-03
1.94E-03
3.41E-03
1.64E-03
Log RQ
miR-21
5.39E+00
1.99E+00
-5.57E+00
3.83E+00
-3.15E-02
6.17E+00
3.59E+00
-4.85E+00
5.21E+00
-6.29E+00
-5.57E+00
2.23E+00
-4.70E+00
3.08E+00
-5.39E+00
2.47E+00
3.50E+00
6.06E-01
-2.05E+00
7.52E-01
6.61E+00

-8.53E+00
-6.66E+00
3.05E+00
8.67E-01
-1.09E+01
-1.11E+01
-7.42E+00
-6.67E+00
-5.13E+00

-5.70E+00
-5.15E+00
-5.50E+00
-7.15E+00
-6.22E+00
-4.47E+00
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8.74E-04
2.85E-02
1.02E-02
2.79E-03
7.73E-03
Log RQ
miR-210
3.44E+00
3.45E+00
-9.56E+00
-8.15E-01
6.03E-01
1.65E+00
-1.60E+00
-9.79E+00
6.94E-01

-8.78E+00
-9.67E-01
-1.09E+01
-2.12E+00
-8.22E+00
-1.88E-01
2.15E+00

2.35E+00

-1.25E+01
-4.92E-01
3.67E-01
-1.32E+01
-1.17E+01
-1.07E+01

-8.48E+00

-8.72E+00
-9.92E+00
-7.78E+00
-8.21E+00
-1.31E+01

1.05E-04
3.08E-03
2.47E-04

5.33E-04
Log RQ
miR-223
8.34E+00
8.13E+00
-3.43E+00
6.66E+00
5.39E+00
1.01E+01
6.76E+00
-3.18E+00
8.14E+00
-1.67E+00
9.04E-01
5.25E+00
-3.01E+00
5.92E+00
-1.07E+00
5.04E+00
1.32E+01
3.23E+00
5.31E+00
1.03E+01
1.01E+01

2.02E+00
1.24E+00
7.84E+00
5.50E+00
-5.06E+00
-5.24E+00
-3.92E+00
-2.72E+00
-9.87E+00

2.95E+00
1.81E+00
2.88E+00
1.83E+00
-3.13E+00
-1.37E+00

1.20E-02

3.13E-01

1.57E-01

1.57E-01

2.55E-01

Combined
RQ

0.65

0.59

-0.41

0.47

0.39

0.77

0.48

-0.38

0.60

-0.12

-0.04

0.38

-0.36

0.42

-0.20

0.37

1.01

0.25

0.35

0.75

0.78

0.04
-0.02
0.56
0.39
-0.57
-0.58
-0.46
-0.38
-0.80

0.10
0.00
0.07
0.02
-0.39
-0.24



V0015
V0015
V0021
V0021
V0031
V0031
V0041
V0041
V0056
V0056
V0070
V0070
V0077
V0077
V0096
V0096
V0097
V0097
V0101
V0101
V0116
V0116
V0128
V0128
V0129
V0129
V0141
V0141
V0151
V0151
V0155
V0155
V0158
V0158
V0166
V0166
V0170
V0170
V0173
V0173
V0180
V0180
V0195
V0195
V0197

Pre
Post
Post
Pre
Post
Pre
Pre
Post
Post
Pre
Post
Pre
Post
Pre
Pre
Post
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Pre
Post
Post
Pre
Pre
Post
Post
Pre
Post
Pre
Pre

2.23E+00
1.84E+00
-1.24E+01

2.79E+00

2.35E+00
-8.36E+00
-8.41E+00

1.56E+00

1.25E+00
-1.54E+01
-1.47E+01
-9.39E+00
-9.96E+00
-1.07E+01
-9.77TE+00
-3.67E+00
-1.12E+01
-1.35E+01
-1.02E+01
-1.13E+01
-1.03E+01
-1.15E+01
-1.11E+01
-1.17E+01

2.65E+00
-5.84E+00
-1.21E+01
-1.29E+01
-1.07E+01
-1.07E+01

-7.71E-01

-7.90E+00
-9.11E+00
1.49E+00
1.14E-01
-7.82E+00
-6.52E+00
2.95E-01

3.37E+00
4.40E+00
-8.12E+00
-1.17E+01
5.29E+00
1.35E+00
-7.11E+00
-5.97E+00
4.63E+00
6.28E-01
-1.04E+01
-1.05E+01
-8.03E+00
-5.53E+00
-8.30E+00
-5.11E+00
-6.49E+00
-8.61E+00
-1.01E+01
-6.76E+00
-6.16E+00
-5.86E+00
-9.60E+00
-9.22E+00
-1.03E+01
-1.24E+01
5.74E+00
-1.39E+00
-6.41E+00
-8.56E+00
-1.04E+01
-1.09E+01

-4.08E+00
-4.67E+00
4.00E+00
4.55E+00
-4.45E+00
-3.99E+00
1.64E+00
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1.69E+00
-1.27E+01
-1.74E+01
8.88E-01
1.63E-02
-9.03E+00
-9.91E+00
7.82E-01
-5.85E-01
-1.55E+01
-1.49E+01
-9.93E+00
-1.05E+01
-1.15E+01
-9.68E+00

-1.13E+01
-9.62E+00
-1.16E+01
-1.05E+01

4.48E+00
-4.79E+00

-1.43E+01

2.79E+00

-9.56E+00
-9.91E+00
7.93E-01
1.82E+00
-9.38E+00
-9.65E+00
7.55E-01

1.18E+01

8.96E+00
-6.09E+00
-9.66E+00

9.59E+00

1.05E+01
-2.39E+00
-2.41E+00

7.96E+00

1.13E+01
-8.01E+00
-7.52E+00
-4.14E+00
-2.75E+00
-4.72E+00
-1.62E+00

1.32E+00
-5.64E+00
-7.74E+00
-6.29E+00
-4.63E+00
-2.80E+00
-3.45E+00
-4.79E+00
-6.72E+00
-6.24E+00

1.01E+01

1.61E+00
-6.21E+00
-7.59E+00
-4.41E+00
-4.36E+00

-6.42E-01
-1.23E+00
7.88E+00
7.80E+00
-1.39E+00
-1.15E+00
7.97E+00

0.89

0.67
-0.64
-0.70

0.73

0.79
-0.31
-0.31

0.60

0.83
-0.82
-0.78
-0.45
-0.36
-0.51
-0.27

0.04
-0.59
-0.77
-0.62
-0.51
-0.37
-0.43
-0.52
-0.67
-0.45

0.77

0.02
-0.64
-0.75
-0.49
-0.49
-0.01

-0.17
-0.23
0.59
0.56
-0.22
-0.19
0.58



V0197
V0206
V0206
V0211
V0211
V0213
V0213
V0229
V0229
V0231
V0231
V0233
V0233
V0241
V0241
V0245
V0245
V0253
V0253
V0263
V0263
V0269
V0269
V0275
V0275
W0002
W0002
W0030
W0030
W0039
W0039
w0042
W0042
w0044
w0044
W0047
W0047
WO0052
W0052
WO0093
W0093
WO0109
w0109
WO0137
WO0137

Post
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Pre
Post
Post
Pre
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Post
Pre
Post
Pre
Pre
Post
Pre
Post
Pre
Post
Pre
Post
Post
Pre
Post
Pre

-9.51E+00
-1.11E+01
-8.11E+00
-5.62E+00
-8.79E+00

-5.51E+00
-4.72E+00

-8.00E+00
-9.15E+00
-7.50E+00

-5.01E+00

-4.29E-01
-1.04E+01
-1.19E+01

-1.14E+01
-8.90E+00

-1.53E+00
8.20E-01

2.78E+00
-8.77E+00
-6.50E+00
-4.16E+00
-2.89E+00

-1.39E+01
-6.98E+00
-1.25E+01
-1.01E+01
-1.18E+01
-6.64E+00
-8.19E+00
-7.16E+00
-6.47E+00
-9.22E+00

-4.77E+00
-6.65E+00
-6.69E+00
-5.46E+00
-8.40E+00
-7.41E+00
-7.58E+00
-6.02E+00

-8.14E+00
-7.72E+00
-6.65E+00
-6.71E+00

-7.95E+00
-7.89E+00
-1.16E+01
-2.52E+00

1.08E+00
-1.05E+01
-8.37E+00

2.02E+00
3.61E+00
2.98E+00
5.84E+00
-4.33E+00
-3.06E+00
-2.44E+00
-5.73E+00

-6.41E+00
-4.06E+00
-8.37E+00
-6.50E+00
-8.10E+00
-5.89E+00
-7.28E+00
-5.82E+00
-4.53E+00
-4.99E+00
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-8.59E+00
-1.17E+01
-8.82E+00

-8.34E+00

-4.58E+00
-1.01E+01

-1.12E+01
-1.23E+01

-3.47E+00
1.39E+00
1.82E+00
4.98E-01

-9.11E+00

-7.76E+00
1.15E+01

-1.08E+01
-8.17E+00
-1.21E+01
-1.08E+01
-1.06E+01
-8.52E+00
-9.45E+00
-9.69E+00
-6.89E+00

-1.47E+00
-3.87E+00
1.21E+00
2.55E+00
-1.61E-01
-1.73E+00
-1.32E+00
1.12E+00

-1.24E+00
3.07E-01
2.17E+00
-2.71E+00
2.44E+00
7.72E+00
-3.06E+00
-5.55E+00
1.21E+00
7.26E+00
-4.53E+00
-3.42E+00

6.08E+00
7.21E+00
2.34E+00
8.12E+00
-2.88E+00
-7.64E-01
1.94E+00
-4.93E-01

-4.12E+00
2.87E+00
-5.86E+00
-3.71E+00
-3.17E+00
2.24E+00
1.10E+00
5.87E-01
4.13E+00
1.31E+00

-0.26
-0.46
-0.04

0.09
-0.15
-0.12
-0.18

0.01

-0.22
-0.12
0.04
-0.20
0.10
0.55
-0.39
-0.59
0.09
0.52
-0.51
-0.39

0.41
0.53
0.17
0.63
-0.35
-0.16
0.07
-0.08

-0.52

0.10
-0.62
-0.43
-0.42

0.06
-0.05
-0.07

0.19
-0.05



W0164 | Pre -1.19E+01 = -8.32E+00  -1.21E+01 @ -3.98E+00 -0.48
W0164  Post -9.79E+00 -6.03E+00 -1.16E+01 -2.52E+00 -0.34
WO0189 | Post -9.50E+00  -5.97E+00 @ -9.65E+00 -1.96E+00 -0.29
WO0189 | Pre -9.76E+00 -3.05E+00 -1.16E+01 -2.82E+00 -0.36
W0200 | Post -8.42E+00 = -6.87E+00 -1.19E+01 @ -1.36E+00 -0.23
W0200 | Pre -1.09E+01 -1.02E+01 -1.32E+01 -6.38E+00 -0.63
W0230 | Pre -9.92E+00 = -5.13E+00 @ -8.34E+00 @ -1.68E+00 -0.28
WO0230  Post -9.01E+00 -6.62E+00 -1.20E+01 -2.67E+00 -0.34
W0270 | Pre -8.20E+00 = -8.49E+00 -2.67E+00 -0.32
W0270 @ Post -9.25E+00 -7.02E+00 -1.09E+01 -1.97E+00 -0.29

Table 3.5: microRNA Relative Expression Values and Combined microRNA Relative
Expression Values for Pre-operative and Post-operative Blood Plasma Samples
Pre-operative and post-operative blood plasma samples were first analyzed through miRNA
isolation, then quantified using qRT-PCR. Cr values for cel-39, miR-155, miR-21, miR-210, and
miR-223 were measured, then normalized via cel-39 as a control to obtain the RQ. Due to some
extreme values in the dataset (underlined) all miRNA RQ levels were log transformed. Then, the
log RQ values were combined to be further analyzed through binary logistic regression. Note
that blank spaces are due to samples which did not have measurable cel-39, thus RQ for each
miRNA could not be calculated.

(Pre-op, pre-operative; post-op, post-operative; Cr, cycle threshold; RQ, relative expression).
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Sample
ID
Cl1
C10
C100
C101
C102
C103
C104
C105
C106
C107
C108
C109
Cl1
C110
Cl12
C13
Cl4
CI5
Clé6
C17
CI18
C19
C2
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C3
C30
C31
C32
C33
C34
C35
C36
C37
C38

Control Ct
(cel-39)

3.75E+01
3.43E+01
2.55E+01
2.75E+01
3.10E+01
3.00E+01
2.62E+01
2.62E+01
2.61E+01
2.45E+01
2.55E+01
2.73E+01
3.56E+01
2.59E+01
3.48E+01
3.50E+01
3.53E+01
3.60E+01
2.66E+01
2.66E+01
2.59E+01
3.52E+01
2.92E+01
3.50E+01
3.16E+01
3.69E+01
2.85E+01
2.67E+01
2.94E+01
2.76E+01
2.77E+01
3.10E+01
2.85E+01
3.47E+01
3.41E+01
3.34E+01
3.30E+01
3.32E+01
3.15E+01
2.97E+01
3.56E+01
2.92E+01
3.22E+01

RQ
miR-155

7.71E-01
8.08E-01
1.18E-03

2.19E-03
1.63E-03
1.06E-03
1.85E-03
9.20E-04
1.08E-03
2.92E+00
1.13E-02
1.80E+00
4.34E+00
1.26E+00
4.46E+00
1.89E-03
2.00E-03
3.46E-03
1.21E+00

2.48E-01
2.89E-02

9.62E-03
2.50E-03
1.76E+06
2.66E+04
3.57E-03
1.53E-02
8.70E-03
3.65E-01
2.22E-01
3.44E-01

3.53E-01
5.99E-02

2.75E-01

RQ
miR-21

3.05E+00
2.09E+01
3.75E-04
3.31E-03
4.15E-01
1.74E-01
6.15E-02
3.12E-03
1.96E-02
1.54E-02
6.53E-03
8.14E-03
6.57E+01
3.52E-03
2.61E+01
2.70E+01
6.13E+00
1.21E+01
6.46E-02
6.86E-02
7.61E-03
1.69E+01
7.17E-01
9.92E-01
6.96E-02
2.75E+00
1.28E-02
1.17E-02
1.40E-02
1.43E-03
8.52E-03
7.15E-02
9.74E-03
4.79E+00
6.40E-01
2.51E-01
2.91E-01
9.71E-02
7.19E-02
8.82E-03
2.64E+00
1.80E-02
1.90E-01
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RQ
miR-210

1.43E+00
4.95E-01
5.43E-04

1.45E-02

5.09E-03
1.16E-03
7.88E-04

5.39E-01
5.76E-04
4.36E-01
7.88E-01

4.36E+10

5.03E-01
2.16E-03
2.29E-03
5.76E-04
9.42E-01
4.32E-03
2.84E-01
2.36E-02

1.66E-03
2.56E-03

4.19E-03

RQ
miR-223

1.05E+03
2.42E+02
3.28E-01
3.47E+00
8.17E+00
4.31E+00
3.89E-01
1.32E+00
2.00E-01
2.18E-01

5.44E-01
3.86E+00
6.89E+02

1.25E-01
4.30E+02
1.37E+02
6.02E+01
2.16E+02
4.98E-02

5.26E-02
9.57E-02
2.02E+02
4.76E-01
3.21E+01
1.43E+01
2.56E+03
5.19E+00
4.90E+00
2.22E+01
5.79E+00
6.68E+00
8.86E+00
1.09E+01
5.87E+00
7.66E+01
3.29E+01
2.59E+01
3.56E+01
1.52E+01
3.38E+00
3.37E+02
1.34E+01
3.20E+01



C39
C4

C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
C5

C50
Cs51
C52
C53
C54
C55
C56
C57
C58
C59
Cé

C60
Cel
C62
C63
Co4
C65
C66
C67
C68
C69
C7

C70
C71
C72
C73
C74
C75
C76
C77
C78
C79

2.70E+01
2.39E+01
2.97E+01
2.57E+01
2.86E+01
2.88E+01
2.89E+01
2.72E+01
2.94E+01
2.99E+01
2.64E+01
2.59E+01
3.68E+01
3.23E+01
2.97E+01
3.01E+01
2.90E+01
2.83E+01
2.91E+01
2.59E+01
2.67E+01
2.90E+01
2.83E+01
2.56E+01
2.78E+01
2.70E+01
2.75E+01
2.68E+01
2.62E+01
2.56E+01
2.57E+01
2.52E+01
2.39E+01
2.88E+01
2.60E+01
2.66E+01
3.21E+01
2.69E+01
2.57E+01
2.66E+01
2.61E+01
2.59E+01
2.59E+01
2.93E+01
2.70E+01

8.53E-03
2.37E-04

1.89E+07

2.11E-03

5.83E-03

3.08E-02
2.96E-03
3.04E-03
6.17E-01

8.46E-03
1.09E-02
7.43E-03

5.80E-03

7.57TE-04
4.11E-03

1.71E-03
5.04E-03

2.51E-03

1.25E-03
8.43E-04
3.55E-04
1.13E-03

1.54E-03

2.15E-03
3.09E-03

5.28E-03
5.66E-04
3.14E-02
5.90E-03

9.98E-03
2.30E-02
3.85E-02
1.56E-03
1.46E-02
1.31E-02
1.52E-02
3.58E-03
4.94E-03
6.08E-02
6.28E-03
1.82E-03
9.57E-01
1.31E+00
5.42E-02
7.31E-03
9.01E-03
1.53E-02
4.63E-02
6.60E-03
2.74E-02
3.45E-02
1.69E-02
1.57E-02
1.05E-02
1.95E-02
2.29E-01
5.76E-02
5.16E-02
3.06E-02
2.77E-02
4.02E-02
1.85E-02
8.80E-03
4.21E-02
3.64E-03
5.96E-01
3.47E-03
2.80E-03
9.57E-03
3.57E-03
6.68E-03
4.50E-03
4.09E-02
3.78E-03
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2.06E-04
3.09E-03

6.37E-04
4.21E-01

6.02E-04
5.81E-04

9.81E-03

2.08E-03
2.18E-03
2.65E-03
1.77E-03
1.54E-03
1.16E-04

1.22E-03

3.24E-04

9.96E-04
5.09E-04
4.40E-04

3.24E-03

4.19E+00

1.32E-02
1.35E+01
2.10E+00
1.69E+01
1.76E+01
2.54E+00
5.30E+00
3.77E+00
7.06E+00
3.04E+00
2.23E+00
2.20E+03
4.24E+01
4.60E+01
8.52E+01
2.03E+00
2.32E+01
3.72E+01
2.23E+00
8.80E+00
3.27E+01
2.49E+01
3.20E-02
1.74E+01
1.68E+01
1.56E+01
1.10E+01
7.73E+00
4.21E+00
4.40E+00
3.53E+00
1.58E+00
6.36E+00
2.20E-02
4.41E-01
8.84E+00
6.86E-01
3.77E-01
5.47E-01
3.75E-01
5.14E-01
3.99E-01
1.22E+01
8.80E-01



C8

C80
C81
C82
C83
C84
C85
C86
C87
C88
C89
C9

C90
C91
C92
C93
C94
C95
C96
C97
C98
C99

Sample

ID
Cl
C10
C100
C101
C102
C103
C104
C105
C106
C107
C108
C109
Cl1
C110
Cl12
C13
Cl4
CI5
Cl6
C17
CI18

2.56E+01
2.80E+01
2.64E+01
2.82E+01
2.82E+01
2.77E+01
2.60E+01
2.52E+01
2.83E+01
2.95E+01
2.67E+01
3.48E+01
2.56E+01
2.60E+01
2.55E+01
3.02E+01
3.24E+01
2.93E+01
2.72E+01
2.83E+01
2.72E+01
2.97E+01

Log RQ
miR-155

-3.75E-01
-3.07E-01
-9.73E+00

-8.83E+00
-9.26E+00
-9.88E+00
-9.08E+00
-1.01E+01
-9.85E+00
1.55E+00
-6.46E+00
8.51E-01
2.12E+00
3.31E-01
2.16E+00
-9.05E+00
-8.96E+00
-8.17E+00

9.12E-04
1.74E-03
8.84E-04
2.43E-03
9.64E-03
1.77E-03

4.18E-04
2.89E-03
1.95E-02
1.01E-03
2.98E-01
9.30E-04

9.32E-04
1.55E-03
3.99E-02

2.26E-03
4.04E-03
1.47E-03
3.27E-02
Log RQ
miR-21
1.61E+00
4.38E+00
-1.14E+01
-8.24E+00
-1.27E+00
-2.52E+00
-4.02E+00
-8.32E+00
-5.67E+00
-6.02E+00
-7.26E+00
-6.94E+00
6.04E+00
-8.15E+00
4.71E+00
4.76E+00
2.62E+00
3.59E+00
-3.95E+00
-3.86E+00
-7.04E+00

2.86E-04
6.76E-03
5.38E-03
3.17E-03
8.84E-03
6.37E-03
3.20E-03
3.70E-03
8.03E-03
5.53E-03
5.32E-03
4.84E+00
3.23E-03
2.30E-03
1.88E-03
1.97E-02
3.69E-02
3.18E-02
5.22E-03
4.57E-02
3.35E-03
3.47E-02
Log RQ
miR-210
5.18E-01
-1.01E+00
-1.08E+01

-6.11E+00

-7.62E+00
-9.76E+00
-1.03E+01

-8.91E-01
-1.08E+01
-1.20E+00

-3.44E-01

3.53E+01

-9.92E-01
-8.86E+00
-8.77E+00
-1.08E+01
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1.18E-03
7.84E-03

1.14E-02

3.14E-04

4.58E-03
5.84E-01
1.36E-03
3.21E-04
1.44E-02

2.70E-03

Log RQ
miR-223

1.00E+01
7.92E+00
-1.61E+00
1.80E+00
3.03E+00
2.11E+00
-1.36E+00
4.02E-01
-2.32E+00
-2.20E+00
-8.78E-01
1.95E+00
9.43E+00
-3.00E+00
8.75E+00
7.10E+00
5.91E+00
7.75E+00
-4.33E+00
-4.25E+00
-3.39E+00

2.68E-03
1.48E+00
7.60E-01
3.69E+00
3.36E+00
3.21E+00
5.15E-01
2.90E-01
4.62E+00
1.16E+01
1.84E+00
2.81E+01
4.07E-01
1.57E+00
3.07E-01
5.29E+00
1.63E+01
2.13E+00
5.49E+00
1.16E+00
2.70E+00
1.92E+01

Combined

RQ

0.72
0.57
-0.27
0.13
0.22
0.15
-0.24
-0.12
-0.33
-0.30
-0.22
-0.02
0.70
-0.32
0.64
0.55
0.43
0.59
-0.46
-0.45
-0.37



C19
C2

C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C3

C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C4

C40
C41
C42
C43
C44
C45
C46
C47
C48
C49
Cs

C50
C51
C52
C53
C54
C55
C56
C57
C58
C59

2.76E-01

-2.01E+00
-5.11E+00

-6.70E+00
-8.65E+00

2.08E+01

1.47E+01
-8.13E+00
-6.03E+00
-6.85E+00
-1.45E+00
-2.17E+00
-1.54E+00

-1.50E+00
-4.06E+00

-1.86E+00

-6.87E+00
-1.20E+01

2.42E+01
-8.89E+00

-7.42E+00

-5.02E+00
-8.40E+00
-8.36E+00

-6.96E-01

-6.89E+00
-6.52E+00
-7.07E+00

-7.43E+00

-1.04E+01
-7.93E+00

4.08E+00
-4.80E-01
-1.12E-02
-3.85E+00
1.46E+00
-6.29E+00
-6.41E+00
-6.16E+00
-9.45E+00
-6.87E+00
-3.81E+00
-6.68E+00
2.26E+00
-6.43E-01
-2.00E+00
-1.78E+00
-3.36E+00
-3.80E+00
-6.83E+00
1.40E+00
-5.79E+00
-2.40E+00
-6.65E+00
-5.44E+00
-4.70E+00
-9.33E+00
-6.10E+00
-6.25E+00
-6.04E+00
-8.13E+00
-7.66E+00
-4.04E+00
-7.32E+00
-9.10E+00
-6.40E-02
3.91E-01
-4.21E+00
-7.10E+00
-6.79E+00
-6.03E+00
-4.43E+00
-7.24E+00
-5.19E+00
-4.86E+00
-5.89E+00

-8.59E-02
-7.85E+00
-1.81E+00
-5.41E+00

-9.23E+00
-8.61E+00

-7.90E+00

-1.22E+01
-8.34E+00

-1.06E+01
-1.25E+00

-1.07E+01
-1.07E+01
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7.66E+00
-1.07E+00
5.00E+00
3.83E+00
1.13E+01
2.38E+00
2.29E+00
4.48E+00
2.53E+00
2.74E+00
3.15E+00
3.45E+00
2.55E+00
6.26E+00
5.04E+00
4.70E+00
5.16E+00
3.93E+00
1.76E+00
8.39E+00
3.75E+00
5.00E+00
2.07E+00
-6.24E+00
3.76E+00
1.07E+00
4.08E+00
4.13E+00
1.34E+00
2.41E+00
1.91E+00
2.82E+00
1.61E+00
1.16E+00
1.11E+01
5.41E+00
5.52E+00
6.41E+00
1.02E+00
4.53E+00
5.22E+00
1.16E+00
3.14E+00
5.03E+00
4.64E+00

0.56
-0.08
0.33
0.19
0.82
0.06
0.03
0.65
0.42
0.07
0.13
0.14
0.16
0.42
0.34
0.34
0.35
0.22
0.13
0.57
0.27
0.36
0.04
-0.64
0.66
-0.07
0.29
0.30
0.10
0.05
0.14
0.12
-0.02
-0.05
0.79
0.39
0.40
0.35
-0.03
0.21
0.38
-0.04
0.23
0.20
0.21



C6

C60
Co61
C62
Co63
Co4
C65
C66
Co67
C68
C69
C7

C70
C71
C72
C73
C74
C75
C76
C77
C78
C79
C8

C80
C81
C82
C83
C84
C85
C86
C87
C88
C89
C9

C90
C91
C92
C93
C94
C95
C96
C97
C98
C99

-9.20E+00
-7.63E+00

-8.64E+00

-9.64E+00
-1.02E+01
-1.15E+01
-9.78E+00

-9.34E+00

-8.86E+00
-8.34E+00

-7.57TE+00
-1.08E+01
-4.99E+00
-7.41E+00
-1.01E+01
-9.17E+00
-1.01E+01
-8.69E+00
-6.70E+00
-9.14E+00

-1.12E+01
-8.43E+00
-5.68E+00
-9.95E+00
-1.75E+00
-1.01E+01

-1.01E+01
-9.33E+00
-4.65E+00

-8.79E+00
-7.95E+00
-9.41E+00
-4.94E+00

-5.99E+00
-6.57E+00
-5.68E+00
-2.13E+00
-4.12E+00
-4.28E+00
-5.03E+00
-5.17E+00
-4.64E+00
-5.76E+00
-6.83E+00
-4.57E+00
-8.10E+00
-7.46E-01
-8.17E+00
-8.48E+00
-6.71E+00
-8.13E+00
-7.23E+00
-7.79E+00
-4.61E+00
-8.05E+00
-1.18E+01
-7.21E+00
-7.54E+00
-8.30E+00
-6.82E+00
-7.29E+00
-8.29E+00
-8.08E+00
-6.96E+00
-7.50E+00
-7.55E+00
2.27E+00
-8.27E+00
-8.76E+00
-9.05E+00
-5.66E+00
-4.76E+00
-4.98E+00
-7.58E+00
-4.45E+00
-8.22E+00
-4.85E+00

-6.67E+00
-8.91E+00
-8.84E+00
-8.56E+00
-9.14E+00
-9.34E+00
-1.31E+01
-9.68E+00

-1.16E+01

-9.97E+00
-1.09E+01
-1.11E+01
-8.27E+00

-9.72E+00
-7.00E+00

-6.46E+00

-1.16E+01

-7.77TE+00
-7.75E-01
-9.52E+00
-1.16E+01
-6.12E+00

-8.53E+00
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-4.97E+00
4.12E+00
4.07E+00
3.97E+00
3.45E+00
2.95E+00
2.07E+00
2.14E+00
1.82E+00

6.64E-01
2.67E+00

-5.50E+00

-1.18E+00
3.14E+00
-5.44E-01

-1.41E+00
-8.71E-01

-1.42E+00
-9.60E-01

-1.32E+00
3.61E+00
-1.84E-01

-8.54E+00

5.70E-01
-3.96E-01
1.88E+00
1.75E+00
1.68E+00
-9.56E-01

-1.79E+00

2.21E+00

3.53E+00
8.77E-01
4.81E+00
1.30E+00
6.52E-01

-1.70E+00
2.40E+00
4.03E+00
1.09E+00
2.46E+00

2.12E-01
1.43E+00
4.26E+00

-0.36
0.15
0.17
0.29
0.11
0.21

-0.01

-0.01

-0.05

-0.11
0.19

-0.55

-0.08
0.23

-0.04

-0.24

-0.20

-0.10

-0.19

-0.27
0.18

-0.13

-0.78

-0.11

-0.19
0.00
0.02

-0.03

-0.07

-0.31
0.02
0.16

-0.10
0.32

-0.25
0.05

-0.28
0.02
0.22
0.08
0.04

-0.11

-0.05
0.23



Table 3.6: microRNA Relative Expression Values and Combined microRNA Relative
Expression Values for Pre-operative and Post-operative Blood Plasma Controls

Blood plasma control samples were first analyzed through miRNA isolation, then quantified
using qRT-PCR. Cr values for cel-39, miR-155, miR-21, miR-210, and miR-223 were measured,
then normalized via cel-39 as a control to obtain the RQ. Due to some extreme values in the
dataset (underlined) all miRNA RQ levels were log transformed. Then, the log RQ values were
combined to be further analyzed through binary logistic regression. Note that blank spaces are
due to samples which did not have measurable cel-39, thus RQ for each miRNA could not be
calculated.

(Cr, cycle threshold; RQ, relative expression).
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AUC, % Cut-off Odds
Comparing  (95% C.1.) value Ratio = P-value 95% C.I.
Pre-op vs 72.3
controls! (0.641, 0.805) -0.4169 3 0.003 (1.440, 6.249)

Post-op vs 67.0
controls? (0.577,0.763) | -0.3255 2.275 0.023  (1.120, 4.621)

Pre-op vs 524

post-op? (0.421,0.627)  -0.7277 1.204 0.718 (0.441, 3.287)
53.6

Recurrence* | (0.228, 0.843) = -1.2541 2.5 0.403 | (0.292, 21.399)

No 53.1

recurrence’ | (0.421, 0.641) -0.635 1.41 0.624 (0.357, 5.559)

Table 3.7: Binary Logistic Regression Risk Score Analysis Comparing Pre-operative, Post-
operative, and Controls

ROC analysis was performed to calculate the AUC and obtain the cut-off point used in the binary
logistic regression analysis. This calculated an OR showing that if a samples combined miRNA
RQ is higher than the cut-off point, the sample is that much more probable to be a case than a
control.

' When comparing the pre-operative cases (n=64) to the controls (n=110), ROC analysis gave an
AUC of 72.3% (95% C.1.=(0.641, 0.805)). This created a cut-off point of -0.4169. Binary logistic
regression analysis yielded an OR of 3.000 (p-value=0.003, 95% C.1.= (1.440, 6.249)). Thus,
samples with a combined miRNA RQ above -0.4169 are 3 times more likely to be a pre-
operative case than a control.

2 When comparing the post-operative cases (n=60) to the controls (n=110), ROC analysis gave
an AUC of 67.0% (95% C.1.=(0.577, 0.763)). This created a cut-off point of -0.3255. Binary
logistic regression analysis yielded an OR of 2.275 (p-value=0.023, 95% C.I.=(1.120, 4.621)).
Thus, samples with a combined miRNA RQ above -0.3255 are 2.275 times more likely to be a
post-operative case than a control.

3 When comparing the pre-operative cases (n=64) to the post-operative cases (n=60), ROC
analysis gave an AUC of 52.4% (95% C.1.=(0.421, 0.627)). This created a cut-off point of -
0.7277. Binary logistic regression analysis yielded a statistically insignificant OR, thus samples
could not be categorized into risk groups according to the cut-off point.

4 When comparing the pre-operative cases (n=7) to the post-operative cases (n=8) that had
cancer recurrence, ROC analysis gave an AUC of 53.6% (95% C.1.=(0.228, 0.843)). This created
a cut-off point of -1.2541. Binary logistic regression analysis yielded a statistically insignificant
OR, thus samples could not be categorized into risk groups according to the cut-off point.

> When comparing the pre-operative cases (n=57) to the post-operative cases (n=52) that did not
have cancer recurrence, ROC analysis gave an AUC of 53.1% (95% C.1.=(0.421, 0.641)). This
created a cut-off point of -0.635. Binary logistic regression analysis yielded a statistically
insignificant OR, thus samples could not be categorized into risk groups according to the cut-off
point.
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(AUC, area under the curve; C.I., confidence interval; ROC, receiver operative curve; RQ,
relative expression).
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Sample AUC, % Cut-off Odds
size type | Comparing (95% C.1.) value Ratio P-value 95% C.I.
Pre-op vs 72.3

controls! (0.641, 0.805) -0.4169 3 0.003  (1.440, 6.249)
All
samples Gender -0.4169 1.654 0.108 ' (0.895, 3.055)
All Smoking
samples status -0.4169 1.288 0.436 (0.681, 2.437)
All
samples Age -0.4169 1.43 0.248  (0.780, 2.624)
Post-op vs 67.0
controls? (0.577,0.763)  -0.3255  2.275 0.023  (1.120, 4.621)
All
samples Gender -0.3255 1.654 0.108  (0.895, 3.055)
All Smoking
samples status -0.3255 ' 1.288 0.436 (0.681, 2.437)
All
samples Age -0.3255 1.43 0.248 (0.780, 2.624)

Table 3.8: Binary Logistic Regression Risk Score Analysis Comparing Pre-operative, Post-
operative, and Controls with Followed Analysis of the Parameters Gender, Smoking Status,
and Age for Entire Sample Size

ROC analysis was performed to calculate the AUC and obtain the cut-off point used in binary
logistic regression analysis. This created an OR showing that if a samples combined miRNA RQ
is higher than the cut-off point, the sample is that much more likely to be a case than a control.
Using the cut-off points from comparing either the pre-operative, post-operative, or controls
groups, binary logistic regression was repeated to look at gender, smoking status, or age
affecting the results. When comparing pre-operative cases and controls, as well as post-operative
cases and controls, none of the parameters showed statistically significant results, inferring that
the results are not due to gender, smoking status, or age. This was done including the entire
sample size (pre-operative (n-69), post-operative (n=69), and controls (n=110).

' When comparing the pre-operative cases (n=64) to the controls (n=110), ROC analysis gave an
AUC of 72.3% (95% C.1.=(0.641, 0.805)). This created a cut-off point of -0.4169. Binary logistic
regression analysis yielded an OR of 3.000 (p-value=0.003, 95% C.1.= (1.440, 6.249)). Thus,
samples with a combined miRNA RQ above -0.4169 are 3 times more likely to be a pre-
operative case than a control.

2 When comparing the post-operative cases (n=60) to the controls (n=110), ROC analysis gave
an AUC of 67.0% (95% C.1.=(0.577, 0.763)). This created a cut-off point of -0.3255. Binary
logistic regression analysis yielded an OR of 2.275 (p-value=0.023, 95% C.1.= (1.120, 4.621)).
Thus, samples with a combined miRNA RQ above -0.3255 are 2.275 times more likely to be a
post-operative case than a control.
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(AUC, area under the curve; C.I., confidence interval; ROC, receiver operative curve; RQ,
relative expression).
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Sample AUC, % Cut-off Odds
size type | Comparing (95% C.1.) value Ratio P-value 95% C.I.
Pre-op vs 72.3
controls! (0.641, 0.805) -0.4169 3 0.003  (1.440, 6.249)
Samples
in analysis = Gender -0.4169 1.553 0.184 (0.811,2.972)
Samples Smoking
in analysis | status -0.4169  1.424 0.331  (0.699, 2.902)
Samples
in analysis = Age -0.4169 1.386 0.341 (0.707,2.718)
Post-op vs 67.0
controls? (0.577,0.763) | -0.3255 2.275 0.023 ' (1.120, 4.621)
Samples
in analysis = Gender -0.3255  1.824 0.078 ' (0.936, 3.555)
Samples Smoking
in analysis = status -0.3255  1.925 0.084 (0.916, 4.047)
Samples
in analysis = Age -0.3255 | 1.532 0.225 (0.769, 3.050)

Table 3.9: Binary Logistic Regression Risk Score Analysis Comparing Pre-operative, Post-
operative, and Controls with Followed Analysis of the Parameters Gender, Smoking Status,
and Age in Samples Only Included in the Analysis

ROC analysis was performed to calculate the AUC and obtain the cut-off point used in binary
logistic regression analysis. This created an OR showing that if a samples combined miRNA RQ
is higher than the cut-off point, the sample is that much more likely to be a case than a control.
Using the cut-off points from comparing either the pre-operative, post-operative, or controls
groups, binary logistic regression was repeated to look at gender, smoking status, or age
affecting the results. When comparing pre-operative cases and controls, as well as post-operative
cases and controls, none of the parameters showed statistically significant results, inferring that
the results are not due to gender, smoking status, or age. This was done in the sample size
included in the final analysis (pre-operative (n=64), post-operative (n=60), and controls
(n=110)).

' When comparing the pre-operative cases (n=64) to the controls (n=110), ROC analysis gave a.
AUC of 72.3% (95% C.1.=(0.641, 0.805)). This created a cut-off point of -0.4169. Binary logistic
regression analysis yielded an OR of 3 (p-value=0.003, 95% C.1.= (1.440, 6.249)). Thus, samples
with a combined miRNA RQ above -0.4169 are 3 times more likely to be a pre-operative case
than a control.

2 When comparing the post-operative cases (n=60) to the controls (n=110), ROC analysis gave
an AUC of 67.0% (95% C.1.=(0.577, 0.763)). This created a cut-off point of -0.3255. Binary
logistic regression analysis yielded an OR of 2.275 (p-value=0.023, 95% C.I1.=(1.120, 4.621)).
Thus, samples with a combined miRNA RQ above -0.3255 are 2.275 times more likely to be a
post-operative case than a control.
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(AUC, area under the curve; C.I., confidence interval; ROC, receiver operative curve; RQ,
relative expression).

78



ROC Curve ROC Curve

1.0 1.0
0.8 0.8
> Fo
067 506
= s
*x =
2 <
S @
] )
0.4 0.4
0.2 0.2
0.0 T T T T T T 0.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity
ROC Curve
1.0
0.8
:EOAé_
*x
w
<
]
()
0.4
0.2
0.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 10
1 - Specificity

Figure 3.1: Receiver Operating Curve (ROC) Analysis Comparing Pre-operative, Post-
operative, and Controls, Disregarding Recurrence
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A) Resulting ROC analysis from comparison of pre-operative and controls. AUC was then
calculated resulting in an AUC of 72.3% (95% C.1.=(0.641, 0.805)).

B) Resulting ROC analysis from comparison of pre-operative and controls. AUC was then
calculated resulting in an AUC of 67.0% (95% C.1.=(0.577, 0.763)).

C) Resulting ROC analysis from comparison of pre-operative and post-operative. All post-
operative samples were included regardless of recurrence or not. AUC was then calculated
resulting in an AUC of 52.4% (95% C.1.= (0.421, 0.627).

(AUC, area under the curve; C.I., confidence interval; ROC, receiver operating curve).
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Figure 3.2: Receiver Operating Curve (ROC) Analysis Comparing Recurrence and No
Recurrence of Cancer Between Pre-operative and Post-operative Plasma Samples

A) Resulting ROC analysis from comparison of pre-operative and post-operative samples that
did not have cancer recurrence at the time of post-operative plasma sample collection. AUC
was then calculated resulting in an AUC of 53.1% (95% C.1.=(0.421, 0.641)).

B) Resulting ROC analysis from comparison of pre-operative and post-operative samples that
have cancer recurrence at time of post-operative plasma sample collection. AUC was then
calculated resulting in an AUC of 53.6% (95% C.1.=(0.228, 0.843)).

(AUC, area under the curve; C.I., confidence interval; ROC, receiver operating curve).
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Chapter 4: Discussion

4.1: Demographic Analysis

4.1.1: Population Demographics

When looking in depth at the population demographics, there are issues that could affect the
results seen in Chapter 3. The first of which are the higher proportion of male to female cases
than controls. Even gender representation was sought for during experimental planning, but

ultimately not possible due to the availability of early stage NSCLC cases in tissue banks.

Another contrast in the populations’ demographics is smoking history. Cases have a much higher
smoking history with 53.5 pack years compared to the controls 30.8 pack years. This was another
parameter that the study had little control over, due to tissue bank availabilities. It is difficult to
determine if smoking history has an effect on miRNA levels, as this has yet to be investigated
thoroughly. Despite this, the NLST criteria for participants eligible for annual screening must
have at least a 30 pack-year smoking history, which both the case and control groups meet (23).
It would be beneficial to investigate miRNA levels of miR-21, 155, 210, and 223 in order to

determine if the amount a person has previously smoked does affect these parameters.

The cases population was comprised of NSCLC, but there are many different histological
subtypes. AC comprised 49.3% of cases, and SCC with 44.9% of cases. It is important to note
that it is not known if there are different dysregulation levels of the miRNAs used in this study
when comparing different subtypes of NSCLC, as well as if other miRNAs are greatly affected
in different subtypes. Also, our population contained 5.8% of “other” types in NSCLC (Table
3.1). In order to maintain statistical power, we were not able to separate these histological groups

and do separate analyses to look for differences in miRNA expression.
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All patient demographic information provided from the tissue banks was blinded, therefore there
is no possibility of patient follow up. Although all cases provided in the study are in stage I-II, a
select few had a greatest tumour dimension > 10 cm being reported. The information given from
the tissue banks measured tumour dimensions from CT imaging before tumour resection,
resulting in the sizes being approximate rather than definite. True tumour dimension is not given
post-resection, and with patient follow up not being possible, we cannot get an accurate tumour
measurement. It is possible that some samples received had tumour sizes large enough to be
classified as stage III NSCLC, but without being able to verify this information, and the need of

samples for proper sample size, these samples were kept in the study.

Overall, smoking history, tumour histology, and tumour size accuracy are factors that could

contribute to the results seen in this study, which will be discussed further.

4.1.2: Demographics of Pre-operative and Post-operative versus Controls and Patient

Recurrence Status

Although some samples were excluded in analysis, this did not affect the overall demographics

of the study.

Gender in the 64 pre-operative samples and 60 post-operative samples were predominantly male,
with 60.9% and 63.3% being male, respectively. Also, average age was similar between the pre
and post-operative groups with a mean age of 62 and 62.08 years, respectively. Comparing
smoking history, the pre-operative and post-operative group have similar measurements of 51.5
and 51.69 pack-years, respectively. But, it is not known what the smoking status differences
were between these two groups. As previously stated, smoking status was similar between cases

and controls overall, but it is not known if a proportion of patients quit smoking during the 5-8
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months after tumour resection and post-operative blood sample retrieval. It is possible that with
the serious diagnosis of lung cancer, this could motivate the patients’ decision to quit smoking.

Unfortunately, this information was not provided by the tissue banks.

When looking at patient recurrence, only 11.6% of samples were affected.

4.2: Quantitative Reverse Transcriptase Polymerase Chain Reaction (QRT-PCR)

Expression

4.2.1: microRNA Extreme Value Expression

When measuring miRNA relative expression, there were values that were considerably higher
than the majority of other measurements in the qRT-PCR analysis. To assist with this, the values
underwent a logarithmic transformation. Despite this, there were still extreme values present.
Rather than remove these extreme values, they ultimately were kept in the final analysis to
ensure accuracy of the overall study. These extreme values could be due to the issue of possible
inaccurate end point quantification, caused by the difficulty of maintaining linearity during the

multiple cycles required to measure miRNA (177-179).

4.2.2: Extreme microRNA Relative Expression Values in Pre-operative and Post-operative

Blood Plasma Samples

As depicted in Table 3.5, there are several underlined values that are considered to be extreme.
Overall, miR-223 was the only miRNA with occurrences of this, with 7 pre-operative samples
and 1 post-operative sample having extreme values. One possibility for these samples having
extreme miR-223 expression could be due to sample contamination. It is uncertain at which step

during sample analysis this could have occurred. The first person in contact with the sample is
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the medical professional collecting the blood, followed with another professional isolating the
plasma, and putting it into storage. All samples are stored in small aliquots to ensure no to
minimal freeze-thaw cycles can occur, thus these samples are not opened again until they are
received at the University of Alberta and analyzed with strict protocols to ensure contamination
does not occur, as described in Chapter 2. When samples arrived, all packaging and sample
aliquots were inspected to ensure no damage, thawing, or leakage was present, and this did not
occur. Also, all samples were inspected, handled, and analyzed by one person to ensure
consistency in the experimental conditions. With more variation, and no ability to look at
personnel records, occurring before samples were received at the University of Alberta, it is

more likely that contamination of samples, if any, ensued during this time.

Another possibility for the presented extreme miR-223 values is the possibility that miR-223
may not be a good indicator for dysregulation due to NSCLC. This is possible, as all other

miRNAs did not present extreme values in the pre-operative and post-operative groups.

The extreme values for miR-223 are peculiar, as they are seen predominantly in the pre-operative
samples than post-operative. Currently, there is not great understanding in the pathways and
proteins targeted by miR-223, thus it is unclear on why these extreme values are occurring only
for miR-223 in the pre-operative and post-operative samples and not the other miRNAs

measured.

4.2.3: Extreme microRNA Relative Expression Values in Control Blood Plasma Samples

In control samples, there are several extreme miRNA relative expression values as well. There
are 3 samples with miR-155 extreme values, 2 for miR-223, and 1 sample for miR-210 (Table

3.6). As expressed above, this is likely due to sample contamination.
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4.3: Pre-operative Blood Plasma Samples Can Be Differentiated from Controls Using

Binary Logistic Regression

When comparing pre-operative blood plasma samples to control blood plasma samples, a
significant binary logistic regression analysis occurred. But, there are factors of the analysis that

must be highlighted and challenged regardless of this result.

When the AUC was calculated, a result of 72.3% was found. Although this is acceptable for the
statistical analysis to continue, it is not optimal. For a test to be considered “good”, an AUC
should be above 85%. This is to ensure accuracy of the test being performed, ensuring that biases
and confounding factors seen commonly in screening studies using biomarkers (180). This
further reflects on the sensitivity and specificity calculated, which will be discussed further
below. Using the AUC, a cut-off value of -0.4169 was found. This cut-off point is the combined
miRNA relative expression profile, and patients with a miRNA profile above this cut-off value

are 3 times more likely to be a case than a control.

Although these results are significant (p=0.003), interpretation of the results must be done with
caution. As previously stated, the less than optimal AUC value resulted in a sensitivity of 81%
and specificity of 41%. With specificity below 95%, in order for the risk score analysis to be
considered a proper screening test, the sensitivity would have to be above 95%, as recommended

for effective screening of different cancers (12). Unfortunately, this is not the case.

To further ensure that the significant results seen are due to NSCLC and not another factor,
more binary logistic regression analyses were done to rule out that age, smoking status, and
gender were not factors that produced these results. It is important to note that due to the

available information given by the tissue banks, patients were separated into current or ex-
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smoker groups, but it is not known how long a patient had to have quit smoking for in order to be
considered an ex-smoker. None of the factors showed significant binary logistic regression
results using the same miRNA profile cut-off of value -0.4169. Therefore, this cut-off value
cannot show risk of being a case when looking at these factors. This allows us to eliminate the
factors from confounding our results, as well as the exclusion of samples from affecting the

overall trend seen in our analysis.

Overall, a risk score analysis could be useful in screening for lung cancer in the high risk
population, but not on its own due to the low AUC measurements, and subsequent low

sensitivity and specificity measurements.

4.4: Post-operative Blood Plasma Samples Can Be Differentiated from Controls Using

Binary Logistic Regression

When using binary logistic regression, post-operative blood plasma samples were found to be
differentiable (p=0.023) from controls 5-8 months post tumour resection. Similarly to the pre-
operative versus controls analysis, a less than optimal AUC of 67% was calculated giving a
miRNA profile cut-off point of -0.3255. Therefore, patients with miRNA profile values above
this point were 2.275 times more likely to be a case than control. A sensitivity of 77% and
specificity of 41% were calculated. Also, analysis looking into the factors age, smoking status

and gender were not significant.

This finding was surprising, as tumours were resected several months before blood withdrawal,
and miRNA levels did not return to “normal”, or similar levels as the controls. One reason for

this could be due to cell-to-cell communication via exosomal miRNAs.
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miRNAs are spilled extracellularly via exosomes from within the cytoplasm, allowing the
proteins to explore into the blood stream (where they are further measurable in blood plasma)
and can be re-uptaken into neighbouring cells, regardless of malignancy (5-7, 181). Due to
miRNAs affecting targeted mRNA expression, they can affect the healthy cells next to the
tumour tissue (5-7, 181). What is unknown is how long miRNAs can affect these healthy cells
for. Previously, we hypothesized that through waiting long enough these levels would return to
normal in the neighbouring cells, allowing for miRNA profiling to also look at cancer
recurrence. There is very little research regarding miRNA levels post-operatively in cancer. One
study performed in China investigated lung carcinoma measuring miR-21, 24, 30d, and 205 in
blood serum using 82 cases and 50 controls pre and post-operatively. Pre-operatively, these 4
miRNAs were statistically significant when comparing cases and controls, but 10 days post-
operatively only miR-21 and 24 were statistically significantly decreased (182). Another study
investigating miRNAs in cancer pre and post-operatively was a study done in Japan looking at
gastric carcinoma. miR-451 and 486 were measured in blood plasma pre-operatively and 1-2
months post-operatively. They found that there was a statistically significant decrease in these
two miRNAs expression (183). Unfortunately, there are not any studies similar to ours that
investigates NSCLC in blood plasma pre and post-operatively. These studies do show that
miRNAs decrease after tumour resection, but these measurements are taken much earlier post-
operatively than our study. Further experimentation is required to understand these mechanisms,

as they are not well described.

To assist with these findings, experimentation that thoroughly analyzes miRNA levels over time
would need to occur. Future research into this could characterize the changing miRNA levels

post tumour resection, as with the limited information given from the tissue banks, we are unable
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to determine if the miRNA levels changed at some point between blood withdrawal pre-

operatively and post-operatively, then perhaps returned to their pre-operative levels.

4.5: Pre-operative and Post-operative Blood Plasma Samples Cannot Be Differentiated

Using Binary Logistic Regression Regardless of Cancer Recurrence

Through the use of binary logistic regression, pre-operative and post-operative blood plasma
samples are not significantly differentiable from one another, regardless of cancer recurrence.
This finding follows the trends previously shown, and supports the finding that miRNA levels

return to similar pre-operative levels 5-8 months post tumour resection or do not change.

4.6: Use of CT Scanning in Conjunction with microRNA Profiling Could Have Better

Sensitivity and Specificity in Screening for Non-Small Cell Lung Cancers (NSCLC)

Despite the statistically significant results found in this study, our binary logistic regression
analysis does not yield high enough sensitivity and specificity values (12) to be a screening
protocol on its own. But, our findings do show promise that miRNA profiling could be the right
direction for screening the high risk population in NSCLC. Out of all the other studies
investigating this, the only study that achieves a high enough sensitivity and specificity is one
conducted in the USA with a sensitivity of 86% and specificity of 96% (145). But, this study
does not have a large enough sample size (cases=58, controls=29), and investigates miR-21, 126,

21-, and 486-5p making it difficult to compare to one another.

Another important point is that there are 12 miRNAs investigated in NSCLC in blood plasma
(miR-20a, 21, 210, 145, 155, 182, 197, 221, 223, 486-5p, 944, and 3662) (143-151). With further
investigation into these miRNAs, it would be beneficial to find the key players that would be

useful for a NSCLC screening test. Through the use of the miRNAs that show the highest
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disparity of dysregulation between cases and controls, a more accurate miRNA profile could be

formulated.

Another important issue to consider is the current screening protocols used for detecting lung
cancer. As discussed in chapter 1, CT scanning is the current standard for this, but has issues
with low specificity and high false positive rates (10, 24, 25). But, the criteria used for selecting
the high risk population does not include important parameters such as family history of cancer,
socioeconomic status, smoking intensity and exposure to carcinogens other than smoking
tobacco (23). It would be beneficial for this to be changed to ensure that the high risk population

includes persons with parameters other than just smoking and age.

Overall, through the optimization of both miRNA profiling and CT scanning, through finding the
key miRNAs that are dysregulated in lung cancer, as well as including other important
parameters into the high risk population, the accuracy of screening for lung cancer could be
improved by combining these techniques. This would maximize the efficacy of the test and

minimize the impact on the patient.
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Chapter 5: General Conclusions

In cancer, it is well known that lung cancer has the highest mortality rates of all cancers
worldwide due to general late stage diagnosis. Late stage diagnosis occurs due to the disease
being asymptomatic in early stages (1, 2). But, in the late stages of lung cancer, the disease is not
easily treatable with less than 14% of cases having a 5-year survival rate (8). The use of
screening methodologies has been used to attempt to counteract this issue through screening the

high risk population.

As previously discussed, the current screening method used to screen for lung cancer is low-dose
CT scanning, which has low specificity and results in a high rate of false positive lung cancer
screenings (10). This is leading to unneeded biopsies, hospital stays, costs to the economy, and
patient anxiety, showing a great need for more efficacious methods to screen for lung cancer, and

increase early stage diagnosis.

miRNAs have shown to be useful candidates as biomarkers for lung cancer screening, as they are
tissue specific, detectable in small quantities, highly stable, and show dysregulation in different
cancers. They are detectable in biological fluids, such as blood plasma, and can be combined
together to create a “profile”, allowing researchers to use these to attempt to screen for lung

cancer in the high risk population (5, 6, 7).

The aims for this thesis are to use miRNA profiling and test its ability to distinguish cases from
controls in early stage NSCLC pre-operatively and post-operatively through blood plasma

measurement.

Experimentation started with obtaining 70 early stage NSCLC blood plasma samples from tissue

banks, receiving two samples per patient with the first being pre-operatively and the second 5-8
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months post tumour resection. 110 controls with similar smoking history and no past history of
malignancy were used. Through qRT-PCR and binary logistic regression risk score analysis, we
were able to differentiate cases from controls and characterize miRNA profiles in order to create

a risk score for the probability that a sample is a case.

We found that when comparing pre-operative blood plasma samples to controls, binary logistic
regression differentiated the two groups with relatively good sensitivity, but not great specificity.
Similar results were found when comparing post-operative blood samples to controls. The results
showed that, despite our hypotheses, miRNA levels either did not decrease over the 5-8 months
between the two sample retrievals, or they lowered, then increased again similar to their pre-

operative levels.

As previously discussed, these post-operative levels could be due to the cell-to-cell
communication via miRNAs once they leave the malignant cell. But, it is not yet known how
long miRNAs can communicate to their neighbouring cells, or how strong of an effect they have

in general to miRNA levels in neighbouring, non-malignant lung tissue.

Although these results have shown promise, there are limitations. The overall findings in this
study of miRNA profiling are not strong enough to be an independent screening test, and would
need to be perfected and improved, or combined with other screening methodology, such as CT
screening. It is possible that with the combination of CT scanning and miRNA profiling, that we
could improve the current issue of high false positive screening currently seen in common

protocols. Studies combining these two methodologies would be very beneficial.

Another limitation is the use of qRT-PCR for measurement of miRNAs. Overall, qRT-PCR is

expensive and requires different levels of professional personnel to obtain a result. Medical
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professionals are needed to retrieve blood samples, lab technicians are required to isolate and
analyze the miRNA samples, as well as statisticians to perform the binary logistic regression
analysis. The need for many levels of professionals and cost would make it difficult to
implement this protocol to the bedside. Future investigation into other methods of miRNA

measurement would be useful to the implementation of miRNA profiling into medical practice.

Despite these limitations to miRNA profiling, there are advantages when compared to low-dose
CT scanning as a lung cancer screening method. CT scans have long waits, and are not available
to persons living in rural areas. Also, there is some concern with repeated exposures to radiation
through CT scans. Receiving a blood test could be a minimally invasive alternative to these

1Ssues.

Our study also only investigates miRNA profiling in NSCLC, leaving out 10-15% of SCLC
cases. Due to the different characteristics, prognostics, and malignant nature of SCLC, future

investigation would be required to characterize the miRNA levels of these lung cancer cases.

Overall, this analysis shows that miRNA profiling could be a useful screening method in early
stage NSCLC. We propose that through more research and refinement of the protocols presented
in this study, miRNA profiling could be the first step in screening protocols. By giving a high
risk patient a simple blood test, this could eliminate the long waits and limited availability of CT
scans. But, with miRNAs not being strong enough as an independent screening method, patients
with a positive blood test results could go on to receive a low-dose CT scan, to check for a false
positive result and locate the proposed lung cancer for biopsy. With an additional step in
screening protocols, this could decrease the amount of unneeded biopsies that are currently

occurring with the use of CT scanning alone.
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This study demonstrates the promise in miRNA profiling as a screening method in the high risk

population, and warrants future research in the field of lung cancer screening.
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