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Introduction

In the 21st century, cancer is a significant social, public health and economic problem.
Internationally, it is responsible for almost one in six (16.8%) and one in four (22.8%) deaths
from non-communicable diseases, three out of ten premature deaths from non-
communicable diseases are caused by cancer (30.3% in people aged 69 years and over), and
in 177 out of 183 countries, cancer is one of the top three causes of death for this age group
[1].

Cancer not only significantly reduces life expectancy, but also involves significant
social and economic costs that differ according to the type, geographical area and gender of
the patient [2].

Given the occupancy of each of the top 5 cancers worldwide in 2022 in terms of
incidence and mortality according to the International Agency for Research on Cancer (Table
1) [1,3], we considered that addressing lung and colorectal cancer makes an important
contribution to the scientific community at the international level.

Table 1. Top 5 cancer incidence and mortality worldwide in 2022 [1,3].

Top [Cancer localization |Incidence [Top [Cancer localization Mortality
Trachea, bronchi and _
1 2480675 |1 Trachea, bronchi and lungs (1817469
lungs
2 San 2296840 |2 Colorectal 904019
Liver and intrahepatic bile
3 Colorectal 1926425 |3 758725
ducts
4 Prostate 1467854 |4 San 666103
5 Stomach 068784 5 Stomach 660175

In terms of incidence and mortality by type of cancer in Romania in 2022, the data
reported to the International Agency for Research on Cancer coincide for lung and colorectal
cancer mortality, but colorectal cancer incidence is in first place (Table 2) [1,3].

Table 2. Top 5 cancer incidence and mortality in Romania in 2022 [1,3].

Cancer ) o )
Top o Incidence Top |Cancer localization Mortality
localization
1  (Colorectal 13541 1 Trachea, bronchi and lungs {10530
2 [San 12685 2 Colorectal 7381




Trachea, bronchi

3 11716 3 San 3877
and lungs
Liver and intrahepatic bile
4  Prostate 10442 4 3495
ducts

5  Urinary bladder 5157 5 Pancreas 3209

I. General part

1. Lung cancer

1.1. Epidemiology of lung cancer

Lung cancer ranks first in cancer incidence worldwide, with 2.48 million new cases in
2022 and first among cancer deaths with 1.8 million deaths [1].

In 2022, according to the International Agency for Research on Cancer, 104,661 new
cases of cancer were diagnosed and 56,216 cancer-related deaths were recorded in Romania.
Romania has one of the highest mortality rates in Europe for most cancers [4].

According to a recent study, adenocarcinoma was the most prevalent lung cancer
subtype worldwide in 2020, with higher incidence rates than squamous cell carcinoma in
most male-dominated countries and in all 185 female-dominated countries [5].

The five-year survival rate for lung cancer is typically less than 20% in most countries
[6]with little variation according to the development of society [7].

A study conducted in developed countries on survival differences by stage, histologic
subtype and sex showed that treatment-related factors, healthcare systems and degree of

comorbidity may play an important role [8].

1.2. Risk factors associated with lung cancer

Lung cancer is associated with alterations in tumor suppressor genes within the
genome. The presence of an initiating event, such as a mutation, can alter the tumor
suppressor gene by deleting or adding segments of DNA base pairs. In addition, expression
of erbB1 and/or erbB2 genes contributes to the inhibition of apoptosis (programmed cell
death). Alterations in the expression patterns of these genes lead to the transformation of
target cells, especially lung cells, into cancer cells with uncontrolled proliferative capacities
[9,10].

These cancers are marked by certain environmental and occupational risk factors such

as gender, age, smoking, radon and air pollution [11-15] and, above all, genetic factors.



The main risk factors involved in lung cancer are:

a) Like

b) Age

) Family history
d) Smoking

e) Radon

f) Air pollution

g) Genetic factors

The relevance of family history of cancer, particularly for people with early-onset lung
cancer, has been emphasized by incorporating this information into various lung cancer risk
assessment models [16,17].

In particular, smokers with a family history of lung cancer face a two-fold increased
risk of developing the disease, and even non-smokers with a family history are at high risk
[18].

Studies have identified high-effect genomic associations between rare genetic variants
in BRCA2 and CHEK?2 and an increased risk of squamous cell lung cancer, which have been
described in a European population cohort [19].

One study reported 22 out of 21 genes (including ATM, CXCR2, CYP1A1, CYP2EI,
ERCCI, ERCC2, FGFR4, SOD2, TERT and TP53) as having significant associations with
lung cancer susceptibility [20].

Genome-wide association studies have identified 18 genetic loci associated with
susceptibility to different histologic subtypes of lung cancer [21]. This research has
highlighted RNASET2, SECISBP2L and NRG1 as potential candidate genes, in addition to
the nicotinic cholinergic cholinergic receptor CHRNA?2 and telomere-related genes OFBC1
and RTEL1, demonstrating the genetic complexity underlying the development of this
malignancy [21].

Genetic factors implicated in lung cancer susceptibility include cell cycle-related genes
such as the tumor suppressor genes p53 and p73, as well as the apoptosis genes FAS and
FASL. In addition, biomarkers such as DNA adducts (a piece of DNA covalently linked to a
chemical such as safrole, benzopyrenediol epoxide, acetaldehyde) can be used to assess
carcinogenicity and lung cancer risk. In addition, epigenetic DNA modifications, including
DNA methylation, histone deacetylation, and phosphorylation, have been linked to increased

susceptibility to lung cancer by influencing gene expression [22].



1.3. Lung cancer screening

Lung cancer generally has a poor prognosis, as most patients are diagnosed at an
advanced stage, resulting in a five-year survival rate of only 13%, with notable regional
disparities across Europe. This unfavorable outcome is related to the late identification of
the disease, with 50-70% of cases typically presenting at an advanced stage, as opposed to
15-25% detected early [23].

The implementation of screening programs to enable early detection of lung cancer
has the potential to reduce mortality rates and improve patient outcomes, particularly among
high-risk populations [24].

Although significant research has explored the potential of biomarkers as indicators of
lung cancer, their integration into lung cancer screening study protocols remains limited to
date [25-28].

1.4. GWAS in lung cancer

In the last ten years, genome-wide association studies in lung cancer have been able to
identify more than 45 genomic loci [19,21,29-37]. A large proportion of these loci have been
associated with different subgroups correlated with histologic subtypes and smoking status,
indicating a complex biological process underlying the oncogenic process of lung cancer.

Biomarkers can be categorized into several groups: those used for diagnosis, disease
staging, prognosis and guiding therapeutic decisions. In particular, there is a substantial body
of research focused on the early detection of non-small cell lung cancer (NSCLC), while
studies to assess and predict therapeutic response have also expanded rapidly [38-40].

Evaluation of circulating tumor cells (CTCs) is of great value in assessing both
diagnostic markers and therapeutic efficacy [38].

Evaluation of the expression of CEA, aldosterone, thymidylate synthase, PD-1/PD-L1
and ERCCI1 has been shown to be essential in assessing therapeutic efficacy, aligning with
the personalized treatment approach for non-small cell lung cancer [38].

Quantification of the expression of the long non-coding RNA SPRY4-IT1 has provided
valuable insights into the mechanisms of lung cancer development and prognosis, making it
a promising target for future research and investigation [40].

Among the biomarkers identified in different studies, folate receptors expressed on
circulating tumor cells, which can be detected in peripheral blood samples, have
demonstrated efficacy in distinguishing between benign lung diseases and non-small cell

lung cancer (NSCLC). In addition, other biomarkers have shown promise in assessing



therapeutic efficacy, in supporting prognostic assessment and in guiding the selection of the

most appropriate therapeutic approach [38].
2. Colorectal cancer

2.1. Epidemiology of colorectal cancer

According to global estimates, in 2022 there were more than 1.9 million new cases of
colorectal cancer and an estimated 904,000 deaths attributable to the disease, accounting for
about one-tenth of the total global cancer burden [1].

Colorectal cancer ranks 3rd in cancer incidence worldwide with 1.92 million new cases
in 2022 and 2nd in cancer deaths with 903,859 deaths [1].

As an indicator of socioeconomic development, colorectal cancer incidence rates have
steadily increased in developing countries [41,42], including countries in Eastern Europe,

Southeast and South Central Asia and South America [43,44].

2.2. Risk factors associated with colorectal cancer

It is estimated that about 20% of colorectal cancer cases have a family history of the
disease. In addition, certain genetic syndromes, such as hereditary non-polyposis colorectal
cancer, account for about 3% of colorectal cancers, while conditions such as Gardner
syndrome and familial adenomatous polyposis are strongly associated with colorectal cancer
and account for about 1% of all cases. However, the predominant factor driving the majority
of colorectal cancer cases appears to be environmental influences rather than inherited
genetic alterations [45].

The development of colorectal cancer appears to be influenced by a complex set of
factors, including dietary habits, lifestyle behaviors and various environmental exposures.
Factors such as environmental and food-borne mutagens may contribute to the development
of this malignancy [46]. In addition, gut microbiome disorders and subsequent chronic
inflammation have been identified as additional risk factors for colorectal cancer,
contributing to approximately 20% of all cases [47-49]. The dysregulation of the gut
microbiota appears to promote a chronic inflammatory state that may precede and lead to
the development of colorectal tumors [47,50].

Approximately 5% of all colorectal cancers are attributed to the most common cancer
syndromes called familial adenomatous polyposis and Lynch syndrome [51,52].

This section will examine the various risk factors associated with colorectal cancer:

a) Age
b) Family history and genetics



c) Lifestyle factors
2.3. Colorectal cancer screening
Colonoscopic screening and surveillance has been shown to reduce the risk of
colorectal cancer by allowing direct removal of precancerous lesions and early detection of
colorectal cancer [53,54].
Studies have demonstrated that the SEPT9 DNA test has a reasonably high sensitivity
and specificity for the detection of colorectal cancer [53].
Genetic testing can help determine whether people from certain families have an

inherited cancer syndrome that increases their risk of colon cancer [55].

2.4. GWAS in colorectal cancer
Genome-wide association studies have not only identified common genetic variants
associated with colorectal cancer susceptibility, but have also highlighted the importance of
rare missense variants in disease risk [56].
Genome-wide association studies have further explored the interaction between

genetic variation and environmental factors such as alcohol consumption [57].

II. Personal contributions

3. Working hypothesis and general objectives

Genome-wide association studies using large cohorts of Eastern European populations
may be a first step towards identifying patients predisposed to oncologic diseases such as
lung and colorectal cancer in Romania.

Establishing associations between the population genetic profile and the mechanisms
underlying the genetic etiopathogenesis of colorectal and lung cancer is the objective of this
thesis.

The association of an infectious disease with an oncologic disease adversely affects
the quality of life, number of hospitalizations, complications and prognosis of patients'
survival rate.

I mention that there are very few national genetic studies on colorectal and lung cancer

at the time of publication of this thesis.

4. General research methodology

Study data come from the ROMCAN (Genetic epidemiology of Cancer in Romania)
research grant. This project, which was coordinated by the University of Medicine and

"Pharmacy Carol Davila", Faculty of Medicine in Bucharest, in collaboration with the



Institute "DeCode Genetics" from Iceland, was carried out between 2014 and 2017 . The
project assessed risk factors for prostate, breast, colon, lung and rectal cancers.

The retrospective cross-sectional study included patients from two clinics in Bucharest
(Theodor Burghele Urology Clinic and Sfanta Maria General Surgery Clinic) for various
medical conditions.

Lung and colorectal cancer patients who were treated at the clinics participating in the
project made up the case cohort. Patients without neoplasia constituted the control cohort.

Prior to enrollment in the study, patients gave written informed consent for the use of
personal, clinical data and biological samples for genetic research. The study was approved
by the Bioethics Commission of the Romanian College of Physicians and the study protocols
were approved by the National Ethics Commission of the Romanian College of Physicians.

Face-to-face interviews were conducted by trained interviewers using standardized
questionnaires to collect personal data (ethnicity, marital status, education, height and
weight), lifestyle data (occupation, smoking, coffee, alcohol and tea consumption) and
medical history (personal and family). The patients included in the study were of the

following origin

5. Genetic epidemiology of lung cancer

5.1. Introduction
The specific objectives are to identify the markers with the best association results with
lung cancer and to identify those common with those present in phenotype associations for

respiratory tract infections.

5.2. Material and method
5.2.1. Study population

The study cohort consisted of 2165 hospitalized patients, as follows: 1092 cases of
lung cancer confirmed on the basis of pathology reports from surgery such as biopsy or
cytology results and using clinical criteria, and 1073 control cases constituted by including
patients hospitalized for non-oncological medical pathologies.

Infections were defined using inpatient data based on International Classification of
Diseases (ICD)-10 codes. Clinically relevant entities, such as lower respiratory tract
infections in the context of chronic obstructive pulmonary disease (COPD), aspiration,
obstruction and opportunistic infections caused by immunosuppression, were defined by

reviewing all available ICD-10 codes.



5.2.2. Genotyping and data analysis

DNA was extracted using buccal swab samples and analyzed at deCODE Genetics
(Reykjavik, Iceland). The genotyping platform used was Infintum OmniExpress-24 bead
chips (Illumina). Bioinformatics data were analyzed using Plink! v1.07 [58,59]. 10% of
available markers were filtered using the Hardy-Weinberg equilibrium significance
threshold of 5 x 10°® . SNPS with a minor allele frequency below 1% were excluded. Each
chromosome was phased using SHAPEIT [59,60]. For imputation we used the 1,000
Genomes dataset [59,61], phase 3 October 3, 2014 used for patients genotyped in 2024 with
IMPUTE2 software [59,62].

SNPTEST was used for the association test [63], using a single binary phenotype
variable. All p values are two-tailed.

5.2.3. Selecting SNPs to replicate previous results

Based on the results of the NHGRI systematic literature review of the NHGRI catalog
of variants previously associated with lung cancer in GWAS [64], completed on August 11,
2022, a search query was completed with "lung cancer" as keyword.

After filtering the observed variants, we obtained a final set of 49 unique variants used
in our replication.

Infections are still common events in the natural course of cancer. During the course
of the disease, lung cancer patients frequently develop an infection that can ultimately be
fatal. Infections associated with lung cancer include lower respiratory tract infections in the
context of concomitant chronic obstructive pulmonary disease (COPD), aspiration,
obstruction and opportunistic infections due to immunosuppression [65].

A search query was performed with "infectious diseases of the respiratory tract" as
keyword. A total of 63 markers were initially retrieved from the GWAS catalog based on the

keyword search.

5.3. Results
A total of 24,295,558 markers were analyzed. Ten of the variants tested in the

Romanian GWAS reached genome-wide statistical significance (p-value <5 x 107 ), and 34
had p-values < 10° . Fig. 5.1 shows a Manhattan plot of the results. The strongest

associations were observed in chromosomes 5,6,8,10,10,12 and 15.
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Manhattan Plot for Lung Cancer
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Fig. 5.1. Manhattan plot of -log (p-value) values for lung cancer genetic variants. The Y-
axis shows the -log p-values10 and the X-axis shows the chromosomal position.
5.3.1.  Genetic analysis of SNP RS2808630 - CRP gene variant
The association test revealed a p-value of 7 x 107° for SNP RS2808630 , which is

found at position 159711078 on chromosome 1.
A localized variant after the CRP gene is represented by this marker.
5.3.2. Genetic analysis of SNP RS10849605 - RADS52 gene variant
The association test revealed a p-value of 6 x 107" for SNP RS10849605, which is
found at position 1064438 on chromosome 12.
An intronic variant of the RADS52 gene is represented by this marker.
5.3.3. Genetic analysis of SNP RS8042374 - CHRNAS3 gene variant
The association test showed a p-value of 8 x 10°*2 for SNP RS8042374, which is found
at position 78908032 on chromosome 15.
An intronic variant of the CHRNA3 gene is represented by this marker.
5.3.4. Genetic analysis of SNP RS8034191 - HYKK gene variant
The association test revealed a p-value of 3 x 107 for SNP RS8034191, which is found
at position 78806023 on chromosome 15.
An intronic variant of the HYKK gene is represented by this marker.
5.3.5. Genetic analysis of SNP RS481519 - NEK10 gene variant
The association test revealed a p-value of 2 x 10°° for SNP RS481519, which is found
at position 27327214 of chromosome 3.

11



An intronic variant of the NEK10 gene is represented by this marker.

5.3.6. Genetic analysis of SNP RS55781567 - CHRNAS gene variant
The association test revealed a p-value of 1 x 107 for SNP RS55781567, which is
found at position 78857986 on chromosome 15.
A prime 5 UTR variant of the CHRNADS gene is represented by this marker.

5.3.7. Genetic analysis of SNP RS748404 - TGMS5 gene variant
The association test revealed a p-value of 1 x 10°° for SNP RS748404, which is found
at position 43559231 on chromosome 15.

A variant located upstream of the TGMS5 gene is represented by this marker.

5.3.8. Genetic analysis of SNP RS402710 - CLPTMI1L gene variant
The association test revealed a p-value of 4 x 10°® for SNP RS402710, which is found
at position 1320722 of chromosome 5.
An intronic variant of the CLPTMI1L gene is represented by this marker.

5.3.9. Genetic analysis of SNP RS13181 - ERCC2 gene variant
The association test revealed a p-value of 9 x 107 for SNP RS13181, which is found
at position 45854919 on chromosome 19.

An intronic variant of the ERCC2 gene is represented by this marker.

5.3.10. Genetic analysis of SNP RS1530057 - RBMS3 gene variant

The association test revealed a p-value of 3 x 10 for SNP RS1530057, which is found
at position 29575463 on chromosome 3.

An intronic variant of the RBMS3 gene is represented by this marker.

We examined the expression position of each of the above genes in lung tissues by
comparison with other available tissues, using data that can be found in the public database
The Human Protein Atlas version 23.0 [66].

The expression of each gene in different lung tissue samples was analyzed using The
Human Protein Atlas version 23.0 [66] and we analyzed the RNA expression of each gene

in lung tissues and the results are shown in the table below:

SNPs Gena pTPM NTPM consensus
rs2808630 CRP 0,63 0,4
rs10849605 RAD52 10,02 3,9
rs8042374 CHRNA3 0,08 0,2
rs803434191 HYKK 1,26 2
rs48481519 NEK10 0,69 2,2
rs5555781567 CHRNA5 0,21 0,5
rs74748404 TGM5 0,14 0

12



rs402710 CLPTM1L 91,99 48,2

rs1313181 ERCC2 9,76 5,6
rs1530057 RBMS3 10,05 12,2
5.4. Discuss

Analyzing the results on loci associated with lung cancer and respiratory tract
infections, we have identified a number of important points that are involved in the biological
mechanisms and pathways for both pathologies. One interesting marker is RS115602847, an
intronic variant of the SPOCK1 gene. The SPOCK1 gene is known to be involved in the
proliferation and migration of non-small cell lung cancer cells through Wnt/B-catenin
signaling [67].

By citing gene expression databases, we observed that SPOCK1 expression at both
protein and mRNA levels was also increased in human NSCLC tissues and cell lines. It is
known that activation of the Wnt/B-catenin pathway is suppressed by SPOCK1 inactivation
[67]. The Wnt/B-catenin pathway plays an important role in embryonic development and
homeostasis of adult tissues [68]. Deregulation of Wnt/B-catenin signaling leads to various
cancerous and non-cancerous diseases [69].

Similar studies show that SPARC/osteonectin, cwcv and kazal-like domains
proteoglycan 1 (SPOCK1) is a novel transforming growth factor-p1 (TGF-f) target gene that
modulates epithelial-mesenchymal transition of lung cancer cells. TGF-f3 was previously
known to be an important inducer of epithelial-mesenchymal transition. We observed that
the expression of SPOCKI in lung cancer tumor tissues is significantly higher comparable
to normal lung tissues [70]. SPOCK1 expression was also significantly higher in tumor
tissues with metastases than in tumor tissues without metastases [71].

RS553613132 is an upstream variant of the SorCS1 gene, a gene known to be
significantly correlated with prognosis in several types of cancer [72]. Recent studies
indicate a strong association between SorCS1 and SKAM (stomach adenocarcinoma), TGCT
(testicular germ cell tumors), THCA (thyroid carcinoma), UVM (uveal melanoma) and other
cancers. The same study shows an increased mutation rate in SorCS1 [73].

Also, a comprehensive gene expression and distribution analysis during
carcinogenesis in squamous cell carcinoma of the lung showed a strong association between
SorCS1 and the studied phenotype (2.51 x 10 ).

Previous results also suggest an important role for the CHRNAS region as a genetic
risk factor for airflow obstruction strongly correlated with pneumonia phenotype [74].
Identification of a candidate signal for this gene in the Romanian results may provide future

insights into the correlation between lung cancer and pneumonia.
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Although there are a number of genetically and phenotypically correlated data in
Eastern European countries, the study provided valuable information on these two
pathologies, which epidemiologic data indicate that more than half of people with lung
cancer develop a respiratory tract infection.

The strong replication results validate the findings of the study and highlight genetic
associations between these two phenotypes specific to the Romanian population.

Despite the fact that genome-wide association studies are a type of study that has been
intensively used in the past for genetic prognostication, the novelty of the study approach is
based on the comparison of three factors: the association of two correlated phenotypes with
a large genetic database, the lack of similar information in Romanian, and the results of this
study may prove useful for the development of genetic prognostic tests.

The study allows us to refine the association results and exclude associations due to
differences in the definition of phenotypes between cohorts. Compared to previous studies,
replication studies may use cohorts with different ethnic and pathological characteristics.

Differences in ethnic and genetic characteristics lead to different association results
and, consequently, markers previously shown to be correlated with a risk variant may not
show an association in a population of different ethnicity. The results presented indicate that
at least nine genetic variants reach genome-wide statistical significance in the Romanian

lung cancer cohort.

5.5. Conclusions
Identified markers that have previously shown an association with respiratory tract

infections present in GWAS results may indicate a similar biological mechanism for both
pathologies.

The study results validate previously known SNPs associated with lung cancer risk in
the Romanian population.

6. Genetic epidemiology of colorectal cancer
6.1. Introduction

In the present study I attempt to identify genetic markers associated with colorectal
cancer susceptibility using a genome-wide association study and to evaluate the identified
genetic markers in the context of SARS-CoV-2 associated infections in the Romanian

population.

14



6.2. Material and method
6.2.1. Study population
The study cohort consisted of 1645 hospitalized patients, as follows: 576
histopathologically confirmed colorectal cancer cases and 1069 control cases constituted by

including patients hospitalized for non-oncologic medical pathologies.

6.2.2. Genotyping and data analysis
DNA was extracted from whole blood, analyzed at deCODE Genetics (Reykjavik,

Iceland) and genotyped using Infinium OmniExpress-24 bead chips (Illumina). Genotyping
data were filtered using Plink! v1.07 [58,59]. Approximately 10% of genotyped SNPs were
removed using a Hardy-Weinberg equilibrium significance threshold of 5 x 10 and by
excluding markers with a minor allele frequency less than 1%. Before imputation, each
chromosome was phased in a single run using SHAPEIT [59,60]. October 3, 2014 phase 3
markers of 1,000 genomes [59,61] were imputed in 2024 individual chips using IMPUTE2
software [59,62]with a posterior probability of 0.9 as a threshold to determine genotypes.
The genotype set was tested for population heterogeneity using principal component analysis
in ADMIXTURE software [59,75], and the results were consistent with a homogeneous
population.

The association test was calculated using SNPTEST [59,63], using a single binary

variable as response; all reported p values are two-tailed.

6.2.3. Selecting SNPs to replicate previous results
On August 4, 2023, using the NHGRI catalog of published genome-wide association

studies [59,64] as a starting point, a systematic literature review of colorectal cancer-
associated variants from previous GWASs was completed.

After filtering the results we used a final set of 35 distinct variants for replication.

A secondary systematic literature review was performed using the NHGRI catalog of
published genome-wide association studies [59,64] Searching for SNPs associated with
COVID-19 symptom measurement as search keywords. For the number of 15 identified
common markers, we found 5 markers in the Romanian GWAS results .

6.3. Results

The analysis was performed on a total of 24,295,558 markers. Among all the variants

tested in the Romanian samples, two markers have genome-wide significance (p <5 x 107

). The Manhattan plot of the results is shown in Fig. 6.1.

15



Manhattan plot for all p values in GWAS
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Fig. 6.1. Manhattan plot of -log (p-value) values for genetic variants of colorectal

cancer. The Y-axis shows the -log p-values10 and the X-axis shows the chromosomal
position.

6.3.1.  Genetic analysis of SNP RS10411210 - RHPN2 gene variant

The association test revealed a p-value of 5 x 10 for SNP RS10411210, which is
found at position 33532300 on chromosome 19.

An intronic variant of the RHPN2 gene is represented by this marker.
6.3.2.  Genetic analysis of SNP RS73376930 - GREMI1 gene variant

The association test revealed a p-value of 1 x 10" for SNP RS73376930, which is
found at position 33012502 on chromosome 15.

An intronic variant of the GREM1 gene is represented by this marker.
6.3.3.  Genetic analysis of SNP RS12241008 - VTI1A gene variant

The association test revealed a p-value of 1 x 10 for SNP RS12241008, which is
found at position 114280702 on chromosome 10.

An intronic variant of the VTI1 A gene is represented by this marker.
6.3.4.  Genetic analysis of SNP RS4939827 - SMAD7 gene variant

The association test revealed a p-value of 1 x 1012 for SNP RS4939827, which is found
at position 46453463 on chromosome 18.

An intronic variant of the SMAD7 gene is represented by this marker.

16



6.3.5.  Genetic analysis of SNP RS10936599 - MYNN gene variant

The association test revealed a p-value of 3 x 10 for SNP RS10936599, which is
found at position 169492101 on chromosome 3.

An intronic variant of the MYNN gene is represented by this marker.

We examined the expression position of each gene in tissues of the gastrointestinal
tract by comparison with other available tissues, using data that can be found in the public
database The Human Protein Atlas version 23.0 [66].

The expression of each gene in different tissue samples of the gastrointestinal tract was
analyzed using The Human Protein Atlas version 23.0 [66] and we analyzed the RNA

expression of each gene in colon and rectal tissues and the results are shown in the table

below:
SNPs Gena pTPM | nTPM consensus colon | NTPM consensus rect
rs10411210 RHPN2 | 12,16 22,9 18,4
rs7333376930 | GREM1 | 11,67 34,9 25,9
rs1224241008 | VTILA | 4,3 6,2 7,2
rs493939827 | SMAD7 | 20,45 13,7 13,1
rs10936599 MYNN | 20,45 55 6,8
6.4. Discuss

In the aftermath of the COVID-19 pandemic, cancer screening programs were reduced
or discontinued, creating difficulties in diagnosing cancers, including colorectal cancer [76].
Given this, a different approach involving genetic testing of high-risk individuals after the
initial detection of mismatch repair mutations by risk assessment using risk calculators
available for unaffected individuals is logically needed [77,78].

In most cancer cases, the impact of Severe Acute Respiratory Syndrome-Co
coronavirus (SARS-CoV-2) infections is particularly marked. As a result of the
immunosuppressive conditions associated with oncologic disease, most cancer patients are
more vulnerable to SARS-CoV-2 infections, showing more severe signs and symptoms than
the general population or most patients [79,80].

The effects of COVID-19 on cancer patients have been the subject of several published
studies. A previous study demonstrated that because anticancer treatments such as
chemotherapy and surgery induce a state of systemic immunosuppression, people with
cancer are more susceptible to infection than people without cancer [81,82].

By comparing the Romanian GWAS results for colorectal cancer with previously

published markers associated with COVID-19 symptom measures, we were able to identify
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several loci that may be useful in the future for the assessment of treatment, prognosis and
outcomes.

A particularly interesting finding is the TANK 1 gene. Type I interferons, which possess
essential antiviral characteristics such as the ability to counter SARS-CoV-2, have previously
been identified to be generated largely via the signaling function of this gene [83].
Malignancy-associated infection is one of the most worrisome long-term consequences that
could pose a serious threat to public health in the coming years. A number of key mechanisms
involved in cancer initiation and progression are affected by SARS-CoV-2 infection [84].

RNA sequencing datasets of the two diseases have been used in previous studies to
identify more than 200 common differentially expressed genes. Therefore, investigating the
underlying cause of these two diseases is essential [85]. Susceptibility to SARS-CoV-2
infection may be increased in colorectal cancer patients overexpressing the TANK1 gene
[86,87].

Also, in different populations, polymorphism of the TANK gene has also been
associated with the effects of hepatitis B virus, this gene having been previously studied in
relation to the prognosis of different infections and diseases [88].

The HIGD1A gene is another gene that plays a role in the specific suppression of basic
mitochondrial genes during SARS-CoV-2 infection. In tissues of SARS-CoV-2 infected
patients, there was increased expression of genes such as C2o0rf69 and HIGD1A, which
regulate OXPHOS, as well as mitochondrial MT-CO3, MT-ATP6 and MT-ND6 transcripts.
In addition, there was upregulation of genes controlling apoptosis and metabolism [89]. The
HIGDI1A gene has been evolutionarily conserved and is widely expressed in a variety of
tissues. It is involved in the prevention of apoptosis and helps the survival of different cell
types in hypoxic environments [90].

In addition, biomarkers that may aid in the prognosis of taste and olfactory impairment
due to COVID-19 complications were identified by computational analysis. Previous studies
have identified candidate genes that can help screen patients with COVID-19 and olfactory
and gustatory impairment based on sophisticated machine learning techniques. CCDC13
was one of the most significant genes with possible interactions between the olfactory system
and inflammatory responses caused by viral infection. Genetic variants for this gene were
identified in a GWAS study that was performed using data from Romania [91].

It is important to understand that in particular epidemiological situations such as

pandemics, reorganization and modification of screening strategies can be beneficial.
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COVID-19 has had a significant impact on colorectal cancer screening as well as on how we
will see it in the future.
6.5. Conclusions

Data obtained from 576 Romanian colorectal cancer patients revealed several SNPs
(mainly located on chromosomes 2 and 3) that corresponded to previously published data
(retrieved from GWAS Catalog and dbSNP databases).

We compared the results of GWAS performed on the Romanian population for
colorectal cancer with markers known in the literature to be associated with COVID-19
symptom measures. This analysis led to the discovery of potential loci that could be used in
future studies to assess future treatment, prognosis and outcomes.

7. Conclusions and personal contributions

7.1. Conclusions

During the PhD thesis two specialized articles were written: "A genome-wide
association study in a romanian lung cancer cohort identifies multiple loci associated with
susceptibility to respiratory tract infections" and "A genome-wide association study in a
romanian colorectal cancer cohort identifies genetic markers associated with susceptibility
to SARS-COV-2 infections" which were published in specialized journals.

Upon completion of my PhD thesis I set up a special database and biobank for lung
and colorectal cancer research in the Romanian population.

7.2. Personal contributions

We have published two GWAS-type studies investigating lung and colorectal cancer
in a Romanian population, as mentioned in the chapter "List of published scientific papers".

By assessing the genetic profile associated with lung and colorectal cancer in a
Romanian population, we have identified a set of markers with predictive value. The
identified markers and their characteristics for lung cancer are summarized in chapter 5.3
and for colorectal cancer in chapter 6.3.

As a result of establishing the frequency of risk alleles for lung cancer in Chapters
5.3.1 to 5.3.10 and for colorectal cancer in Chapters 6.3.1 to 6.3.5, it will be possible to
assess the hereditary risk in families at genetic risk.

We set up a special database and biobank for lung and colorectal cancer research in
the Romanian population.

The data can form the basis for the development of national genetic screening

programs for lung and colorectal cancer.
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The analysis performed within the ROMCAN project led to a genome-wide
assessment of a cohort of the Romanian population, representing one of the few GWAS
studies conducted at national level and placing our country in the international research

community using this type of studies.
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