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Resumo

O cancer de pancreas é uma das neoplasias mais letais em todo o mundo,
frequentemente resultando em desfechos desfavoraveis e falha do tratamento. Isso se
deve principalmente a auséncia de estratégias de rastreamento, dificuldades na
deteccdo precoce do tumor devido a falta de sinais ou sintomas especificos, e ao
comportamento agressivo da doenga. O sucesso do tratamento depende principalmente
da intervencao cirdrgica, que nem sempre é viavel. Além disso, o desafio € acentuado
pela baixa contagem de células tumorais e intensa desmoplasia, que sao caracteristicas
desta doenca. As mutagBes condutoras (do inglés: driver mutations) no gene KRAS é
prevalente, ocorre nos estagios iniciais do cancer de pancreas e sdo alvo de terapias
direcionadas. A mutacao missense ¢.34G>T (rs121913530) acarreta na substituicdo de
glicina por cisteina na proteina codificada KRAS p.G12C, sendo esta correlacionada
com pior progndstico e resisténcia a terapia em alguns canceres humanos, incluindo o
cancer de pulméao, mas pouco estudada em canceres pancredticos. Neste contexto, 0s
principais objetivos deste estudo foram: 1) investigar o impacto das variantes
patogénicas de KRAS no microambiente tumoral (MAT) e 2) planejar pequenas
moléculas que seletivamente se liguem a variante patogénica p.G12C do gene KRAS.
A composicdo das células imunes no MAT do cancer de pancreas foi predita pela
deconvolucgéo de dados de metilagdo de DNA usando uma coorte recuperada de bancos
de dados publicos (TCGA Pancreatic Cancer ou TCGA-PAAD). A avaliagdo de trés
conjugados de droga-sonda de infravermelho foi realizada no software PyRx (Virtual
Screening software for Computational Drug Discovery) para prever in silico a melhor
orientagdo e conformacdo dos compostos de teste ligados a KRAS p.G12C (codigo
PDB: 60IM). A andlise de metilagdo do DNA revelou perfis distintos de acordo com o
grau de pureza da amostra tumoral e a presenca de mutacbes em KRAS. A
deconvolucédo dos dados de metilacdo do DNA para predi¢do das fragGes de células
imunes revelou trés padrées de MAT: hipoinflamado, enriquecido por células mieloides
e enriquecido por células linfoides. Os dados predigdes in silico foram realizadas para
determinar a melhor orientacdo e conformacdo dos trés compostos ligados & KRAS
p.G12C (PDB ID: 60IM) utilizando o software de docking AutoDock Vina por meio da
interface PyRx. Conforme evidenciado pela de energia de ligagdo, nossos resultados
indicam que os compostos testados tém excelente afinidade pela KRAS p.G12C. Logo,
nossa pesquisa oferece abordagens promissoras para aprimorar o manejo do cancer de
pancreas por meio da estratificacdo de pacientes e do desenvolvimento de novos
teranosticos.



Abstract

Pancreatic cancer is one of the most lethal malignancies worldwide, often leading to
therapeutic failure and unfavorable outcomes. This is primarily due to the absence of
screening strategies, challenges in early tumor detection because of the lack of specific
signs or symptoms, and the aggressive behavior of the disease. Successful treatment
heavily relies on surgical intervention, which may not always be feasible. Additionally,
the challenge is exacerbated by the characteristic low tumor cell count and intense
desmoplasia. Driver mutations in the KRAS gene are common, occurring in the early
stages of pancreatic cancer, and serving as targets for specialized therapies. The
missense mutation ¢.34G>T (rs121913530) leads to the substitution of glycine with
cysteine in the encoded KRAS protein (p.G12C). This specific mutation is associated
with poorer prognosis and resistance to therapy in various human cancers, including lung
cancer, but remains understudied in pancreatic cancers. In this context, the main
objectives of this study were: 1) investigate the impact of pathogenic KRAS variants on
the tumor microenvironment (TME), and 2) design small molecules that selectively bind
to the pathogenic p.G12C variant of the KRAS gene. The immune cell composition of
the pancreatic TME was predicted through the deconvolution of DNA methylation data
using a cohort retrieved from public databases (TCGA Pancreatic Cancer or TCGA-
PAAD). The evaluation of three infrared drug-probe conjugates was performed using
PyRx software (Virtual Screening software for Computational Drug Discovery) to predict
in silico the best orientation and conformation of the test compounds bound to KRAS
p.G12C (PDB ID: 60IM). DNA methylation analysis revealed distinct profiles based on
the purity degree of the tumor sample and the presence of KRAS mutations.
Deconvolution of DNA methylation data for predicting immune cell fractions revealed
three TME patterns: hypo-inflamed, myeloid-enriched, and lymphoid-enriched. In silico
predictions were conducted to determine the best orientation and conformation of these
compounds bound to KRAS p.G12C (PDB code: 60IM) utilizing the AutoDock Vina
docking software through the PyRx interface. The binding energy data indicated that the
tested compounds have excellent affinity for KRAS p.G12C. Therefore, our research
offers promising approaches to enhance pancreatic cancer management through patient
stratification and the development of novel theranostics.
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1. Literature review

1.1. Cancer overview

Cancer is considered a major public health problem. According to data
from the World Health Organization, cancer is the leading cause of death
worldwide!. A total of 20 million new cases and 9.7 million deaths from the

disease were estimated globally in 2022 2.

The incidence and mortality of cancer have been increasing in recent
decades, and this trend is expected to be maintained. According to Global Cancer
Observatory (GLOBOCAN; https://gco.iarc.fr/), the cancer burden is expected to
increase 77% by 2050 resulting in 35 million new cases worldwide due to rising
risk factors associated with globalization, the aging of the population, and the

growing economy 2.

Cancer is the denomination used to represent a wide range of diseases
characterized by the uncontrolled proliferation of abnormal cells which can
infiltrate and destroy normal body tissue, and often have the ability to
metastasize, i.e., spread from the primary site where the neoplasm first formed

to distant anatomical location in the body 34,

Cancer can be classified into three main classes according to the tissue
from which the tumor originates: 1. Sarcomas (originated in mesenchymal tissue
such as bone, muscle, or connective; or the nervous system); 2. Carcinomas (the
most common type of cancer, it originates in the epithelial tissue such as epithelial
skin tissue or the tissue that lines internal organs); 3. Hematopoietic and lymphoid
malignant neoplasms (originated in the bone marrow, lymphatic system, or

peripheral blood). Tumors can be further classified by site/organ of origin,
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histological characteristics, malignancy degree, chromosomal aneuploidy, gene

mutations, and abnormalities in gene expression and epigenetic marks 2.

In 2000, Hanahan and Weinberg outlined the common aspects amongst
cancer types at the cellular phenotype level to propose “The Hallmarks of
Cancer”, a set of six capabilities necessary for normal human cells and tissues to
become malignant: proliferative signaling, growth suppressors evasion, tissue
invasion and metastasis, limitless replicative potential, inducing angiogenesis,
and evading apoptosis °. The hallmarks have been frequently updated to
incorporate new information generated by recent research. In 2011, four new
attributes were added to the list: two new potential hallmarks (deregulated
metabolism, and evasion of the immune system); and two enabling
characteristics (genome instability and mutation, and tumor-promoting
inflammation). It was proposed that the acquisition of enabling characteristics
would facilitate the hallmarks capabilities ®’. Recently, the list were update to
include two new emerging hallmarks (unlocking phenotypic plasticity, and cellular
senescence) and two new enabling characteristics (nonmutation epigenetic

reprogramming, and polymorphic variability in microbiomes) ©7.

In general, a tumor is the result of natural selection acting on somatic
mutations in a cell population within an individual being, i.e., a single multicellular
organism, over generations of cells. The cell’s ability to proliferate is determined
by the relative rates of cell division and death. In a normal state, cells multiply
through cell division and when they become old or damaged, they undergo the
cell death process and are replaced by new ones. Both processes are
sophisticatedly controlled in accordance with the needs of each specific tissue to

prevent unwanted cells from multiplying. Any cell that does not pass this control



triggers apoptosis. When the control mechanisms fail, the abnormal and/or

damaged cells proliferate, and tumors can be formed .

Although a tumor can develop from a single mutant cell, cells in a tumor
are not identical clones because they acquire consecutive and cumulative genetic
(somatic acquired mutations) and epigenetic changes that can lead to hallmark
capabilities, resulting in complex and heterogeneous disease during cancer
development and progression 468, The characteristics acquired by tumor cells as
a result of this process include physiological, morphological and/or biochemical
changes in cell signaling and proliferation, genomic instability, inhibition of tumor
suppressors, resistance to cell death, replicative immortality, and angiogenesis —
resulting in a dynamic tissue composed of different cell types with functions and
distinct interactions that is unique to each individual ”°. Thus, tumor cells within
the same tumor can contain different molecular signatures and this heterogeneity

can affect the tumor’s sensibility to treatment?.

Although mutations are key occurrences in cancer development, different
mutations have different functional impact on carcinogenesis. Random mutations
with no reoccurrence in specific cancer types are called passenger mutations,
they appear as a result of cancer development rather than directly influence the
development or progression of the disease. Mutations found at high frequency in
the same or multiple types of cancer are presumed to be part of cancer
development and/or progression and are called driver mutations 3. These
mutations occur in genes related to the acquisition of the hallmark capabilities,
which involve pathways related to cell growth and proliferation, apoptosis

inhibition, immune response evasion, invasion, and metastasis processes 191,
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Based on the effect drive mutations have on oncogenesis, driver genes
usually are classified into oncogenes and tumor suppressor genes. Oncogenes
are derived from their normal counterparts called proto-oncogenes. A mutated
version of a proto-oncogene is an activated oncogene due to a gain-of-function
mutation, which can be even a single mutation at one allele, resulting in an
enhanced phenotype of unregulated cell division. In a normal state, tumor
suppressor genes limit cell division as a control mechanism, cancer cells have
loss-of-function mutations that disable this control. Tumor suppressor genes

usually require mutation in two alleles to result in loss of protein expression 34.

1.1.1. Cancer and precision medicine

There is no single treatment that is effective for all cancers due to the
heterogeneous profile of the disease. Nowadays, treatment decision making to
choose which treatment is the most suitable for a cancer patient (i.e., surgical,
neoadjuvant or adjuvant chemo and/or radiotherapy) is according to the organ of
origin, clinical staging, and histopathological analysis. Commonly, cancer
treatment combines multimodal therapies: surgery followed by adjuvant
chemotherapy and radiation therapy is a common treatment approach. The
conventional protocols often consist of cytotoxic and non-specific chemotherapy
in a one-size-fits-all approach. Precision medicine is a new promising field of
oncology that focuses on understanding the individual variability of cancer, using
information about the molecular profile of the tumor to decide the best therapy for

each individual 9101213

Precision medicine focuses on tumor-specific alterations responsible for
malignant transformation and/or tumor progression that can be accurately

targeted. This molecular target should have absolute or relative sparing of normal
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cells and a higher selectivity to tumor cells, resulting in a better outcome and
fewer adverse effects than traditional cancer treatments. The targeted treatment
according to the genetic profile of the disease is proposed to be the future of
oncotherapy and it is only possible due to the advances in tumor biology and

molecular stratification of cancer subtypes 101214,

The success of precision medicine relies on the identification of targets on
which cancer cells are completely dependent, which are usually driver genes. If
cancer cells are completely dependent on that specific tumor alteration, a lethal
or cytostatic effect will be observed when its function is compromised 4. The
target can be named a biomarker if it has diagnostic, prognostic, predictive,

and/or pharmacogenomic attributes 1012,

Precision medicine in cancer research is a promising field, in a one-year-
period (08/2020 - 07/2021), the FDA approved 10 new anticancer therapeutics

targeting genetic mutations or against specific molecules (Table 1) .
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Table 1. New FDA-approved anticancer therapeutics from August 15, 2020-July

31%, 2021.

APPROVED INDICATION

TRADE NAME (GENERIC NAME)

Angiogenesis Inhibitors
Certain type of kidney cancer

Fotivda® (Tivozanib)

Cell-signaling Inhibitors

Certain type of lung cancer

Certain type of non-Hodkin lymphoma
Certain types of lung and thyroid cancers
Certain type of lung cancer

Certain types of non-Hodkin lymphoma
Certain type of lung cancer

Certain type of leukemia

Bile duct cancer

Rybrevant® (amivantamab-vmjw)
Xalkori® (crizotinib)

Graveto® (pralsetinib)
Tepmetko® (tepotinib)

Ukonig® (umbralisib)

Lumakras® (sotorasib)

Ayvakit® (avapritinib)

Truseltig® (infigratinib)

Cell Cytoskeleton-modifying Agents
Multiple myeloma

Blenrep® (belantamab mafodotin-bimf)

DNA-damaging Agents

Certain type of gastrointestinal cancers
Certain type of bladder cancer

Certain type of non-Hodkin lymphoma
Multiple myeloma

Enhertu® (fam-trastuzumab deruxtecan-nxki)
Trodelvy® (sacituzumab govitecan-hziy)
Zynlonta® (loncastuximab tesirine-lpyl)
Pepaxto® (melphalan flufenamide)

Epigenome-modifying Agents
Certain type of leukemia

Onureg® (azacytidine)

Hormones/Antihormones
Certain type of prostate cancer

Orgovyx® (relugolix)

Immunotherapeutics

Certain types of skin and lung cancers
Certain type of non-Hodkin lymphoma
Certain type of non-Hodkin lymphoma
Mesothelioma

Neuroblastoma

Multiple myeloma

Certain type of endometrial cancer
Gastroesophageal junction cancers
Certain type of breast cancer

Certain types of breast, gastric,
gastroesophageal junction cancers

and

Libtayo® (cemiplimab-rwic)

Breyanzi® (lisocabtagene maraleucel)
Yescarta® (axicabtagene ciloleucel)

Yervoy® (ipilimumab) and Opdivo® (nivolumab)
Danyelza® (naxitamab-gqgk)

Abecma® (idecabtagene vicleucel)

Jemperli® (dostarlimab-gxly)

Opdivo® (nivolumab)

Margenza® (margetuximab-cmkb)

Keytruda® (pembrolizumab)

Imaging Agents

Prostate cancer

Prostate cancer

Certain type of neuroendocrine tumor

Ga 68 PSMA-11® (gallium 68 PSMA-11)
Pylarify® (piflufolastat F-18)
Detectnet® (copper Cu 64 dotatate)

Companion Diagnostic Tests

Certain type of lung cancer

Certain types of breast, lung, ovarian, and
prostate cancers

Guardant 360 CDx® (N/A)
FoundationOne Liquid CDx® (N/A)

Surgery Guiding Devices

Osteoid osteoma in the extremities
Artificial intelligence-guided assessment for
liver cancer

Sonalleve MR-HIFU system® (N/A)
Hepatica® (N/A)

Table adapted from American Association for Cancer Research (AACR) Cancer Progress Report 2021 15,
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1.2. Pancreatic cancer

Pancreatic cancer originates from exocrine and neuroendocrine cell types.
Neuroendocrine pancreatic tumors are less common and have a better prognosis
than pancreatic adenocarcinoma (PAAD), the most frequent form which
corresponds to 80-90% of total cases. GLOBOCAN estimates an increase in its
incidence and mortality rates 2. In 2022, pancreatic cancer was estimated to be
responsible for 467,409 deaths worldwide, placing it among the most lethal

malignancies 2.

The disease is characterized by its clinical aggressiveness, advanced
staging at diagnosis, and resistance to the available treatment modalities. The
determining factors for therapeutic failure and unfavorable outcomes of
pancreatic cancer are the absence of screening strategies, difficulties in tumor
early detection due to the lack of specific signs/symptoms, and the aggressive
behavior of the disease 6. The morphological and molecular intra- and inter-
tumor heterogeneity accompany the disease progression. Histologically,
pancreatic cancer shows a prominent desmoplastic reaction with dense fibrotic
stroma and low tumor cell count (5-20% of cancer cells), which makes it difficult
to interpret molecular data obtained from tumor tissue biopsies and data based
on high-level performance analysis used to determine genomic, transcriptomic,
epigenomic, proteomic, among other profiles 7. This desmoplastic profile could
also impose a problem for drug delivery. Despite the challenges imposed by
these intrinsic biological characteristics, many efforts have been made to identify
molecular signatures, including screening for recurrent genetic mutations that can
be used to better understand the molecular basis of the disease and to develop

strategies for early detection and new therapeutic approaches 7.
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There are no well-established treatment strategies based on the molecular
profile of pancreatic cancer and the only therapeutic modality capable of offering
chances of cure is a surgical approach, which is possible only in a minority of
cases due to its late diagnosis 1820, In addition, morbidities associated with
pancreatic cancer, such as fatigue and pain, significantly affect the quality of life
and tolerance to the effects of chemoradiotherapy by patients. Data from the
Surveillance, Epidemiology, and End Results (SEER) program demonstrated that

pancreatic cancer early detection has a positive impact on prognosis *8.

However, early detection of the disease is still a challenge with the currently
available technology. Full-body computed tomography is used for high-risk
patients, which in addition to hardly identifying masses smaller than 2 centimeters
and presenting a high incidence of false positives, it is also costly and exposes

the patient to radiation 1819,

The Pancreatic Intraepithelial Neoplasia (PanlIN) classification is a
standardized system for describing precancerous lesions in the pancreatic ducts,
categorizing them based on the degree of dysplasia observed in epithelial cells.
It includes low-grade lesions (PanIN-1A, with minimal cellular abnormalities and
basally located nuclei; PanIN-1B, with more complex architecture but minimal
atypia; and PanIN-2, showing moderate atypia with nuclear abnormalities and
increased cell division) and high-grade lesions (PanIN-3, characterized by severe
atypia, significant nuclear abnormalities, loss of cell polarity, and high mitotic
activity, indicating carcinoma in situ and the most advanced precursor to invasive
cancer) 2. Ideally, pancreatic cancer detected and treated in the PanIN 3 stage
(carcinoma in situ) would maximize the chance of cure and decrease the need of

adjuvant treatments °.
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In this scenario, the integration of molecular profile data at different “omics”
levels provided by The Cancer Genome Atlas Project (TCGA, available at
https://www.cancer.gov/tcga) allowed the identification of specific molecular
signatures for pancreatic cancer subtyping (based on differential expression of
transcripts including coding and non-coding such as microRNAs and long non-
coding RNAs, as well epigenomics data, such as DNA methylation profiling). It
should be highlighted that analysis of the mutational profile showed that the
KRAS gene is mutated in ~93% samples with a subset of pancreatic tumors
showing multiple mutations in this gene in addition to the evidence of biallelic
mutations 7. Also, 60% of cancers negative for KRAS mutation had a mutation
in a RAS-MAPK signaling pathway gene, such as RREB1 (ras responsive

element binding protein 1) 1720,

The mutational activation of KRAS occurs in the early stages of pancreatic
cancer, before its progression to invasive carcinoma; therefore, KRAS mutations

can be considered biomarkers for early detection of the disease °.

1.3. Cancer epigenetics

Epigenetics is the study of modifications to DNA or its packaging that do not
alter the DNA sequence and can be passed from parent to daughter cell during
cell division or from one generation to the next %2.

Epigenetic modifications encompass a range of processes, including
histone post-translational modifications, DNA modifications such as DNA
methylation, noncoding RNAs, and chromatin remodeling. The epigenetic marks
alter DNA accessibility and chromatin structure, as those observed in hetero- and
euchromatin, thereby modulating gene regulation 2324, Epigenetic mechanisms

are crucial in essential cellular processes during normal development: de novo
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DNA methylation is implicated in cell differentiation, leading to stable tissue- and
cell-specific methylome and transcriptome profiles. Therefore, epigenetics plays
a pivotal role in establishing and maintaining cell identity 2426,

DNA methylation, the predominant epigenetic modification, is the addition
of a methyl group (CHz) by DNA methyltransferase enzymes to the 5' position of
cytosine residues predominantly in CpG dinucleotides associated with promoters
(promoter-associated CpG islands). This regulatory process influences gene
expression by modulating transcription factor binding and accessibility to
regulatory regions within the DNA 2?7. The methylation patterns observed in
replicates of the same cell type from different individuals are remarkably similar
28_

However, cancer cells display distinct methylation patterns compared to
non-cancer cells, featuring global hypomethylation alongside targeted
hypermethylation of specific genes important for the malignant phenotype 282°,
These DNA methylation alterations progress gradually during cancer initiation
and progression °. The influence of the tissue of origin on the methylation pattern
observed in cancer, coupled with the characteristic patterns of DNA methylation
across the genome in different cell types, results in a heterogeneous methylation
pattern in cancer cells 282°. The DNA methylation profile of a tumor not only offers
insights into the current state of the cancer cells but also aids in the identification
of its cell type of origin 32,

Previous studies have explored the potential of DNA methylation
deconvolution in different tumor samples, such as glial/glioneuronal 32,
hepatocellular 33, and prostate cancers 3*. Notably, a recent study identified

immunologically hot and cold subsets of lung cancer by utilizing bioinformatic
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tools for immune cell deconvolution based on DNA methylation data 3. This study
investigated concurrent factors influencing the immune microenvironment,
including the presence of KRAS or TP53 mutations. KRAS mutations have been
extensively studied as potential prognostic and therapeutic targets in various
human cancers. The driver mutations were associated with poor overall survival
and specific immune cell populations 3°. To our knowledge, no studies have

explored the potential of DNA methylation deconvolution in PAAD.

1.4. Bioinformatics and tumor heterogeneity

High-throughput technologies have yielded cancer data comprising DNA,
RNA, protein, and epigenomic information. Although the unprecedented volume
and complexity of these data from large tumor cohorts pose significant challenges
for scientists, they also present opportunities for reanalysis to generate new
knowledge about this disease 46.

Bioinformatics is important for the management, analysis, and interpretation
of extensive high-throughput data in cancer research. By employing
bioinformatics methodologies, new insights into the molecular factors underlying
cancer, such as tumor-specific DNA alterations, pathways, and metabolic
processes driving tumor growth and metastasis can be uncovered. Moreover,
bioinformatics facilitates predicting outcomes such as cancer onset and
progression, thereby aiding in the development of personalized treatment
approaches ¥,

High-throughput biomedical data, deposited in public platforms, enables
researchers worldwide to reanalyze and integrate diverse datasets, facilitating
the discovery of differential patterns associated with clinical and prognostics

parameters in human disease 3. The Cancer Genome Atlas Project (TCGA,

18



available at https://www.cancer.gov/tcga), is an example of such a platform. The
integration of profile data at different “omics” levels provided by TCGA allowed
the molecular identification of specific molecular signatures for pancreatic cancer
subtyping. It should be highlighted that analysis of the mutational profile showed
that the KRAS gene is mutated in approximately 93% of samples, with a subset
of pancreatic tumors showing multiple mutations in this gene in addition to
evidence of biallelic mutations 7. In addition, 60% of cancers negative for KRAS
mutation had a mutation in a RAS-MAPK signaling pathway gene, such as
RREBL1 (ras responsive element binding protein 1) 17?0, These data indicate the
role of KRAS as a hub/key gene specifically associated with PAAD.

A tumor biopsy encompasses tumor cells, infiltrating non-tumor cells, and
adjacent normal cells. This intrinsic heterogeneity poses a significant challenge,
impeding the robustness and reproducibility of bioinformatic analyses for
biomarker identification utilizing multi-omics profiles3¢3°. To address the
limitations of bulk analysis, single-cell approaches have been developed to study
intratumoral heterogeneity 441, The single-cell RNA sequencing (ScRNA-seq)
approach has become a leading method for investigating cellular diversity,
allowing scientists to explore not only tumors but also normal tissues. This
method has facilitated the discovery of diverse cell types and states within healthy
tissues, leading to substantial progress in our understanding of tumor physiology
and pathophysiology #2.

While single-cell analysis provides unparalleled resolution for investigating
tumor heterogeneity, it is constrained by technical limitations. The large datasets
produced by single-cell profiling require advanced computational methods and

substantial resources to integrate, analyze, and interpret the complex patterns of
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cellular heterogeneity. Consequently, the technical and computational challenges
associated with this technique render it not viable for the study of large patient
cohorts and fixed tumor samples 4%, However, the single-cell profiles obtained
can serve as reference to dissect in silico bulk-tumor data through deconvolution
analysis 4.

Deconvolution is a computational approach that aims to infer the cellular
composition of a bulk tissue sample by leveraging single-cell reference data.
Harnessing the detailed cellular signatures generated through single-cell
profiling, deconvolution algorithms can quantify the relative proportions of
different cell types present within a bulk tumor sample #*. These algorithms
employ diverse mathematical approaches and can be applied to various types of
data, including genomic (e.g., CIBERSORT #° and xCELL 46), transcriptomic (e.g.,

EPIC 47), and epigenomic (e.g., MethylCIBERSORT “® and HiTIMED “°) datasets.
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7. Conclusions

Chapter 1

Two distinct methylation profiles were identified within pancreatic cancer
samples. The group characterized by higher tumor purity demonstrated a
higher frequency of KRAS mutations and was associated with poorer overall
survival outcomes, indicating a potential link between methylation patterns,
genetic mutations, and patient prognosis. The presence of KRAS mutations
in pancreatic cancer was also correlated with positive epigenetic age
acceleration, suggesting that KRAS mutation status may be a significant

marker for assessing biological aging within tumor cells.
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We identified three distinct immune profiles within the tumor
microenvironment through DNA methylation deconvolution: hypo-inflamed,
myeloid-enriched, and lymphoid-enriched. This classification was further
validated through gene expression data, confirming the suitability of DNA
methylation-based deconvolution approaches to stratify patients with

pancreatic cancer according to TIME composition.

Chapter 2

The TCGA-PAAD dataset has a high prevalence of KRAS mutations.
Although most KRAS mutations affect codon 12, the allele KRAS p.G12C
occurs at a low frequency in pancreatic cancer.

Structural analysis of the KRAS protein indicated that mutations at codons
12, 13, and 61 alter the surrounding surface of the GDP/GTP binding pocket,
potentially creating new binding sites. These findings highlight the necessity
for mutation-specific drug design, as each mutation presents unique surface
characteristics that must be targeted for effective therapeutic intervention.
The compounds designed in this study demonstrated excellent binding
affinity to the KRAS p.G12C. This suggests that these compounds hold
promise both as diagnostic biomarkers and as therapeutic targets in the

context of pancreatic cancer drug development.
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