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Introduction

Pancreatic cancer is one of the most aggressive malignancies, with 5-year survival
rates that do not exceed 10% [1,2]. The poor prognosis is primarily attributable to the late
diagnosis, in stages beyond the therapeutic stage, as well as a poor response to oncological
treatments [1,2]. On the other hand, incidence and prevalence rates for pancreatic cancer are
low. Under these circumstances, the implementation of screening strategies is not feasible
from a cost-effectiveness perspective [3,4]. However, the American Society of
Gastroenterology and Endoscopy's most recent guideline from 2022 recommends screening
for pancreatic cancer in high-risk patients, namely those with genetic susceptibility [5]. In
this subpopulation, annual evaluation by echoendoscopy or nuclear magnetic resonance is
recommended, with the age of implementation of the screening strategy varying between 35
- 50 years depending on the underlying condition [5]. The proportion of patients with genetic
susceptibility to pancreatic cancer, compared to the total number of patients diagnosed with
this neoplasia, is small, at around 10% [5].

Recent research has centered on the identification of potential non-invasive
biomarkers with a role in the early diagnosis and prognostic evaluation of these patients
[6,7]. The primary objective of these studies is to increase the proportion of patients
diagnosed at a stage amenable to surgical treatment, which is presently the only curative
therapeutic method. Thus, the diagnostic and prognostic potential of certain proteomic
markers, free circulating DNA, and microRNA has been established [6,7].

One of the conditions with a risk of developing pancreatic cancer is chronic
pancreatitis [8]. Also, the similarity between clinical manifestations, imaging, and
biochemical changes can lead to a delay in the diagnosis of pancreatic cancer, initially
wrongly categorized as chronic pancreatitis [8].

Considering all these aspects, we aimed to identify some non-invasive biomarkers with
a role in the early diagnosis of pancreatic cancer and, secondarily, improve the prognosis of
these patients. Thus, we developed the PhD thesis titled "Early diagnosis of pancreatic
cancer", which is divided into two sections: a general section that offers data on the current
state of knowledge in this subject and a special section that presents personal contributions.

The general part is subdivided into two chapters that present epidemiological and
etiopathogenic data, respectively, on the diagnostic management of pancreatic cancer. These

data were published as review articles in ISI journals with an impact factor [7,9].



Chapter 1 presents the incidence, prevalence, and mortality rates of pancreatic cancer
worldwide, the histopathological classification of pancreatic cancer, the principal risk factors
for this malignancy, and the pathophysiological mechanisms that support their participation
in pancreatic oncogenesis.

Chapter 2 offers data on the clinical and imaging diagnosis of pancreatic cancer, but
also the importance of molecular diagnosis in the evaluation of patients with this malignancy.
The challenges facing research in this field are also highlighted, namely the low incidence
of pancreatic adenocarcinoma and the need for large national and international
collaborations to obtain a substantial number of biological samples, necessary for the
identification of new biomarkers [10]. A meta-analysis published in 2021 highlights the
heterogeneity of pancreatic tumors and the need to develop biomarker panels to increase
their sensitivity, specificity, and diagnostic accuracy [10].

The section related to individual contributions is organized into five major chapters.
The first two chapters present the working hypothesis, the general objectives, and the gener
al methodology of the research, while the final three chapters present the results of the clini
cal and experimental studies conducted during the doctoral research. At the end of the PhD
thesis, conclusions and personal contributions are highlighted, and bibliographic references

and appendices are presented in a separate section.

Chapter 3: Working hypotheses and general research objectives

Pancreatic cancer is one of the most aggressive forms of cancer, with very high death
rates. The negative prognosis is mainly due to the late diagnosis in advanced stages, beyond
the therapeutic stage, but also to the poor response to oncological treatments. On the other
hand, implementing pancreatic cancer surveillance strategies is not cost-effective.

Using biological samples from pancreatic adenocarcinoma patients already diagnosed
with the disease can lead to the identification of biomarkers that indicate the presence of
symptomatic disease [10]. An alternative strategy is to use biological samples from patients
with premalignant lesions (pancreatic intraepithelial neoplasia, intraductal papillary
mucinous neoplasm, or mucinous cystic neoplasm) or pancreatic diseases with proven
malignant potential (chronic pancreatitis) [10].

The study of the molecular changes that occur during the sequential progression from
the initial lesion to pancreatic cancer can improve our understanding of the pancreatic
oncogenesis process [10]. It can also provide a basis for the design of future research

strategies, with the objective of identifying biomarkers with a role in the early diagnosis of



this malignancy [10]. Moreover, the use of risk groups as controls and the combination of
molecular markers with clinical characteristics may lead to the identification of biomarkers
capable of selecting populations at increased risk of developing pancreatic cancer [10]. The
final objective is the extension of patient subgroups in which it is feasible to implement
screening strategies for the early detection of pancreatic cancer. The most commonly used
biological sample for the identification of new biomarkers is blood, due to its accessibility
and low cost [11].

Thus, there is an imperative need to identify groups in the general population that are
at increased risk for pancreatic cancer in order to implement strategies for their careful
follow-up [12]. A series of clinical studies have reported better survival rates in patients with
subcentimeter pancreatic tumors compared to patients with advanced disease [13].
Additionally, treatment options for patients with resectable cancer continue to expand,
including the availability of multimodal neoadjuvant therapy as well as the development of
adjuvant chemotherapy regimens [13]. Under these conditions, increasing the percentage of
patients diagnosed at an early stage, from 15-20% at present, to 50% could lead to a
substantial improvement in their survival rates [13].

Taking into account all of the above, we sought to identify potential non-invasive
biomarkers that could be extensively used to improve the prognosis of patients with
pancreatic cancer. In light of the correlation between chronic pancreatitis and the risk of
progression to pancreatic cancer, as well as the paucity of comparative studies between the
two patient groups, we decided to investigate biomarkers with potential in the advanced
selection of patients at risk of malignant transformation. Thus, we established three research
cohorts: patients with chronic pancreatitis, patients with pancreatic cancer, and healthy
subjects with similar age and gender distributions to the patients in the first two groups.
Our study also considered the cost-effectiveness ratio, which was a crucial factor. ~ Under
these conditions, we focused on the use of blood samples that were easy to collect, posed no
significant risks for the patient, and involved low costs.

The main aim of the study is to identify potential non-invasive, cost-effective
biomarkers with a role in the early detection of pancreatic cancer. Consequently, we analyzed
the expression of panels of plasma proteins, cytokines, chemokines, growth factors,
angiogenesis markers, and other soluble proteins, as well as the expression of micro-RNAs
that target the most relevant signaling pathways and genes associated with oncological
conditions.

Among the secondary objectives, we mention:



a. Identifying risk factors for malignant transformation in chronic pancreatitis patients.

b. A comparison of the plasma profiles of cytokines, chemokines, growth factors, and other
soluble proteins in three groups of patients: patients with chronic pancreatitis, patients
with pancreatic cancer, and a control group of healthy subjects with age and gender
distributions similar to those in the first two groups.

c. Evaluation of the plasma microRNA profile in pancreatic cancer patients as compared
to healthy individuals.

d. Evaluation of the cost-effectiveness of implementing these biomarkers into the long-term
follow-up strategy for patients with chronic pancreatitis in relation to pancreatic cancer

morbidity and mortality.

Chapter 4. General research methodology

Study design: prospective, non-randomized study.

Selection of subjects: 60 patients of the Bucharest Clinical Emergency Hospital were
enrolled, 30 with chronic pancreatitis and 30 with pancreatic cancer, over a period of 2.5
years (January 2020 — May 2022). Histopathological examination of tissue samples obtained
by endoscopically guided fine aspiration biopsy (EUS-FNB) established the positive
diagnosis. All participants in the study signed an informed consent form in which they
consented to the processing of their personal data and the acquisition of biological samples
(blood).

The ethics committee of the Bucharest Emergency Clinical Hospital approved the
study (no. 3929/12.04.2021). Furthermore, an agreement (framework contract) on
collaboration in research activity was established between the Bucharest Emergency Clinical
Hospital and Stefan S. Nicolau Institute of Virology Bucharest (no. 560/12.04.2022),
allowing the processing of biological samples within the Institute of Virology Stefan S.
Nicolau.

Inclusion criteria:

e Group 1: 60 patients with a histopathological diagnosis of pancreatic cancer.

e Group 2: 60 patients with chronic pancreatitis, known to be a major risk factor for the
development of pancreatic cancer.

e Group 3: 10 healthy subjects, with an age and gender distribution similar to that of the
patients in the first two groups.

Exclusion criteria:



e Refusal to sign informed consent regarding participation in the study.

e patients who have associated malignancies with another location, to reduce error rates.

e patients in whom a series of paraclinical variables followed in the study could not be
identified.

e patients with inadequate (hemolyzed) blood samples, which did not allow the subsequent
correct processing.

e patients for whom insufficient blood could not be drawn (dehydrated or undergoing
chemotherapy).

e patients in whom the amount of plasma was not sufficient for the biological and
molecular determinations included in the research methodology.

For the statistical analysis of the epidemiological, clinical, and paraclinical data, we
used the R program with the following packages loaded: effects, ggplot2, ggpubr,
gtsummary, and logisticRR. We set the level of significance a at 0.05, so values p <0.05
were considered statistically significant. For the statistical analysis of the proteomic study's

results, we utilized GraphPad-Prism 9.0.

Chapter 5. Clinical and biological data in patients with pancreatic cancer versus
chronic pancreatitis

Introduction. Despite advances in imaging diagnosis, differentiating pancreatic ductal
adenocarcinoma from chronic pancreatitis remains a challenge [ 14]. Chronic pancreatitis can
manifest as a tumor mass on cross-sectional imaging and is a significant risk factor for
pancreatic cancer [ 14]. Differentiating between the two conditions is essential for evaluating
patients' prognosis and establishing optimal therapeutic management. In some cases,
histopathological examination of the surgical resection specimen revealed an initial
misdiagnosis between benign and malignant pancreatic lesions [14]. In light of the poor
prognosis of pancreatic cancer patients, which is primarily attributable to late diagnosis in
therapeutically advanced stages, we proposed to conduct a study whose primary objective
was to identify clinical and paraclinical factors that would aid in differentiating between
chronic pancreatitis and pancreatic cancer. Avoiding a diagnostic confusion between the two
conditions would enable avoiding a delay in the diagnosis of pancreatic cancer. Early
detection of this malignancy is extremely essential because it can increase the percentage of
patients who can lend themselves to surgical treatment, the only therapeutic method with

curative potential, currently.



Material and method. We conducted a prospective, observational, non-randomized
study in which 120 patients of the Bucharest Clinical Emergency Hospital were enrolled,
over a period of 2.5 years.

The inclusion criteria were represented by:

Group 1: patients with pancreatic cancer in stages I1I-1V.
Group 2: patients with chronic pancreatitis.

The exclusion criteria were represented by:

e the presence, at the time of enrollment, of a personal pathological history of cancer at
another site or synchronous malignancies (to eliminate certain error factors).

e lack of informed consent.

e patients whose medical documents had filling errors.

Statistical analysis. The collected data were centralized in a Microsoft Excel database.
Later, for the statistical analysis, we used the R program with the following packages loaded:
effects, ggplot2, ggpubr, gtsummary, and logisticRR. The significance level a was 0.05, so
p-values lower than 0.05 were considered statistically significant. The Gaussian distribution
was checked using the Shapiro-Wilk test and quantile-quantile plots (qq plots).

Results and discussion. The relative risk ratio of pancreatic cancer versus chronic
pancreatitis was found to be twice as high in females compared to males (95% CI 0.27-0.83)
and increasing patient age by 1 year resulted in a 12% increase in the likelihood of
developing pancreatic cancer (95% CI2.94 - 31.2). These outcomes align with those reported
in the specialized literature. Wang et al. report a risk ratio of 4.5 for chronic pancreatitis
between men and women [15]. Estradiol has been implicated in the pathogenesis of chronic
pancreatitis in animal studies [16]. Consequently, estradiol treatment appears to inhibit
acinar cell apoptosis, regardless of T cell-mediated alterations or corticosterone or
testosterone levels [16]. In regards to body mass index (BMI), alcohol consumption, and
smoking, there were no statistically significant differences between the two patient groups.
The fact that smoking and alcohol consumption are both recognized risk factors for both
conditions can help to explain this. Also, patients with chronic pancreatitis usually develop
malabsorption syndromes as a result of exocrine pancreatic insufficiency and chronic
inflammation, and patients with pancreatic cancer associate consumptive syndrome with
weight loss. Regarding personal pathological and hereditary history, our investigation
identified only one correlation with statistical significance, namely between the history of
acute pancreatitis and the risk of progression to chronic pancreatitis (p<0.001). In the second

stage of this study, we analyzed a series of biological parameters, usually determined



routinely at the first visit to the doctor. Thus, we identified, among patients with pancreatic
cancer, higher values of aspartate aminotransferase (p=0.005), alanine aminotransferase
(p=0.006), total bilirubin (p<0.001), direct bilirubin (p<0.001), alkaline phosphatase (p
0.030), C-reactive protein (p 0.049) and uric acid (p 0.001) [8]. In contrast, patients with
chronic pancreatitis, compared to those with pancreatic cancer, had higher values of amylase
(p 0.020) and lipase (p 0.029) [8]. The tumor markers carbohydrate antigen (CA19-9) and
carcinoembryonic antigen (CEA) were also investigated. However, only a limited number
of patients had these markers determined, so the differences were not statistically significant.
However, according to our study, individuals diagnosed with pancreatic cancer exhibited
nearly twice the amount of CEA compared to those diagnosed with chronic pancreatitis and

approximately 70 times the amount of CA-19-9.

Chapter 6. The role of proteomic analysis in the early diagnosis of pancreatic
cancer

Introduction. In order to improve the prognosis of patients with pancreatic cancer,
research in recent years has focused on the identification of biomarkers that may play a role
in the early diagnosis of this neoplasia. Advances in molecular diagnostics, such as the
detection of proteins, free circulating DNA, or microRNA, have shown promise for early
pancreatic cancer identification [7]. An important advantage of these molecular techniques
is their non-invasive nature [7].

The aim of our research is to identify potential non-invasive biomarkers that could aid
in the early detection of pancreatic cancer. We thus performed a screening proteomic analysis
on plasma pools from patients with pancreatic cancer versus patients with chronic
pancreatitis using a multianalyte kit. Following this analysis, we identified a single plasma
protein with significantly increased values in patients with pancreatic cancer versus chronic
pancreatitis, namely leptin. Subsequently, we sought to validate these results by
quantitatively determining leptin concentrations in individual plasma samples using the
ELISA technique. The evidence regarding the potential role of CEACAMI in the early
detection of pancreatic cancer, as well as the positive correlation between this biomarker and
body mass index, similar to that of leptin, prompted us to evaluate leptin and CEACAMI1
expression simultaneously [17,18]. Furthermore, CEACAMI1 appears to regulate leptin
expression by interfering with certain signaling pathways also involved in oncogenesis.

Material and method. We conducted a prospective, experimental study lasting 2.5

years in which we defined three groups of subjects: group 1, consisting of 30 patients with



pancreatic cancer; group 2, consisting of 30 patients with chronic pancreatitis; and group 3,
consisting of 10 healthy subjects, distributed in age and gender groups similar to the patients
in the first two groups. The ethics committee of the Emergency Clinical Hospital of
Bucharest approved this study (no. 3929/12.04.2021), and it followed the principles of the
Declaration of Helsinki. All subjects included in the study signed an informed consent form
in which they agreed to the processing of personal data and the collection of blood samples.
The positive diagnosis was established following the histopathological examination.
Biological samples were obtained by EUS-FNB.

From each subject included in the study, we collected 6 ml of blood (each in 2
ethylenediamine tetraacetic acid (EDTA) -coated test tubes). We transported the blood
samples, in a maximum of two hours, to the Stefan S. Nicolau Institute of Virology, where
we centrifuged them to isolate plasma (two Eppendorf tubes with 1.5 ml of plasma from
each patient). Afterwards, we stored the plasma samples in freezers at -80 degrees Celsius.

Comparative proteomic analysis of plasma pools in the three groups of patients. In the
screening stage of the proteomic analysis, we used the Proteome Profiler Human XL
Cytokine Array Kit (ARY022B, R&D Systems, Abingdon, UK) based on the dot-blot
technique for the simultaneous semi-quantitative determination of 105 analytes (cytokines,
chemokines, angiogenesis markers, growth factors, and other soluble proteins) in pooled
plasma samples from the three categories of subjects.

Quantitative determination of leptin and CEACAM1 plasma concentrations using the
ELISA technique. To validate the results on individual samples, we used the Invitrogen
KAC2281 and ab215540 Human CEACAMI1 Simple Stept ELISA kits.

Results and discussion. Statistical analysis identified a relative similarity between
plasma protein expression in patients with pancreatic cancer and those with chronic
pancreatitis compared to healthy subjects. Thus, the proteins with increased expression in
both categories of patients were: apolipoproteins A-I, B-cell activating factor (BAFF), brain-
derived neurotrophic factor (BDNF), complement components C5/C5a, CD 40 /TNFSF5
ligand, granulocyte colony stimulating factor (G-CSF), growth differentiation factor 15
(GDF-15), insulin like growth factor binding protein 3 (IGFBP-3), IL-lalfa (IL-1F1),
vitamina D BP, T-cell immunoglobulin and mucin domain-containing protein 3 (TIM-3),
urokinase-type plasminogen activator receptor (uUPAR), myeloperoxidases, MIG, matrix
metallopeptidase 9 (MMP-9), platelet-derived growth factor AA (PDGF-AA), platelet-
derived growth factor AB/BB (PDGF AB/BB), pentraxina 3/TSG-14, suppression of
tumorigenicity 2 protein ST2 (IL2 R4) and trefoil factor 3 (TFF3). A comparison of plasma



protein expression in pancreatic cancer patients vs. chronic pancreatitis patients revealed just
one protein with enhanced expression, leptin (x 6.3 FC). We validated these results by using
the ELISA technique on individual plasma samples, proving higher plasma concentrations
of leptin in patients with pancreatic cancer versus those with chronic pancreatitis (59.41
ng/ml vs. 17.96 ng/ml; p = 0.0405). This difference remained statistically significant,
independent of other factors such as BMI, sex, age, smoking, alcohol consumption, history
of diabetes, serum triglyceride levels, and cholesterol levels.

To strengthen these results, we continued our experiments with the quantitative ELISA
determination of CEACAMI. The reason that led us to determine CEACAMI1 plasmatic
expression was represented by the evidence of its involvement not only in pancreatic
oncogenesis but also in the regulation of leptin expression. We thus identified statistically
significantly higher CEACAMI1 plasma values in patients with pancreatic cancer compared
to those with chronic pancreatitis (12,75 ng/ml versus 9,89 ng/ml, p = 0,0282). However, the
results regarding the correlation between the plasma expression of the two biomarkers were
not statistically significant.

Following that, we tried to find other factors that can influence the expression of leptin
and CEACAM1 in the two patient groups using simple and later multiple linear regression
analysis. Thus, we detected a rise in plasma leptin levels that was independent of age, gender,
BMI, smoking, alcohol intake, diabetes history, serum triglyceride and cholesterol levels. In
contrast, CEACAMI1 plasma concentration was found to be dependent on multiple
parameters, such as the diagnosis of pancreatic cancer or chronic pancreatitis (p 0.029,
95%CI 24.67 — 460.1), gender (p 0.001, 95%CI -588.1 - - 157.3) BMI (p 0.0077, 95%CI
8.73 — 54.27) and serum triglyceride level (p 0.0002, 95%CI 1.11 — 3.39). We can thus
explain the lack of correlation between the plasma expression of the two biomarkers, despite
the higher serum levels of both, in pancreatic cancer patients. In order to detect the early
malignant transformation of pancreatic lesions, we also hypothesize that monitoring serum
leptin concentrations in patients with chronic pancreatitis may be valuable.

Leptin is an adipokine that regulates appetite, lipid metabolism, glucose homeostasis,
and body weight [19,20]. It is encoded by the LEP gene and synthesized in adipose tissue
[19,20]. Ob-R, a transmembrane receptor, mediates the action of leptin [20]. Multiple
gastrointestinal tissues and tumor cell lines have been found to express the Ob-R receptor
[21,22]. Moreover, certain malignancies may express both leptin and the Ob-R receptor,
allowing autocrine signaling [23]. Effects such as the promotion of proliferation, migration,

cell invasion, and tumor angiogenesis or the inhibition of tumor cell apoptosis can explain



the role of leptin in oncogenesis [22]. In addition, leptin can inhibit the activity of regulatory
T cells, thereby influencing the immune surveillance process for gastrointestinal
malignancies [24]. In the PhD thesis, the signaling pathways that leptin interferes with during
the oncogenesis process are described in depth.

CEACAM molecules are found on the surface of numerous cell types, including
epithelial and endothelial cells [25]. These molecules are involved in the modulation of the
cell cycle and cell adhesion, angiogenesis, intercellular and intracellular signaling,
inflammatory processes, tumor progression, and metastasis [25]. CEACAMI can regulate
cell signaling by acting as a molecular sensor at the cell surface [25]. This biomarker is also
a ligand of the insulin receptor, and its activation by this receptor's tyrosine kinase initiates
a cascade of signaling pathways implicated in cell growth and proliferation [26]. Wei et al.
reported that the DcR3 receptor is overexpressed in the plasma of pancreatic cancer patients,
as well as in tumor tissue [27]. DcR3 has been linked to an increase in signal transducers and
activators of transcription (STAT1) phosphorylation and, secondarily, an increase in the
expression and activity of interferon regulatory factor 1 (IRF1) [27]. DcR3/STAT1/IRF1
generated a positive feedback loop that increased CEACAMI transcriptional activity in
pancreatic cancer [27]. Recently, Pinkert et al. demonstrated the role of CEACAMS6 in
inhibiting antitumor responses such as T-cell-mediated cell death and cytokine secretion
[28]. CEACAMG6 exerts its immunosuppressive effect by binding to CEACAMI1 on activated
T cells [28].

Our study concludes that the detection of elevated serum leptin levels in patients with
chronic pancreatitis should increase the suspicion of malignant transformation and expand
the diagnostic management. The final aim is the early detection of pancreatic cancer, which

allows for curative surgical treatment.

Chapter 7. The role of microRNA in the early diagnosis of pancreatic cancer

Introduction. MicroRNAs are short RNA molecules of 19-24 nucleotides in sequence
that play an important role in post-transcriptional gene expression [29]. Due to the aggressive
character of pancreatic malignant neoplasms and the lack of diagnostic biomarkers,
microRNAs have been studied as a promising tool for the development of predictive scores
and the improvement of the therapeutic management of these patients [30,31]. In addition,
microRNA-mediated intercellular communication in pancreatic cancer is poorly understood
[29,32]. Restoring the levels of tumor suppressor microRNAs and inhibiting the levels of

oncogenic microRNAs in healthy tissue may be useful for the maintenance of endogenous
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anti-tumor regulatory mechanisms [29,32]. Despite immense progress in this field, the use
of microRNAs as therapeutic targets in pancreatic cancer is hampered by significant
limitations [29,32]. Lack of knowledge regarding the potential effects and toxicity levels of
these chemically modified molecules on healthy cells is one of the most essential [29,32]. In
conclusion, pancreatic cancer continues to be a leading cause of death worldwide, and the
function of microRNAs in the management of these patients offers hope for an improvement
in their prognosis.

Given the paucity of studies comparing the plasma expression of microRNAs in
pancreatic cancer patients to healthy subjects, we chose this topic as the primary focus of the
following investigation. Thus, we established two study groups: group 1 consisted of 23
patients with pancreatic cancer, and group 2 consisted of 10 healthy subjects with similar
age and gender distributions to the group 1 patients. Using the real-time PCR technique, we
initially performed a screening study in plasma pools from the two study groups for a panel
of 176 microRNAs. Following this step, we identified 23 microRNAs overexpressed in
pancreatic cancer patients versus the control group, results that we subsequently validated
through quantitative determinations in individual plasma samples.

Material and method. We conducted an experimental study in which we included 23
patients with pancreatic cancer in stages III or IV of the disease and 10 healthy subjects
distributed in similar age and sex groups. From each patient, we collected 6 ml of blood in
EDTA-coated test tubes, which we transported in a maximum of two hours to the Stefan S.
Nicolau Institute of Virology, Bucharest. Prior to inclusion in the study, each patient signed
an informed consent form agreeing to the use of their personal data and the collection of
blood samples for genomic analysis.

In the first step, we centrifuged the samples and isolated plasma in Eppendorf tubes,
which we stored at -80 degrees Celsius. In the second step, we performed a screening
analysis for 176 microRNAs in pancreatic cancer patients versus control subjects in plasma
pools. The micro-RNAs identified at this stage as having elevated expression in pancreatic
cancer patients compared to healthy subjects were subsequently evaluated in individual
plasma samples using real-time PCR.

The data were entered into a Microsoft Excel database, and GraphPad Prism 9 was
used for statistical analysis.

Results and discussion. Following the screening stage, we identified the
overexpression of 23 microRNA in pancreatic cancer patients compared to healthy

individuals. We validated the overexpression of miR-34a-5p, miR-100-5p, miR-193-5p,
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miR-122-5p, and miR-885-5p in individual plasma samples during the second phase of the
study. Using the Mann-Whitney test, we identified a statistically significant increase for all
five of these microRNAs in the plasma of pancreatic cancer patients compared to healthy
controls. In order to identify other factors that may influence the expression of these
microRNAs in pancreatic cancer patients, we continued the statistical analysis with a simple
linear regression, in which the dependent variable was the microRNA plasma concentration
and the independent variables were tumor stage, smoking, alcohol consumption, the history
of acute or chronic pancreatitis, diabetes, as well as the plasma concentrations of leptin and
CEACAMI, determined by the previous study. Thus, we identified a single factor that
influenced the expression variation of miR-34a-5p, miR-100-5p, miR-193-5p, miR-122-5p,
and miR-885-5p in patients with pancreatic cancer, namely the tumor stage. As a result, we
highlight not only the overexpression of these five microRNAs in pancreatic cancer patients
but also their prognostic role.

However, future studies on larger cohorts of patients are needed to validate these
results. We also emphasize the need to evaluate the expression of these microRNAs in

patients with early-stage pancreatic cancer or premalignant lesions.

Chapter 8. Conclusions and personal contributions

In my PhD research, I identified a series of clinical parameters and biomarkers that
can aid in the early detection of pancreatic cancer, thereby attaining the intended goals.

In the first stage of my PhD research, we performed a prospective, observational study
in which we sought to identify some clinical and paraclinical markers, evaluated routinely,
that would contribute to the differential diagnosis between chronic pancreatitis and
pancreatic cancer, thus avoiding delays in the detection of malignant transformation. Thus,
we identified in patients with pancreatic cancer, compared to those with chronic pancreatitis,
higher serum values of transaminases, total bilirubin, direct bilirubin, alkaline phosphatase,
C-reactive protein, and uric acid. Also, in this subpopulation of patients, the female gender
(p = 0.001) and age over 60 years (p 0.001) dominated. In contrast, patients with chronic
pancreatitis, compared to those with pancreatic cancer, showed slightly higher values of
serum amylase and lipase. In light of the fact that all of these parameters are routinely
evaluated during the initial doctor visit, a meticulous analysis can guide the subsequent
diagnostic management towards one of the two conditions.

In the second stage of my PhD research, I identified leptin overexpression in pancreatic

cancer by analyzing the plasma expression of 105 cytokines, chemokines, growth factors,
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angiogenesis markers, and other soluble proteins in pancreatic cancer patients, chronic
pancreatitis patients, and healthy subjects. We validated these results by determining the
concentration of leptin in individual plasma samples using the ELISA technique. We thus
identified higher plasma values of this biomarker in patients with pancreatic cancer
compared to those with chronic pancreatitis, the difference being statistically significant.

CEACAM1 is another biomarker that has been implicated in pancreatic oncogenesis.
In addition, CEACAMI1 and leptin inhibit the activity of T cells and NK cells, influencing
the immune surveillance process. Our study also demonstrates higher concentrations of
CEACAMI in patients with pancreatic cancer compared to those with chronic pancreatitis.
However, CEACAM 1 plasma expression was found to be dependent on several parameters,
namely, diagnosis of pancreatic cancer versus chronic pancreatitis, gender, BMI, and serum
triglyceride level. Thus, we can explain the absence of a correlation between the variation in
CEACAMI plasma expression and the variation in leptin plasma expression (which is
dependent solely on the diagnosis). All of these findings support the hypothesis that leptin
can be useful for differentiating between the two conditions. We thus suggest the
effectiveness of monitoring serum leptin levels in patients with chronic pancreatitis in order
to identify malignant transformation.

The originality of our investigation derives from the comparison of plasma
concentrations of leptin and CEACAMI in patients with pancreatic cancer versus patients
with chronic pancreatitis. Currently, there is data supporting the involvement of these two
biomarkers in pancreatic carcinogenesis, but their role in differentiating pancreatic cancer
from chronic pancreatitis is unknown. The limitation of our study is that all patients with
pancreatic cancer presented with stage III or IV disease. Thus, future studies evaluating the
variation of serum leptin and CEACAMI1 concentrations between chronic pancreatitis and
early stages of pancreatic cancer are needed. Also, another limitation of our research is the
relatively small size of the study cohort. A well-known challenge facing research in this field
is the low incidence of pancreatic cancer and the need for national and international
collaborations to obtain a sufficient number of biological samples needed to identify new
biomarkers.

In the last part of the research, we conducted an experiment in which I screened plasma
pools for 176 microRNAs using the real-time PCR technique. Twenty-three of these were
found to be overexpressed in pancreatic cancer patients relative to healthy controls. We
subsequently validated the overexpression of miR-34a-5p, miR-100-5p, miR-193-5p, miR-
122-5p, and miR-885-5p in individual plasma samples. We thus identified, by using the
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Mann-Whitney test, a statistically significant increase for all five microRNAs in the plasma
of pancreatic cancer patients compared to control subjects. In addition, using simple
regression analysis, we identified a single factor that influenced the expression variation of
miR-34a-5p, miR-100-5p, miR-193-5p, miR-122-5p, and miR-885-5p in pancreatic cancer
patients: tumor stage. We thus emphasize not only the overexpression of these five
microRNAs in pancreatic cancer patients but also their prognostic role.

In conclusion, we identified two proteomic markers that may contribute to the
detection of pancreatic cancer among patients with chronic pancreatitis, namely leptin and
CEACAM-1. We also validated five microRNAs with increased expression in pancreatic
cancer patients compared to control subjects, namely miR-34a-5p, miR-100-5p, miR-193-
5p, miR-122-5p, and miR-885-5p. Future research is required to elucidate the mechanisms
by which these biomarkers contribute to pancreatic oncogenesis. In addition to their
diagnostic function, these biomarkers may represent prospective therapeutic targets for the
development of new therapies to reduce the risk of malignant transformation of benign

pancreatic diseases or for the treatment of pancreatic cancer.
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