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ABSTRACT

Background: Pancreatic ductal adenocarcinoma (PDAC) is a leading cause of cancer-related
deaths. The poor survival rate for PDAC is mostly due to the lack of effective biomarkers for
early diagnosis. This study aimed to develop a standard operating procedure for a high-
throughput mass spectrometry-based workflow that can be used for plasma-based biomarker
discovery studies.

Methods: Total protein was extracted from a master pool consisting of 28 PDAC samples
(M211158). SDS-PAGE was conducted to visualize the dynamic range of the plasma
proteins. Three sample preparation methods were compared, Method 1: plasma diluted 25X
with buffer (50mM Tris-HCI pH 8 with 2% SDS), Method 2: plasma diluted 5X with 50mM
TEAB buffer, and Method 3: precipitation (using 80% and 100% acetone) followed by
resuspension in 50 mM Tris-HCI, 2% SDS. The Hydrophilic Interaction Liquid
Chromatography (HILIC) and protein aggregation capture (PAC) based protocols were
compared for clean-up and digestion of the proteins. Low pH reverse phase chromatography
was applied to separate the peptides and SWATH-MS analysis was conducted for label-free
quantification. The methods were compared based on reproducibility, ease of automation and
the number of peptides identified. A pilot study including 6 PDAC, 6 Chronic pancreatitis,

and 6 healthy individuals was conducted to test the selected optimized method.

Results: The combination of the 25-fold dilution of Method 1 and the 2 hrs HILIC bead-
based method (with a Trypsin and LysC combination) were effective in protein sample clean-
up and digestion, yielding the highest number of peptides (mean: 2856). The combination of
Trypsin and LysC enzymes contributed to the improvements in technical variation and
peptide quantitation. The preliminary analysis identified 25 differentially expressed proteins
(22 downregulated and 3 upregulated) between the healthy and PDAC patients. Most of these

proteins are associated with tumorigenesis.

Conclusion: This study developed a standard operating procedure for processing plasma
samples and can be applied in future studies for the identification of potential markers for
PDAC.
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CHAPTER 1

LITERATURE REVIEW

1.1. The Pancreas: structure and function

The pancreas is an endoderm-derived organ located behind the stomach that regulates
carbohydrate and protein digestion and glucose homeostasis (Hezel et al., 2006). It is
labelled as an endocrine gland however; it conducts both endocrine and exocrine functions
(Aier et al., 2019). The organ comprises the endocrine region composed of small irregular
patches of cells known as the islets of Langerhans (Aier et al., 2019) and exocrine (acinar and
ductal) cells which account for 80% of the tissue mass of the organ (Hezel et al., 2006). The
exocrine acinar cells secrete digestive enzymes such as proteinases, amylases, and lipases,
which become secreted in pancreatic ducts before moving into the small intestines breaking
down proteins, fats, and carbohydrates for absorption (Zhou and Melton, 2018). Despite
making up < 5% of the overall pancreatic mass, there are a billion and above cells in the
endocrine islets of Langerhans in humans. The five main types of islets cells synthesize and
secrete principal hormones including glucagon (a-cells), insulin (B-cells), somatostatin (8-
cells), ghrelin (e-cells) and polypeptide (PP cells). Through a complex intra-islets vascular
network, insulin and glucagon are directly released into the bloodstream and play crucial

roles in controlling blood glucose levels (Zhou and Melton, 2018).
1.2. Pancreatic ductal adenocarcinoma

1.2.1 Epidemiology of Pancreatic cancer

Pancreatic cancer (PC) is one of the most lethal cancers with a 5-year survival rate of 12%
(Siegel et al., 2023). PC is also the third leading cause of cancer deaths in both women and
men (Siegel et al., 2023). Pancreatic ductal adenocarcinoma (PDAC) makes up 90% of PC
cases (Adamska et al., 2017). In the year 2020, GLOBOCAN conducted a survey that
revealed 495,773 new cases of PDAC, and the number of deaths secondary to PDAC was
466,003 per year worldwide (Ushio et al., 2021). Multiple studies have reported that
individuals of African ancestry experience 40%-90% more incidence and have the poorest
prognosis (survival rate of 10%-20%) of the disease compared to other ethnic groups (Heller
et al., 2020, Chang et al., 2005, Khawja et al., 2015). The poor statistics could be attributed to



genetic and social factors such as diabetes and smoking, as well as late diagnoses (Silverman
et al., 2003). This suggests a need for understanding the disease biology in these patients.
PDAC has been observed to be more common in males than females and the incidence rate

increases with age for all genders (Rawla et al., 2019).

1.2.1.1. Diseases of the pancreas: Chronic pancreatitis
Various diseases occur in the pancreas, one of them being chronic pancreatitis (CP), a disease

associated with the exocrine pancreas that drastically reduces life expectancy and quality of
life. Presently, there is no curative measure available. This condition is highly common
worldwide, but there are notable variations in how it appears and is treated in different
countries. These differences can be attributed to a range of factors, such as diverse causes,
individual factors, the way symptoms manifest, and disparities in healthcare accessibility.
Additionally, these variations may also stem from biases present in regional studies,
including biases related to participant selection, recruitment methods, or the timing of
diagnosis (Desai et al., 2022). Individuals with CP will exhibit symptoms such as pancreatic
insufficiency, weight loss and steatorrhea (fat presence in the stool), and weight loss.
Pancreatic insufficiency occurs when more than 90% of the pancreas is damaged (Benjamin
and Lappin, 2023).

CP is an inflammatory condition that gives rise to permanent loss of endocrine and exocrine
pancreatic parenchyma replacement and/or atrophy with fibrotic tissue (Benjamin and
Lappin, 2022, Gandbhi et al., 2022). In certain conditions or diseases, such as CP, the normal
healthy pancreatic tissue can be progressively replaced by fibrotic tissue. Fibrosis is the
formation of excessive connective tissue, characterized by the deposition of collagen and
other fibrous proteins. As fibrosis progresses, it can lead to the atrophy (shrinkage) of the
pancreatic parenchyma, which is the functional tissue of the organ. Additionally, if the
endocrine function of the pancreas is impaired, it will eventually lead to a type of diabetes
called pancreatogenic diabetes or Type 3c diabetes (Benjamin and Lappin, 2023). In CP,
including tropical pancreatitis (a type of CP that predominantly affects individuals living in
tropical regions, particularly in developing countries) and hereditary pancreatitis (a rare form
of CP that is inherited in an autosomal dominant pattern), long-lasting inflammation causes
an environment in the pancreatic tissue that can lead to carcinogenesis by elevating cell
turnover and stellate cell proliferation. Additionally, previous studies have observed CP to be
a risk factor for pancreatic cancer (PC), a condition characterized by the formation of

cancerous cells in the pancreatic tissues. (Han et al., 2022).



1.2.2. Pancreatic cancer types and PDAC development

Cancer of the pancreas can occur in the endocrine and exocrine glands of the pancreas
(Litman-Zawadzka et al., 2019) and there are various types of exocrine pancreatic cancers
including squamous cell carcinoma, adenosquamous carcinoma, colloid carcinoma, and
pancreatic ductal adenocarcinoma (PDAC). PDAC is the most common among pancreatic
neoplasms, accounting for more than 90% of PC diagnoses (Kamisawa et al., 2016). PDAC is
a mucin-producing gland-forming neoplasm that causes excessive stromal desmoplastic
reactions (Orth et al., 2019). Cancer cells have the ability to both destroy the existing
extracellular matrix and stimulate the production of new matrix through the activation of
stromal cells. This response, known as the desmoplastic reaction, involves a dynamic
remodeling process that includes both the creation and breakdown of the matrix (Ohtani,
1998). The acinar cells are characterized by their high degree of plasticity and are regarded to
be the drivers of pancreas regeneration as well as homeostasis (Orth et al., 2019). The acinar
cells undergo lineage reprogramming into epithelial (duct-like) phenotypes in a process
known as acinar-to-duct metaplasia (ADM) when there are specific micro and

macroenvironmental stimuli such as tissue damage (Kopp et al., 2012).

ADM enables acinar cells to acquire progenitor cell-like characteristics that make them
vulnerable to pro-oncogenic hits, for example, the activation of mutations in the proto-
oncogene KRAS (Orth et al., 2019). The cells are transformed into pancreatic intraepithelial
neoplasias (PanINs), a transformation considered the first step in the development of PDAC
before sequential progression (Kanda et al., 2012) (Figure 1.1). PanINs are known to be the
precursors of PDAC and progress from low to high-grade tumours carrying the faulty KRAS
gene (Aier et al., 2019). Another group of tumour lesions found within the pancreatic duct is
intraductal papillary mucinous neoplasms (IPMNs) which also act as cancer precursors and

contain moderate amounts of the KRAS genes (Schmidt et al., 2007).



Increasing desmoplasia

Acinar Acinar-ductal  Pancreatic intraepithelial Pancreatic Intraepithelial  Pancreatic intraepithelial Pancreatic ductal
cells metaplasia (ADM)  neoplasia (PaniN) 1 neoplasia (PaniN) 2 neoplasia (PanIN) 3 adenocarcinoma (PDAC)
< RS — P53 —
SMAD4
< CDKN2/ —

— Epigenetic dysregulation —

Figure 1. 1. Pancreatic ductal adenocarcinoma initiation and progression. The KRAS activity drives
differentiated pancreatic cells such as acinar cells into a dedifferentiated, ductal state that progresses into
pancreatic epithelial neoplasia (PanIN) and ultimately PDAC. Adapted from: (Orth et al., 2019) which is
distributed under the terms of the Creative Commons Attribution 4.0 International License

(http://creativecommons.org/licenses/by/4.0/).

Studies involved in the investigation of PDAC’s mutational and transcriptional landscape
identified that the most frequently occurring mutations are found in KRAS gene(Orth et al.,
2019). Several other tumour suppressor genes such as mothers against decapentaplegic
homologue 4 (SMAD4), tumour suppressor protein 53 (TP53) and cyclin-dependant kinase
inhibitor 2A (CDKN2A) show repeated alterations in PDAC as well (Waddell et al., 2015).

1.2.3. Risk factors that predispose individuals to PDAC

Several risk factors predispose individuals to PDAC. Familial PDAC occurs in approximately
10% of PDAC cases (Diaz and Lucas, 2019). Individuals with a family history of PDAC have
an increased risk (6.79 times greater) of developing the disease and this risk increases in

individuals younger than 50 years. (Brune et al., 2010).

Genetic disorders such as hereditary pancreatitis are also risk factors for developing PDAC.
Hereditary pancreatitis is linked with mutations in the serine peptidase inhibitor kazal type 1
(SPINK1) and serine protease 1 (PRSS1) genes (Ushio et al.,, 2021). Individuals with
hereditary pancreatitis have an increased risk (60-87 fold) of developing PDAC (Rebours et


http://creativecommons.org/licenses/by/4.0/

al., 2008). In addition, Lynch syndrome, familial adenomatous polyposis, familial atypical
multiple mole melanoma syndrome, and Peutz—Jeghers syndrome increase an individual’s
risk of developing PDAC (Ushio et al., 2021).

Approximately 25-50% of PDAC patients would have already developed diabetes mellitus
about 1-3 years before being diagnosed with PDAC (Becker et al., 2014), with Type 3c
diabetes mellitus occurring in 30% of PDAC patients (Cui and Andersen, 2012). Obesity has
also been observed to promote the development of cancers through mechanisms including
changes in gastrointestinal peptide secretion, autophagic processes, and gut microbiota (Park
et al., 2014, Allott and Hursting, 2015). Additionally, an increased waist circumference of 10
cm and body mass index (BMI) of 5 kg/m? increases the risk of PDAC onset by 1.11 and
1.10-fold, respectively (Ushio et al., 2021).

Smoking cigarettes has also been reported to increase PDAC risk by 1.68-fold compared to
non-smokers (Matsuo et al., 2011). Also, large-scale studies have indicated that consuming
extensive amounts of alcohol may increase the risk of developing pancreatic cancer by 60%

in comparison to non-drinkers (Tramacere et al., 2010, Aier et al., 2019).

As mentioned above, there have been reports that CP is a risk factor for PDAC development
(Ushio et al., 2021), and CP patients were found to have a 13.3-fold greater risk of the PDAC
disease in a study (meta-analysis) conducted by Malka and colleagues (2002) (Malka et al.,
2002). CP is a disease distinguished by progressive inflammation of the pancreas and scarring

with parenchymal classifications.

1.2.4. Diagnosis of Pancreatic ductal adenocarcinoma

The poor statistics for the survival rate for pancreatic ductal adenocarcinoma (PDAC) are
attributed to most patients being diagnosed at an advanced stage when the cancer has
metastasized (Society, 2014). The early-state tumour is usually asymptomatic and there are
no reliable biomarkers to aid with early detection (Elbanna et al., 2020). Majority of
individuals with PDAC present with symptoms such as abdominal pain, loss of appetite,

jaundice, dark-coloured urine, light stool and itchy skin.

There are several methods used for the diagnosis of PDAC such as imaging methods which
include ultrasound, magnetic resonance imaging (MRI), computerized tomography (CT) and
positron emission tomography (PET). The advantage of using ultrasound is that it is cost-

effective, widely accessible, and non-invasive (Winter et al., 2019). However, it is not



recommended for PDAC detection and progress evaluation as it does not show small tumours
of <2 cm (Khorana et al., 2017, Takaori et al., 2016). Additionally, it poorly visualizes the
degree of local progression, the topography of changes, and tumour localization related to

surrounding organs (Winter et al., 2019).

Multiphase multi-detector row CT (MDCT) is considered to have the highest accuracy in
determining distant metastases and resectability, the extent of the primary tumour, vascular
invasion and locoregional extension (Kramer-Marek et al., 2013). However, the CT scan is
unable to reliably detect small lesions of < 1 cm, isoattenuating (a state in which a particular
structure or tissue has a similar or nearly identical density as the surrounding tissues on
imaging studies) primary tumours (Elbanna et al., 2020) and differentiate between benign
conditions and malignant lesions (Tummers et al., 2018).

MRI has a high soft tissue contrast which makes it a preferred method for evaluating cystic
lesions in the pancreas and is more precise in detecting distant metastases and enlarged lymph
nodes compared to CT (Vachiranubhap et al., 2009). A limitation of MRI is its inability to
reliably distinguish necrotic or residual tumours from fibrosis and radiation changes after
treatment (Tummers et al., 2018). PET allows for whole-body imaging to enable the staging
of diseases (Tummers et al., 2018) and has a radiotracer which is a glucose analogue known
as 18F-fluorodeoxyglucose (18F-FDG). As PDAC is associated with an overexpression of
glucose transporter-1, it will result in an increased 18F-FDG uptake on PET-CT (Reske et al.,
1997). The limitation of using 18F-FDG uptake is false positive findings because glucose
metabolism is not specific for malignant processes whereby physiological uptake can be

found in inflammatory tissues and normal tissues (Yokoyama et al., 2005).

Presently, circulating biomarkers are preferred due to their minimally invasive nature and
ease of collection in clinical diagnoses(He and Yuan, 2014). The primarily employed serum
marker, sialylated Lewis blood antigen CA19-9, is used to monitor responses to therapy and
not as a diagnostic marker due to poor specificity and sensitivity (Chakraborty et al., 2011).
In addition, in patients with chronic pancreatitis, other gastrointestinal tract malignancies and
benign diseases of the hepatobiliary system, CA19-9 can also be elevated (Xu et al., 2011,
Ulla Rocha et al., 2007). Another biomarker is the carcinoembryonic antigen (CEA), a serum
biomarker that assists in diagnosing mucinous pancreatic tumours but does not provide
accurate malignancy detection at early stages (Peng et al., 2019). Both CA19-9 and CEA are

biomarkers that are commonly used in clinical practice for certain medical conditions,



particularly in the context of cancer diagnosis, monitoring, and treatment. Therefore, due to a
lack of reliable biomarkers, detecting PDAC early is difficult, creating an urgent need to
identify more specific biomarkers (Meleady et al., 2020).

1.2.5. Classification of PDAC

One of the most popular systems with criteria for the diagnosis and resection of PDAC is the
National Comprehensive Cancer Network (NCCN). According to this system, PDAC is
classified into the following categories (based on the tumour-vessel relationship): resectable,
borderline resectable, locally advanced and metastatic (Kulkarni et al., 2020). Resectable
means the tumour may be removed by surgery. Borderline resectable is frequently described
as a tumour that is restricted to the pancreatic bed with minimal involvement of adjacent
vascular structures, allowing for the possibility of vascular restoration (Soweid, 2017). The
borderline resectable category imaging tests are unable to consistently predict whether
surgery is needed or not. Locally advanced is when cancer has spread to nearby organs,
lymph nodes and tissues, and the chance of successful surgical resection is <5%. When
cancer has spread to other parts of the body it is known as metastatic (Network, 2019). The
main drivers of PDAC metastases formation are still insufficiently understood, mainly
because the genetic make-up of most metastases closely resembles that of the corresponding

primary tumour (Orth et al., 2019).

1.2.6. Treatment of PDAC

For most PDAC patients, radical surgical resection is still the only possible curative therapy,
but the recurrence rate can reach 85% (Digiacomo et al., 2021). Whipple surgery, also known
as pancreatoduodenectomy is the preferred method of choice for PDAC (resectable and
borderline resectable) with mortality rates of <2% (Khachfe et al., 2021). This complex
surgical procedure involves the removal of the pancrease head, bile duct, gallbladder.
Whipple surgery is a time-consuming and complex surgery with a high risk of complications
like wound infections and postoperative pancreatic fistula (Shaeir et al., 2022). Another form
of treatment is radiation therapy where high-energy waves or particles are used to kill tumour

cells.

Surgery or radiation therapy (RT) (a medical treatment modality that utilizes high-energy
radiation to target and destroy abnormal cells or tumors within the body) are typically the
main treatments for most cancers, with additional treatments like chemotherapy or hormone

therapy sometimes used before or after the primary therapy. These additional treatments are



referred to as neoadjuvant therapy when given before the primary therapy, and adjuvant
therapy when given after, as they serve to assist in the overall treatment plan (West and Jin,
2015). The ideal neoadjuvant/adjuvant treatment regimen for PDAC remains unclear, but
typically involves folfirinox for neoadjuvant therapy and Gemcitabine-based regimens for
adjuvant therapy in PDAC treatment (Principe et al., 2021). Folfirinox is a combination
therapy consisting of fluorouracil, leucovorin, oxaliplatin and irinotecan, used to kill or slow
down the growth of cancer cells. Gemcitabine, also known as Gemzar or 2', 2'-
difluorodeoxycytidine, is a pyrimidine antimetabolite that functions as a specific analog of
deoxycytidine. It is extensively utilized in the treatment of various solid tumors and
neoplastic hematologic disorders (Xie et al., 2018). Gemcitabine is primarily metabolized
within cells, and its major metabolite, gemcitabine triphosphate (dFdCTP), functions as a
competitive substrate for deoxycytidine triphosphate (dCTP). This means that dFdCTP can be
inserted into the growing DNA chain during replication, effectively impeding its elongation.
As a consequence, the inhibition of DNA chain elongation leads to cell death through a
process called apoptosis (Amrutkar and Gladhaug, 2017).

Several cancers are known to respond well to RT, however, the effectiveness of combining
RT with chemotherapy for PDAC treatment is still an ongoing debate (Fujiwara et al., 2020).
Locally advanced PDAC is often treated with combined chemoradiation or combination
chemotherapy which have shown limited improvement in survival thus far (Soweid, 2017).
Despite some treatment modalities employed in the management of PDAC, they have not
significantly improved patient outcomes and survival. Studies have shown that early
detection of the disease may improve patient prognosis (He and Yuan, 2014). This reinforces

the need for sensitive and specific biomarkers.

1.3. Biomarker discovery: The role of Proteomics

The use of proteomic technology for PDAC research (as well as other diseases) holds the
potential to uncover early diagnostic biomarkers, track the progression of the disease, and
facilitate the development of targeted therapies, complimenting existing genomic approaches
(This includes techniques such as whole-genome sequencing, transcriptomics, and
epigenomic (Meleady et al., 2020). The proteome refers to the complete protein complement
of cells, organs or organisms (Aslam et al., 2017). Proteomics is the study of proteins
including their function, expression, interactions, structure, localization and modifications

(Domon and Aebersold, 2006). Additionally, it sheds light on the interplay between various



molecules that contribute to diseases, providing valuable insights that can help determine the
underlying molecular mechanisms of diseases. (Meleady et al., 2020).

The use of proteomics in cancer research has gained widespread popularity. By utilizing
proteomics-based techniques, researchers can identify potential biomarkers and delineate
patterns of protein expression that are linked to disease onset or progression (Vellan et al.,
2022). This information can be used to evaluate tumour prognosis, predict outcomes, classify
tumours, and identify patients who may benefit from targeted therapies.  Recent
developments in proteomic technology have made it possible to conduct in-depth analysis at
the cellular and molecular levels to better understand complex diseases like cancer (Vellan et
al., 2022). Human Epidermal Growth Factor Receptor 2 (HER2) is found to be overproduced
in 15-30% of cases of invasive breast cancer, and this has important implications for both
predicting the outcome and guiding treatment decisions (Burstein, 2005). In a study by
Slamon et al.,, 1987, the researchers demonstrated the prognostic value of HER2
amplification in 189 breast cancer patients. They discovered that an increase in the HER2
gene was a significant predictor for both overall survival (P < 0.001) and the time it took for
the cancer to return (P < 0.0001) (Slamon et al., 1987).

Proteins are continually being demonstrated to have potential as biomarkers of PDAC. For
example, studies (Li et al., 2016, Lee et al., 2017, Makawita et al., 2013, Porterfield et al.,
2014) have previously identified regenerating family member alpha 1 (REG1A) and
regenerating family member beta 1 (REG1B) from various biological samples such as serum,
tissues, urine, and pancreatic ductal fluid as potential biomarkers (Li et al., 2016, Lee et al.,
2017, Makawita et al., 2013). In another study, the same group of researchers discovered that
urinary REG1B levels (AUC: 0.93) exceeded in performance compared to REG1A (AUC:
0.90) in differentiating early-stage PDAC from chronic pancreatitis patients and healthy
controls (Debernardi et al., 2020). Nevertheless, to date, there have not been any newly
developed biomarkers that have received clinical approval and demonstrated sufficient
specificity and sensitivity for the detection of PDAC, and this study aims to identify proteins

that could be potential biomarkers for the disease.

Another study employed normal phase liquid chromatography-mass spectrometry (NPLC-
MS/MS) to identify alpha-1-acid glycoprotein as upregulated in PDAC tissues compared to
normal pancreatic tissue, acquired from individuals with a benign pancreatic disease like

mucinous cystadenoma, serous cystadenoma and pancreatic pseudotumor. The finding was



later confirmed by parallel reaction monitoring (PRM) (Zhou et al., 2019). In an earlier study,
Kim et al. (2014) identified fibrinogen as a possible biomarker in the serum of PDAC
patients relative to healthy controls by use of matrix-assisted laser desorption/ionization-time
of flight/mass spectrometry (MALDI-TOF/MS) (Kim et al., 2014). The same protein was
validated in PDAC patients, healthy controls and diabetic patients using ELISA and serum
fibrinogen levels were found to be significantly elevated in PDAC patients relative to the
healthy controls (Chung et al., 2020).

The Clinical Proteomic Tumour Analysis Consortium (CPTAC) data portal provides access
to key findings from in-depth proteomics studies of several tumours (Cao et al., 2021).
CPTAC has played a significant role in advancing proteogenomic studies aimed at promoting
an understanding of the links between cancer genotype and phenotype, molecular
pathogenesis, and response to treatment (Boys et al., 2022). An in-depth analysis of 105
treatment-naive, surgically resected PDAC tissue samples, including 67 paired normal
adjacent tissues and nine normal pancreatic duct tissues revealed novel insights into
pancreatic ductal adenocarcinoma. Following stromal and immune content correction, a total
of 21 proteins were described as potential early detection and diagnostic targets. Specifically,
out of these proteins, 12 are secreted, and they have the potential to function as markers for
early detection in serum or pancreatic juice (Gonzalez-Borja et al., 2019). Lysyl oxidase
homolog 2 (LOXL2) abundance was associated with decreased survival (P = 0.041). It has
been reported that thrombospondin 2 and laminin subunit gamma-2 levels were increased in
the bloodstream of patients diagnosed with PDAC (Kim et al., 2017b). According to previous
data from the Pancreatic Cancer Database, hexokinase 2, LOXL2, collagen type XIlI alpha 1
chain, chromosome 19 open reading frame 33, tetraspanin 1, and midkine were identified as
being elevated. These findings were previously supported solely by evidence from RNA or

proteomic analysis conducted on cell lines (Thomas et al., 2014).

Additionally, 14 of the 21 proteins were further validated via data-independent acquisition-
mass spectrometry (DIA-MS). The researchers further conducted expression analysis of
glycoproteins in tumours with different KRAS mutations and showed upregulation of both
carcinoembryonic  antigen-related cell adhesion molecule 5 (CEACAMb5) and
carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAMS6) in tumours with
G12D, G12V, and Q61H KRAS mutations, which were suggested to possibly serve as
potential targets for treatment (Cao et al., 2021). In this study cohort, there were mainly
individuals from Russia (7.9%), China (15%), Canada (13.6%), Poland (32.1%) and the

10



United states (20%) (Cao et al., 2021). Therefore, emphasizing the need for studies including
patients of African ancestry.

In a previous study conducted in our laboratory, comparing proteomic profiles of tumours
and normal tissue from PDAC patients of African ancestry using sequential window
acquisition of all theoretical mass spectra (SWATH-MS), several significantly dysregulated
proteins related to PDAC were identified (Nweke et al., 2020). SWATH-MS is an advanced
proteomics method that merges the advantages of data-independent acquisition (DIA) mass
spectrometry with the precise identification and quantification of peptides. It operates by
systematically collecting high-resolution mass spectrometry data across multiple mass-to-
charge ratio (m/z) windows, encompassing the complete desired mass range. Most of these
identified proteins (such as plectin, alpha-actinin-1, LIM and senescent cell antigen-like-
containing domain protein 1, and integrin-linked kinase) are associated with extracellular
matrix formation and cell proliferation, which play a major role in tumour progression
(Nweke et al., 2020).

Using tissue samples for biomarker discovery has its pros and cons. A primary advantage is
that the biomarker will be at its highest concentration within the tissue (Blonder et al., 2011).
However, alternatiely blood is minimally invasive to collect and easily accessible (Peng et
al., 2019), making blood plasma a favourable biofluid for biomarker discovery studies.
Proteome information from tissue and plasma samples may be linked as many proteins such
as those involved in tumour progression are secreted from tumour cells and may be measured
in the bloodstream. The secretome consists of proteins secreted by cells that are transiently
expressed during organ development, response to different pathologies, maturation and
environmental stimuli. Secreted proteins play critical roles in cell-cell signalling, growth and
communication as well as provide insight into various pathological condition stages. They are

an important source for discovering novel biomarkers (Stastna and Van Eyk, 2012).

1.4. Mass-spectrometry technologies

Mass spectrometry (MS)-based proteomics is an important technique in investigating
alterations in the proteome (Peng et al., 2019). The sensitivity, specificity and accuracy of
protein-based diagnostics are strongly associated with the advancement of high-performance
MS instruments for the measurements of analytes in clinical research (Ansari et al., 2014).
MS is used to identify the presence or abundance of proteins using their basic properties such

as mass and net charge ratio (Sinha and Mann, 2020).
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MS is a type of analytical method that allows for both structural and quantitative information
to be obtained from analyte molecules. The process begins by introducing the molecules of
interest into the instrument's ionization source, to produce positive or negative gas phase ions
(Ho et al., 2003). The resulting ions then move through the mass analyzer, with their
mass/charge ratio determining their mobility. Upon reaching the detector, signals are
generated and recorded by a computer system, which deconvolutes the signal to produce a
mass spectrum, representing the intensity of ion signals as a function of their mass/charge
ratio (Ho et al., 2003).

Electrospray ionisation (ESI) is the most popular method of ionization used in proteomics
analysis. Conventional ESI involves using a hollow tube-like structure, known as a capillary
or spray needle, introducing the sample into the mass spectrometer under the influence of a
high voltage and a flow of gas (Hu and Yao, 2022). A liquid that can undergo ionisation is
passed through a spray needle that is maintained at a high voltage with a counter electrode.
The voltage differential between the needle and the counter electrode is strong enough to
overcome the surface tension of the liquid, resulting in the formation of a Taylor cone, which
eventually releases charged droplets (Figure 1.2). These droplets are then subjected to further

acceleration for entry into the mass analyzer(s) (Patrick, 2020).
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Figure 1. 2. Schematic representation of the electrospray ionization process. The sample is fed into the
ionisation source at a specific flow rate. The analyte is then passed through an electrospray needle, which is
charged with a high voltage. As the droplets travel from the needle tip to the cone, the solvent begins to
evaporate, causing the droplets to shrink. When the surface tension can no longer support the charge, a
phenomenon called a "Coulombic explosion™ occurs, breaking apart the droplet into smaller droplets and naked

charged analyte molecules. These smaller droplets can undergo the same process again.
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One way to obtain sequence information of molecules involves isolating the precursor ions of
interest through mass selection and further fragmenting them in a collision cell. Following
this, the resulting fragment ions can be subjected to mass analysis using a second mass
analyzer in a tandem mass spectrometer system (Ho et al., 2003). A common tandem
quadrupole system involves three quadrupoles arranged in a linear fashion, often referred to
as a "triple-quad”. The first quadrupole (Q1) is used to selectively isolate the precursor ion,
based on its mass. Subsequently, the precursor ions are made to collide with a collision gas,
in a second quadrupole collision cell (Q2) that uses only radio frequency (RF) waves. This
collision activation process, also known as collision-induced dissociation (CID), results in
further fragmentation of the precursor ions. The resulting daughter/fragment ions are
indicative of the molecular structure of the precursor ions and can be analyzed using the third
quadrupole mass analyzer (Q3) to provide structural information. In other systems, the Q3 is
replaced with a more high-resolution mass analyzer such as a time-of-flight (TOF) device
(often referred to as a “QTOF”), allowing for greater mass accuracy and proteome coverage.
This approach of precursor selection followed by fragmentation and fragment ion analysis is
typically referred to as MS/MS in literature (Ho et al., 2003).

The development of the sequential window acquisition of all theoretical mass spectra
(SWATH) has led to the reliable and precise label-free measurement of proteomes (Gillet et
al., 2012). The SWATH-MS technique involves a data-independent acquisition method,
followed by an innovative targeted data extraction technique (Chen et al., 2021). In summary,
the method obtains full scan maps of peptide precursor ions without prior selection (MS1
scan). This is followed by MS2 scans with specific m/z isolation windows, that record the
chromatographic elution traces of all detectable fragment ions (Figure 1.3). This analysis
method utilises MS2-based quantification of the fragment ion data based on their intensities,
providing consistent information for protein quantification (Chen et al., 2021). SWATH-MS
and has the added advantage of monitoring many more analytes in an unbiased manner. For
SWATH-MS measurements as with other bottom-up proteomics approaches, trypsin is
commonly used to digest non-labelled proteins and the peptides that result, are analyzed via
liquid chromatography, typically reverse-phase, connected to a tandem mass spectrometer

(typically a QTOF) running in data-independent acquisition mode.
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Figure 1. 3. Schematic diagram of SWATH-MS principle. The MS1 scan is comprehensive and detects all
precursor ions without any initial selection. This is followed by 32 MS2 scans, for example, each with a defined

increase of 25 m/z, starting from 400 m/z to 1200 m/z, adapted from (Chen et al., 2021).

1.5. Plasma proteomics, depletion, fractionation

Mass spectrometry-based plasma proteomics can provide solutions to many challenges such
as early disease detection which depend entirely on more specific biomarkers (Ignjatovic et
al., 2019). One of the most accessible biofluids is plasma which has the potential to improve

therapeutic monitoring and disease diagnosis.

Although plasma is easily accessible, they are often variably collected and processed during
daily clinical routines. Both collection and processing have the potential to influence the
outcomes of clinical studies, especially regarding biomarker identification (Geyer et al.,
2019). During the process of sample collection, processing and preparation for downstream
analysis, a lack of standardized technigues can lead to contamination and inaccuracies in the
results obtained (Geyer et al., 2019). Furthermore, due to the prominence of high-abundance
proteins in plasma in comparison to other clinical specimens, there are additional protocol

considerations for in-depth biomarker studies (Kim et al., 2017a).

Plasma is a complex sample source and dynamic in range, whereby the concentrations of the
least and most abundant proteins vary by approximately 10 orders of magnitude (Lee et al.,
2019). Prefractionation methods have been utilised in efforts to uncover the low-abundant

proteins masked by highly-abundant ones through the reduction of protein complexity per
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fraction (Kaur et al., 2021). The detection of low-abundant proteins can also be improved
through the depletion of highly-abundant proteins (Gianazza et al., 2016). One of the most
abundant plasma proteins in humans, constituting approximately 50% of all plasma proteins

is albumin (Campos Munoz et al., 2022).

Immunodepleting of highly-abundant proteins is a widely used sample preparation method
that is applied to biofluids with a high dynamic range (e.g., plasma) (Garcia et al., 2017).
This process uses specific antibodies and their protein targets for the selective capture and
removal of highly-abundant proteins. The majority of immunodepletion kits are currently
available in column format wherein specific antibodies are bound onto affinity resins to retain
high-abundant proteins while retrieving lower-abundant proteins for proteome analysis (Lee
et al., 2019). An alternative method to depletion for sampling low abundant proteins in the
plasma proteome and increasing protein coverage is ion exchange chromatography. Proteins
are fractionated based on their hydrophobicity and charge using ion exchange
chromatography, with the elution rate being influenced by the salt concentration or pH of the
mobile phase (Chutipongtanate et al., 2017). lon-exchange chromatography offers the
advantage of elution occurring under moderate conditions, which allows the protein or
peptide to retain its native structure. In addition, the cost is much lower compared to
antibody-based methods (Zhu et al., 2012).

1.6. Method standardisation for biomarker discovery

The preparation of plasma samples for protein quantification by liquid chromatography-
MS/MS requires the following steps for processing: protein dilution, reduction, alkylation,
enzymatic digestion and peptide clean-up (Kruger et al., 2013, Dittrich et al., 2015). Sample
preparation, in particular, protease digestion is a major source of variability in LC-MS/MS,
therefore it is vital to have a standardized and highly controlled digestion method that will
meet the reproducibility and precision standards that are a requirement for reliably identifying
and verifying biomarkers (Fu et al., 2018). For improved accuracy and precision, each of the
sample preparation steps must be conducted at a controlled temperature, start and end at a
consistent time, and have accurate liquid transfers and good mixing for uniform reactions
(Zhang and Rockwood, 2015).

Common sample preparation methods revolve around eliminating detergents that aid in

extraction but hinder proteolytic digestion and LC-MS. However, multi-step preparations that
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remove detergents often result in decreased reproducibility due to potential losses, biases, and
contaminations, as well as requiring extensive time and labour (Doellinger et al., 2020).

To establish a more robust pathway from discovering the biomarkers to validation,
developing a simple and highly reproducible sample preparation workflow is important (Fu et
al., 2018).

1.7. Justification of study

With the increase in several high-throughput technologies for biomarker screening in recent
years, there has been a plethora of potential novel biomarkers for the diagnosis of PDAC.
However, there are still no new clinically approved ones with adequate specificity and
sensitivity for the detection of PDAC. The application of MS-based plasma proteomics has
the potential to address various challenges, including the identification of more precise
biomarkers, leading to early detection and diagnosis of disease. However, the shortfall of
standardized methods for preparing and processing samples may impede the identification of
biomarkers. Additionally, a study by Nweke et al.,(2020) identified a number of differentially
expressed proteins (potential biomarkers) from resectable African PDAC patient tissue
samples. However, the collection of tissue is highly invasive and not easily accessible
compared to blood. Therefore, the goal of this study was to develop a standardized method by
assessing three parameters (ease of throughput, reproducibility and peptide identification) for
plasma sample preparation. Importantly, this study uniquely utilizes samples from PDAC
patients of African ancestry. This work will aid in further studies relating to the discovery of

relevant biomarkers and understanding the disease progression in this group.

1.8. Aim

The study aims to develop a standard operating procedure (SOP), for the preparation of

plasma samples to be used for discovery proteomics studies.

1.9. Objectives

1. To compare and select the optimal workflow for sample preparation clean up and
protein digestion in plasma samples, by evaluating ease of throughput,
reproducibility, and ability to detect more distinct peptides.

2. To generate an in-depth human plasma spectral library for the identification and
quantification of proteins.

3. To formulate a standard operating procedure (SOP) for plasma sample preparation.
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4. To implement the SOP on patient samples in a pilot study to determine its utility in
profiling plasma proteins to identify key PDAC targets.
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CHAPTER 2

METHODS AND MATERIALS

2.1. Experimental strategy

The experimental procedure included sample collection, sample preparation, selection of
clean-up and digest method, comparison of depletion methods, building a spectral library,
method optimization and a pilot study (Figure 2.1). Blood samples were collected from
patients who provided written informed consent. SDS-PAGE was run to visualize the
dynamic range (wide range of concentration of different proteins) of the plasma sample.
Dilution and precipitation methods (25X dilution, 5X TEAB dilution and acetone
precipitation) were compared by assessing reproducibility, ease of throughput and the number
of peptides identified. Samples from each dilution and precipitation method were subjected to
reduction, alkylation, clean-up and digestion using the hydrophilic interaction liquid
chromatography (HILIC) method compared to protein aggregation capture (PAC) by
evaluating reproducibility and the ability to detect a high number of peptides. Low-pH
reverse-phase chromatography was applied to separate the peptides. SWATH-MS analysis
was conducted to record all fragment ions of the detectable peptide precursors present in the
samples. The proteins were identified by searching raw data against the reviewed human
UniProt sequence database (30/07/2021) and a spectral library generated using the Pulsar

search algorithm, and the dysregulated proteins were identified using Spectronaut version 14.
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Figure 2. 1. Schematic overview of experimental strategy. The order of methods used are indicated by the
arrows: sample collection from PDAC patients in the form of blood followed by sample preparation including
preparation of plasma samples from blood; gel and solution-based protein extraction and preparing samples for
MS analysis, comparison of depletion methods to remove highly-abundant proteins, building a spectral library,

and pilot study to test the optimised methods.
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2.2. Solutions, Buffers and Solvents

The solutions used in the experiments were prepared using ultra-purified water (Millipore
Corporation, Billerica, MA, USA). All solvents and buffers used for MS analysis were
prepared by use of MS-grade acetonitrile (ACN), formic acid and water (Table S1).

2.3. Sample collection and processing

A total of 46 blood samples (34 PDAC, 6 chronic pancreatitis and 6 healthy individuals) had
been collected from consented individuals Chris Hani Baragwanath in Johannesburg South
Africa. Written informed consent was obtained from individuals before sample collection. All
patients were 18 years and older and of African ancestry. The diagnosis of PDAC patients
recruited was clinically and histologically confirmed. From each patient, demographic and
clinical information was collected and stored in an already-established REDCAP version
11.0.3 (Harris et al., 2009). The mean age of all recruited patients was 54 years (+/-13.4), and
74% of the patients were male. For PDAC patients, 22 had resectable pancreatic cancer
(RPC), 8 had locally advanced pancreatic cancer (LAPC) and 4 had metastatic pancreatic
cancer (MPC) (Table S2). Blood samples of 10 ml were collected by venipuncture in an
EDTA Vacutainer tube, and the plasma separated within 2 hrs of blood collection which was
then frozen at —80 °C. For plasma separation, the blood was allowed to stand for 60 mins and
then centrifuged for 30 mins at 3000 rpm at 4 °C. The plasma samples were aliquoted (300-
500 pl) into 0.5/1.5 ml protein Lobind tubes and stored by freezing at —80 °C to maintain
sample integrity. A master mix of 27 PDAC plasma samples (the excluded 7 samples either
had an unusual morphology or there was too little of the sample) was used for method
optimization and 18 individual plasma samples (6 PDAC, 6 CP, 6 healthy) were used for the
pilot. The Human Research Ethics committee of the University of Witwatersrand approved

the study before any patient recruitment and sample collection (M211158).

2.4. Sample preparation

2.4.1. Sodium dodecyl-sulfate polyacrylamide gel electrophoresis

Sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was conducted to
visualize the dynamic range of plasma proteins. SDS-PAGE was conducted using a
Invitrogen Bolt 4-12% Bis-Tris plus gels (Thermo Fisher, Massachusetts, USA) according to
the manufacturer’s instructions. Briefly, the plasma sample was pre-diluted 5-fold [10 pl of
plasma and 40 pl of buffer (2% SDS, 50 mM Tris-HCI pH 8)]. From the prediluted sample,

20



10 pl of the sample was added to 5 pl of sample buffer (Bolt LDS Sample Buffer 4X)
(Thermo Fisher Scientific) and 2 pl of reducing agent (Bolt/NuPage Reducing agent 10X,
containing 500 mM DTT). The sample was then topped up with 3 pl of deionized water to a
final volume of 20 pl, vortexed for 30 secs and boiled at 70 “C for 10 mins. The running
buffer used was the NUPAGE MES SDS running buffer (diluted from 20X stock solution) pH
7.3 (Thermo Fisher Scientific). The gel was stained with colloidal Coomassie blue (0.1%
Coomassie G-250, 20% ethanol and 3% ortho-phosphoric acid) and de-stained with distilled
H>0 to visualize the proteins.

2.4.2. Strong Anion Exchange (SAX)

To improve protein coverage and enhance the spectral library, a fractionation technique
(SAX) was used according to the manufacturer’s instruction (ReSyn Biosciences, Pretoria,
SA), and samples were evaluated on an SDS-PAGE.

Protein binding

The protein samples (containing either 0.25 mg or 0.5 mg total protein) were added to the
equilibrated MagReSyn® SAX microparticles. The reaction volume was adjusted to a
minimum of 250 pl with binding buffer and mixed thoroughly by vortexing for 3 secs. The
proteins were allowed to bind to the microparticles for 5-10 mins at room temperature, with
mixing to allow for good sample-microparticle interaction. The tubes were then placed on a
magnetic separator, allowing the microparticles to clear. The supernatant was removed by
pipette aspiration. The microparticles were washed by adding 250 ul of binding buffer (50
mM Tris, pH 8) and resuspended by vortexing for 3 secs. The microparticles were recovered
on the magnetic separator. The magnet was inverted with the tubes still in place for the
collection of microparticles that may have been stuck to the tube lid. The supernatant was

then removed with a pipette. This was repeated twice, making a total of three washes.
Fractionation by increasing salt concentration

The microparticles with adsorbed protein mixture from the protein binding procedure were
resuspended in 50 pl elution buffer (50 mM Tris pH 8, 50 mM NaCl) and desorption was
allowed for 2 mins at room temperature. The microparticles were then recovered on the
magnetic separator and the supernatant was aspirated with a pipette. The supernatant was
kept for further analysis. this was repeated twice for better recovery of the fractionated

proteins. The whole process was repeated using elution buffers consisting of increasing salt
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concentrations (50 mM, 100 mM, 200 mM, 300 mM, 400 mM, and 2M). The eluted samples
containing the fractionated proteins were analyzed on an SDS-PAGE gel as per the
manufacturer’s instructions. The fractionated plasma samples were further processed using
the HILIC method for LC-MS analysis and library building.

2.4.3. Protein Depletion

Protein depletion was conducted using aPierce™ Albumin/lgG Removal kit and a Pierce™
Top 12 Abundant Protein Depletion Spin Columns according to the manufacturer’s

instructions (Thermo Scientific, Massachusetts, USA) to deplete highly abundant proteins.
Pierce Albumin/IgG Removal

Resin preparation: A spin column was placed into a microcentrifuge tube for each sample to
be processed. The bottle with the immobilized Cibacron Blue/Protein A gel was swirled for
an even suspension. The gel slurry (170 pl) was then added to the spin column. The column
was placed in a microcentrifuge tube and centrifuged at 10 000 x g for 1 min, and the storage
buffer was discarded. A plug was inserted at the bottom of the column containing the gel bed.

Sample processing: A plasma sample (10 pl) was diluted to 75 ul with the binding/wash
buffer and added to the gel bed. The column was briefly vortexed forming a suspension and
placed back into the microcentrifuge tube. The column containing the plasma sample was
incubated at room temperature for 10 mins on an orbital shaker. The column cap was
loosened, and the bottom plug was removed, the column was then centrifuged again at 10 000
x g for 1 min. The filtrate was recovered, and the resin bed was re-applied. The column was
incubated at room temperature for 10 mins on an orbital shaker, the bottom plug and cap
were then removed, and the column was centrifuged at 10 000 x g for 1 min. Binding/wash
buffer (75 pul) was added to the gel bed and centrifuged at 10 000 x g for 1 min and collected

wash buffer in a separate microcentrifuge tube.
Pierce Top 12 Abundant Protein Depletion Spin Column

The depletion spin column was equilibrated to room temperature, and 10 pl of the plasma
samples was added to the column containing the resin slurry. The column was closed and
inverted several times until the resin was suspended in the solution. The mixture was then
incubated at room temperature for 60 mins. with gentle end-over-end mixing. The column

was then placed in a 2 ml collection tube and centrifuged at 10 000 x g for 2 mins, and the
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resin was discarded. The eluate was processed further using the HILIC method for LC-MS
analysis and subsequent library building.

2.4.4. Solution-based method optimization

The plasma protein samples were quantified using the Pierce Bicinchoninic Acid Protein
Assay kit (Thermo Fisher Scientific, Massachusetts, USA). Plasma sample dilution and
precipitation methods were compared. Method 1: plasma diluted 25X with buffer (50 mM
Tris-HCI pH 8 with 2% SDS), method 2: plasma diluted 5X with 50 mM TEAB, 2% SDS
and method 3: acetone precipitation. For acetone precipitation, 1600 pl of ice-cold acetone
was added to 50 pl of plasma sample. The plasma samples were then centrifuged at 12 000 x
g for 30 mins at 4 °C. The supernatant was removed, and the pellet was dried for 1 min at 70
°C. Once the pellet had dried, 50 pl of 50 mM Tris-HCI, 2% SDS was added to it and

sonicated for 5 mins. All methods were conducted over two different days.

Plasma samples from each method were incubated with 10 mM dithiothreitol (DTT), to
reduce disulfide bonds in proteins formed by oxidation of sulfyhydryl groups on cysteine, at
60 °C for 30 mins and alkylated (to stabilize free sulfyhydryl groups and improve peptide
yield) in the dark with 40 mM iodoacetamide (IAA) at room temperature for 30 mins.
Alkylation was quenched with 10 mM of DTT. For protein aggregation capture (PAC), the
magnetic beads were initially pre-equilibrated with 70% ACN twice for 30 secs at 25 RPM
by mixing using a ELMI intelli-mixer RM-2L (ELMI, Riga, Latvia). The proteins were then
bound to the MagReSyn® HILIC magnetic beads (Resyn Biosciences, Edenvale, SA) and
digested with trypsin (1:20; enzyme:protein) at 47 °C for 4 hrs in a 96-deep well plate using a

KingFisher™ Duo magnetic handling station (Thermo Fisher Scientific).

For the HILIC method, extracted proteins were bound to magnetic hydrophilic interaction
liquid chromatography (HILIC) beads (ReSyn Biosciences, Edenvale, SA) and digested with
trypsin (1:20; enzyme:protein) and LysC (1:100; enzyme:protein) at 47 °C for 4 hrs. Protein
digestion was subsequently performed in a 96 deep-well plate (Figure 2.2), using a
KingFisher™ Duo magnetic handling station (Thermo Fisher Scientific). However, for the
pilot study, the KingFisher™ FLEX magnetic handling station (Thermo Fisher Scientific)
was used (Figure 2.3). After digestion, the beads were removed, and the peptide samples
from each clean-up method were transferred to 2 ml LoBind tubes. The samples were then
dried overnight using the CentriVap speed vacuum dryer to remove the buffer through

sublimation while still preserving the chemical and biological structure of the peptides. The
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peptides were quantified by using a Pierce Quantitative Colorimetric Peptide Assay Kit
(Thermo Fisher Scientific).
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Figure 2. 2. Schematic representation of hydrophilic interaction liquid chromatography (HILIC)-based
clean-up and digestion on an automated KingFisher™ Duo magnetic handling station (Thermo
Scientific). 1. disposable comb collection (row H) 2. HILIC bead collection (row G), 3. Equilibration (row F) 4.
Protein binding (row E) 5. First wash (row D) 6. Second wash (row C) 7. On-bead digestion with trypsin and
LysC (row A) 8. Elution (row B).
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Figure 2. 3. Schematic representation of hydrophilic interaction liquid chromatography (HILIC)-

based clean-up and digestion on an automated KingFisher™ FLEX magnetic handling station (Thermo
Scientific). For the KingFisher FLEX, 8 plates are prepared and loaded into the loading stations for HILIC-
based sample preparation. Disposable plastic comb collection (plate H), HILIC microparticle collection (late G),
HILIC microparticle equilibration (plate F), protein binding (plate E), wash 1 and wash 2 in plate D and plate C
respectively, on-bead protein digestion (plate A) and elution (plate B).

2.5. Building the spectral library

The library was generated using Spectronaut Pulsar, raw data (.wiff files) from method
optimization experiments (experiments 2-4, depletion and SAX fractionation) were searched
against the reviewed human UniProt sequence database (30/07/2021) and a list of common
contaminating proteins. Biognosys generic format default factory settings were applied. The
QUANT 2.0 (SN standard) LQF method was selected, and no decoys were selected.
Trypsin/P and LysC were chosen as the digestive enzymes. The search criteria also included

carbamidomethylation of cysteine as a fixed modification.

2.6. Data acquisition for the spectral library building

Method optimization experiments, depleted and fractionated peptide samples were vacuum
dried and re-suspended in 2% acetonitrile/0.2% formic acid. Analysis was conducted on a
Dionex Ultimate 3000 RSLC system (Thermo Fisher Scientific) coupled to an AB Sciex
6600 TripleTOF mass spectrometer (MS) (Sciex, Massachusetts, USA). The online de-salting

(removes excess salts and trace amounts of detergents which can interfere with peptide
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ionization and cause chemical noise) of peptides was conducted on an Acclaim PepMap C18
trap column (75 um X 2 cm). Separation was performed on the Acclain PepMap C18
nanoRSLC column (75 pm X% 15 ¢cm, 2 um particle size). C18 columns are used with more
polar solvents such as methanol, water and acetonitrile. The mobile phase is a polar liquid
while the stationary phase is a non-polar hydrocarbon. Peptide elution was achieved by using
a flowrate of 0.3 pl/min with a gradient: 6-35% solvent B in 60 min (Solvent A: MS grade
water with 0.1% formic acid, Solvent B: 80% acetonitrile with 0.1% formic acid). The 6600
TripleTOF MS was operated in data-independent acquisition mode. SWATH-MS consisted
of the acquisition of 60 MS2 scans of overlapping sequential precursor isolation windows (1
m/z overlap, variable m/z isolation width, high sensitivity mode) covering the mass range 400
to 900 m/z, and a single MS1 scan. For a total of 1 sec total cycle time, the accumulation time

for the MS1 and MS2 scans was 100 ms and 15 ms, respectively.

2.7. Evotip loading and data acquisition for the pilot study

Peptide samples were loaded on evotips as per the manufacturer’s instructions (Evosep,
Biosystems). Solvent A (MS grade water with 0.1% formic acid), solvent B (MS grade
acetonitrile with 0.1% formic acid) and MS grade 1-propanol were poured into their
respective containers. A volume of 100 pl of 1-propanol was pipetted into each well of a 96-
well plate MTP using a multichannel pipette. Solvent B (20 ul) was transferred to all evotips
and placed in a centrifuge at 700 x g for 60 secs. The evotip adaptor rack was then placed on
the MTP containing 1-propanol and soaked for 10 secs until the tips were pale white. Solvent
A (20 ul) was transferred to each evotip and centrifuged at 700 x g for 60 secs. The samples
(20 pl) were then added to each evotip centrifuged at 700 x g for 60 secs. Following sample
loading, 20 pl of solvent A was added to each evotip and centrifuged at 700 x g for 60 secs.
Lastly, 100 pl of solvent A was transferred to each evotip and centrifuged at 700 x g for 10

secs to keep the tips wet until MS analysis.

Analysis was conducted on the Evosep One LC system (Evosep Biosystems, Denmark)
coupled to an AB Sciex 6600 TripleTOF mass spectrometer (MS) (Sciex). The online de-
salting of peptides was conducted using a 60 samples per day Evosep (Evosep Biosystems)
with a gradient length of 21 mins. The 6600 TripleTOF MS was operated in data-independent
acquisition mode. SWATH-MS consisted of the acquisition of 60 MS2 scans of overlapping
sequential precursor isolation windows (1 m/z overlap, variable m/z isolation width, high

sensitivity mode) covering the mass range 400 to 900 m/z, and a single MS1 scan. For a total
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of 1 sec total cycle time, the accumulation time for the MS1 and MS2 scans was 100 ms and
15 ms, respectively.

2.8. Pathway analysis and network interaction

The pathway analysis of differentially expressed proteins was conducted on Reactome
version 82 (Croft et al., 2014). A cut-off value of 0.05 was used and the Benjamini-Hochberg
correction test was applied for the adjusted p-value. A gene ontology biological process
pathway analysis was also conducted on ShinyGO version 0.77 (Ge et al., 2020) at a false
discovery rate (FDR) cut-off of 0.05. To show network interaction between the dysregulated
proteins, the StringApp within Cytoscape version 3.9.1 (Doncheva et al., 2019, Shannon et
al., 2003) was used with a confidence score of 0.7 as cut-off.

2.9. Statistical analysis

The distribution of the data was determined using the Shapiro-Wilks test. For the normally
distributed data, with only two groups an unpaired t-test was used while for more than two
groups a one-way ANOVA and posthoc analysis using Tukey's multiple comparison test was
performed. The Kruskal-Wallis test was used for the analysis of non-parametric data. A p-
value of < 0.05 was considered statistically significant and analysis was performed using
GraphPad Prism version 8.3.0. The pilot data acquired from Spectronaut version 14 was
transformed (log2) in Perseus version 2.0.7.0 and a student's t-test was conducted to
determine differentially expressed proteins between groups (chronic pancreatitis vs PDAC,
PDAC vs healthy) at an FDR of 0.05 and SO of 0.1. A power analysis was conducted using
MSstats version 4.4.1 at a desired fold change of ¢ (2,8), FDR = 0.01 and the number of

samples = 6.
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CHAPTER 3

RESULTS

The purpose of this study was to develop a standard operating procedure (SOP) for plasma
proteomics LC-MS analysis that can be applied in-house or externally and is also adaptable
for large study cohorts. A total of four experiments were conducted to optimise the sample
preparation workflow that can be applied for screening plasma proteins. A mastermix
containing 27 PDAC samples was used for the method optimization and 18 individual
samples (6 PDAC, 6 CP, and 6 healthy) were used for the pilot study.

e Experiment 1 evaluated plasma sample dilution and precipitation methods (25X 50
mM Tris-HCI, 2% SDS pH 8 vs 5X 50 mM TEAB, 2% SDS vs 80% and 100%
acetone precipitation).

e In experiment 2, the selected dilution methods and sample clean-up and digestion
methods (HILIC vs PAC) were evaluated (25X 50 mM Tris-HCI with HILIC vs 25X
50 mM Tris-HCI with PAC vs 25X 50 mM TEAB, 2% SDS with HILIC).

e Experiment 3 evaluated digestion conditions (25X 50 mM Tris-HCI with 4 hrs HILIC
vs 16 hrs HILIC)

e Experiment 4 continued to evaluate digestion time together with digestion efficiency
using two digestion enzymes: Trypsin and LysC (25x 50 mM Tris-HCI, 4 hrs HILIC
with trypsin vs 16 hrs HILIC with trypsin vs 4 hrs HILIC with trypsin+lysC vs 16 hrs
HILIC with trypsin+lysC vs 2 hrs HILIC with trypsin+lysC).

Section 1: Method optimization
3.1. Assessment of the dynamic range of study samples.

Plasma samples are highly complex and contain high abundant proteins that may mask the

identification of low abundant proteins.

To view the dynamic range of plasma proteins, a study-specific sample pool was resolved
using SDS-PAGE. From the gel the most abundant proteins were highlighted (e.g., albumin
that migrated to approximately 66.5 kDa) (Figure 3.1). In an attempt to better detect low
abundant proteins, the top 2 proteins (albumin and 1gG) and top 12 proteins (albumin, 1gG,

al-antitrypsin, a2-macroglobulin, apolipoprotein A-1, apolipoprotein A-Il, fibrinogen,
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haptoglobin, IgA, IgM, transferrin, and al-acid glycoprotein) were depleted using two
depletion kits (Pierce Albumin/lgG Removal kit and Pierce Top 12 Abundant Protein
Depletion Spin Columns). Proteins were depleted as seen by the decrease in band
intensity/thickness from crude plasma (Mix N) to the depleted plasma. The depleted samples
have more defined bands near the molecular weights of the highly abundant proteins (Figure
3.2). Alternatively, fractionation was conducted on plasma samples using strong anion
exchange (SAX) beads to separate the samples into fractions using increasing sodium
chloride concentration for elution (Figure 3.3). Some fractions showed the removal of highly
abundant proteins (lanes: 2, 5, 6, 7. 8. 9, 10 and, 11).

MW Plasma
190 kDa .~‘
115 kDa
80 kDa —» Transferrin
70 kDa - ——— Albumin
al-antitrypsin
50 kDa Immunoglobulin heavy chain
30kDa lobulin light ch
—— > Immunoglobulin light chain
25 kDa u
———— Apolipoprotein A-2
15 kDa
10 kDa

Figure 3. 1. Visualization of plasma dynamic range on SDS-PAGE. Gel depicting the high complexity of
plasma samples relayed by the thickness and intensity of the bands. MW: molecular weight marker, lane 1:
crude plasma sample. Some of the highly abundant proteins are depicted including Transferrin (MW: ~80 kDa),
Albumin (MW: ~66.5 kDa), Immunoglobulin heavy chain (MW: ~50 kDa), a-1 antitrypsin (MW: ~52 kDa),
Immunoglobulin light chain (MW: ~25 kDa) and Apolipoprotein A-2 (MW: ~17 kDa). kDa), a-1 antitrypsin
(MW: ~52 kDa), Immunoglobulin light chain (MW: ~25 kDa) and Apolipoprotein A-2 (MW: ~17 kDa).
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Figure 3. 2. Depleted plasma samples analyzed via SDS-PAGE. The gel on the left shows the Pierce
Albumin/lgG Removal (Top 2 depletion)- lane 1: molecular weight marker, lane 2 (Mix N): crude plasma, lane
3: depleted sample 1, lane 4: wash 1, lane 5: depleted sample 2, lane 6: wash 2., and the gel on the right shows
the Pierce Top 12 Abundant Protein Depletion (Top 12 depletion)- lane 1: molecular weight marker, lane 2:

crude plasma, lane 3: depleted sample 1, lane 4: depleted sample 2.
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Figure 3. 3. Sample fractionation by SAX analyzed on SDS-PAGE. Plasma sample 1 with starting
concentration of 0.25 mg (lane 2-7) was fractionated by increasing sodium chloride concentration: 1. Molecular
weight marker 2. 50 mM, 3. 100 mM, 4. 200 mM, 5. 300 mM, 6. 400 mM and 7. 2M. Plasma sample 2 with
starting concentration of 0.5 mg (lane 8-13) was fractionated by increasing sodium chloride concentration: 8. 50
mM, 9. 100 mM, 10. 200 mM, 11. 300 mM, 12. 400 mM and 13. 2 M.
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3.2. Spectral library building

The library was built in-house using LC-MS data generated from depletion and fractionation
experiments. The depletion experiment involved the use of top 2 and top 12 depletion Kits
(Figure 3.4). There was a significant difference in the identified peptides (P < 0.0001) and
protein groups (P < 0.0001) between the top 2 and top 12 depletion. The fractionation
experiments involved the elution of proteins that were bound to SAX beads using increasing
concentrations of NaCl (Figure 3.5). Both the SAX individual fractions and depleted samples
were subjected to reduction and alkylation, HILIC clean-up and subsequently LC-MS
analysis. The results from the individual experiments were evaluated and then combined to
form the spectral library. The spectral library identified 3 993 peptides matching 280 protein
groups and 310 proteins (Table 3.1). The SAX plasma samples were fractionated at the

protein level.
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Figure 3. 4. Bar graphs of identified peptides and protein groups from depletion methods. The bar graph
shows the number of identified peptides (left) and protein groups (right) from the Top 2 and Top 12 depletion
kits. The unpaired t-test was used to compare the different methods and a p-value of < 0.05 was considered

statistically significant. **** denotes P < 0.0001.
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Figure 3. 5. Bar graph of identified peptides and protein groups from SAX fractionation. The bar graph
shows the number of identified peptides (left) and protein groups (right) using fractionation by increasing
sodium chloride concentration. The concentrations include 50mM (SAX50), 100 mM (SAX100), 200 mM
(SAX200), 250 mM (SAX250), 300 mM (SAX300), 350 mM (SAX350), 400 mM (SAX400) and 2M
(SAX2M) respectively.

Table 3. 1. Overview of parameters for the generated spectral library.

SAX50 SAX100 SAX200 SAX250 SAX300 SAX350 SAX400 SAXZM

Parameter Spectral library identifications
Peptides 3993

Protein groups 280

Proteins 310

3.3. Experiment 1: Evaluation of plasma protein preparation methods

In experiment 1, precipitation methods were compared (80% and 100% acetone precipitation)
with dilution methods (25X 50mM Tris-HCI, 2% SDS pH 8 and 5X 50mM TEAB). Each

method consisted of four technical replicates and was repeated over two different days.

The total ion chromatograms (TICs) for the different methods in each experiment were
evaluated in PeakView to assess the range of total signal across sample replicates and
determine if the signal correlates with the amount of peptide loaded (Figures S1-S4). It
provides valuable information about the distribution and abundance of ions present in a

sample.

All samples were successfully loaded for MS analysis, and none showed under/overloading
therefore the data were further analyzed on the Spectronaut 14 software where the data was
normalized using global normalization (median) following data extraction. Boxplots of

responses (total signal) for each of the individual runs before and after normalization are
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shown in Figure 3.6. The objective of normalization was to enhance the comparability of data
samples and ensure reliable results for downstream analysis by reducing errors and
accounting for biases. This was accomplished by calculating the median intensity of each ion
across all runs and determining the multiplication factor for each ion. This scaling technique
allowed for the effective comparison of ion intensities.

Original Resgonse Nomaized Response = 100%Act, ppt

T T T T T T T T T T T T T T T = 0% Act, ppt
= 25x Tris-HCI
m 5xTEAB

Log 1o (Respense )

Logi® (Response)

IR R
I

Figure 3. 6. Normalization plot for experiment 1. Box plots showing the normal response (signal response
before normalization) of all precursor responses for each run (left) and the normalization of the same precursor
responses for each run (right). Each method had 4 technical replicates and was conducted over two different
days. Sample 2_80Act_A (80% acetone_day1) was an outlier and was removed.

The coefficient of variation (CV) measures any variation introduced between the two
different days (inter-day variation) and across all replicates for both days and aids in
determining if each method is reproducible. For the inter-day comparison (Figure 3.7), all
methods show median CVs at the peptide level ranging from 15%-33% and for the intra-day
comparison, all methods ranged from 23%-32% median CV (Figure 3.8).
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Figure 3. 7. Box plot indicating inter-day variability per condition over 2 days (A and B) in experiment 1.
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The box plot shows the median % CV of each plasma preparation condition over 2 days (A and B) in
experiment 1. All methods range from 15%-33% variation. 100Act_A: 100% acetone precipitation_day 1,
100Act_B: 100% acetone precipitation_day 2, 25X_A: 25X 50 mM Tris-HCI, 2% SDS dilution_day 1, 25X _B:
25X 50 mM Tris-HCI, 2% SDS dilution_day 2, TEAB_A: 5X 50 mM TEAB, 2% dilution_day 1, and TEAB_B:
5X 50 mM TEAB, 2% dilution_day 2.
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Figure 3. 8. Box plot indicating variability across all replicates per condition in experiment 1. The box plot
shows the median % CV of each plasma preparation condition in experiment 1. All methods range from 23%-
32% variation. 100Act: 100% acetone precipitation, 25X: 25X 50 mM Tris-HCI, 2% SDS dilution, 80Act: 80%
acetone precipitation, and TEAB: 5X 50 Mm TEAB, 2% SDS dilution.

Evaluation of peptides and protein groups between the different experimental methods
revealed there was a significant difference in the number of identified peptides between 25X
Tris and 5X TEAB (P = 0.0007) dilution methods and between 80Act and 5X TEAB (P =
0.0220). For protein groups, there was a significant difference between the 25X Tris and 5X
TEAB (P = 0.0264) dilution methods (Figure 3.9).
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Figure 3. 9. Bar graph of identified peptides and protein groups from experiment 1. The bar graph shows
the number of identified peptides (left) and protein groups (right), under the following conditions: 100%
(100Act) and 80% (80Act) acetone precipitation, 25x Tris-HCI dilution (25X Tris) as well as a 5x TEAB
dilution (5X TEAB), over 2 days (A and B). Sample 2_80Act_A was an outlier and was removed. The Kruskal-
Wallis and Dunn’s multiple comparison tests were used to compare the different methods and a p-value of <
0.05 was considered statistically significant. * denotes p < 0.05, *** denotes p < 0.001.

3.4. Experiment 2: evaluation of selected protein preparation methods and sample
clean-up methods.

Selected protein dilution methods from experiment 1 and sample clean-up and digestion
methods (HILIC vs PAC) were evaluated and compared. The methods included 25X 50mM
Tris-HCI with HILIC (Tris_HILIC), 25X 50mM Tris-HCI with PAC (Tris_PAC), and 25X
50mM TEAB, 2% SDS with HILIC (TEAB_HILIC). The selected methods were more
reproducible, identified a higher number of peptides and are easier to automate. The dilution
factor for TEAB buffer was increased from 5-fold to 25-fold to possibly improve protein

coverage.

The total ion chromatograms (TICs) for the different methods were observed (Appendix,
Figures S5-S6) and indicated no sample loading bias. The data was normalized in

Spectronaut (Figure S7). Inter-day variation was observed where the median CVs between
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the different days ranged from 16%-25% (Figure 3.10) and median CVs between the sample
replicates ranged from 23%-29% (Figure 3.11).

There was a significant difference in the number of identified peptides between
TEAB_HILIC and Tris_PAC (P = 0.0008) and between Tris_HILIC and Tris PAC (P =
0.0439), but no significant difference in the protein groups (Figure 3.12).

% CV per condition
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Figure 3. 10. Box plot indicating inter-day variability per condition over 2 days (A and B) in experiment
2. The box plot shows the median % CV of each condition and sample clean-up method over 2 days (A and B).
the variation percentage between the different days in this experiment ranged from 16%-25%.TEAB_H_A: 25X
TEAB_HILIC day 1, TEAB_H_B: 25X TEAB_HILIC day 2, Tris_H_A: 25X Tris_HILIC_day 1, Tris_ H_B:
25X Tris_HILIC day 2, Tris P_A: 25X Tris_PAC day 1, Tris_ P_B: 25X Tris_PAC_day 2.
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Figure 3. 11. Box plot indicating variability across all replicates per condition in experiment 2. The box
plot shows the median % CV of each condition and sample clean-up method. All methods showed low intra-day
variation, with % CVs ranging from 23%-29%. TEAB_H: 25X TEAB_HILIC, Tris_H: 25X Tris HILIC,
Tris_P: 25X Tris_PAC.
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Figure 3. 12. Bar graph of identified peptides and protein groups from experiment 2. The bar graph shows
the number of identified peptides (left) and protein groups (right), under the following conditions: 25x TEAB
dilution with HILIC sample clean-up, 25x Tris-HCI dilution with HILIC and PAC sample clean-up, over 2 days
(A and B). The one-way ANOVA and Tukey’s multiple comparison posthoc test were used to compare the
different methods and a p-value of < 0.05 was considered statistically significant. * denotes p < 0.05 and ***
denotes p < 0.001.

3.5. Experiment 3: Evaluation of digestion conditions (time)

The HILIC clean-up method was re-evaluated. A 4 hrs HILIC digestion was compared to an
overnight (16 hrs) HILIC digestion with trypsin. The digested time was extended to improve

protein coverage.

The total ion chromatograms (TICs) for the different methods were assessed (Figures S10-
S11), thereafter the data was normalized (Figure S12) before downstream analysis. Inter-day
variation was observed where the median CV between the different days ranged from 15%-
31% (Figure 3.13) and the median CV between the sample replicates ranged from 34%-36%
(Figure 3.14).

Following the evaluation of peptide and protein group identification, there was a significant
difference in the peptides identified (P = 0.0216), but no significant difference in protein
group identifications between the 4 hrs and 16 hrs (O/N) digestions (Figure 3.15).
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Figure 3. 13. Box plot indicating inter-day variability per condition over 2 days (A and B) in experiment
3. The box plot shows the median % CV of the overnight and 4-hour digestion condition and sample clean-up
method over 2 days (A and B). In experiment 3, the variation between the different days ranges from 14%-31%.
Overnight_A: 16 hrs HILC digestion day 1, Overnight_B: 16 hrs HILC digestion day 2, 4hours_A: 4 hrs HILIC
digestion day 1, 4hours_B: 4 hrs HILIC digestion day 2.
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Figure 3. 14. Box plot indicating intra-day variability per condition in experiment 3. The box plot shows
the median % CV of the 16 hrs (overnight) and 4 hrs (4 hours) HILIC digestion condition and sample clean-up.
Both methods had slightly similar inter-day %CVs.
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Figure 3. 15. Bar graph of identified peptides and protein groups from experiment 3. The bar graph shows
the number of identified peptides, under the following conditions: 4-hrs digestion (left) and 16 hrs (O/N)
digestion (right) at 47 °C, over 2 days (A and B). The unpaired t-test was used to compare the different methods

and a p-value of < 0.05 was considered statistically significant. * denotes p < 0.05.

3.6. Experiment 4: Evaluation of digestion condition and enzyme efficiency

Digestion time was further evaluated and compared together with digestion efficiency using
two digestion enzymes (Trypsin and LysC), the methods compared included 4 hrs HILIC
with trypsin, 16 hrs HILIC with trypsin, 4 hrs HILIC with trypsin+lysC, 16 hrs HILIC with
trypsin+lysC, and 2 hrs HILIC with trypsin+lysC.

The TICs (Figures S15-S19) were assessed and showed no sample loading bias. The data was
normalized (Figure S20) before downstream analysis. Inter-day variation was observed where
the median CV between the different days ranged from 15%-31% (Figure 3.16) and the
median CV between the sample replicates ranged from 34%-36% (Figure 3.17).

There was a significant difference in the number of peptides in the following comparison:
Trp_4h and Trp_ON (P = 0.0034), Trp_4h and Trp+LysC_ON (P < 0.0001), Trp+LysC 4h
and Trp+LysC_ON (P = 0.0002), Trp_LysC 2h and Trp_ON (P = 0.0025), Trp+LysC_2h
and Trp+LysC_ON (P < 0.0001), Trp_ON and Trp_LysC ON (P = 0.0309). The protein
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groups showed a significant difference only between the methods Trp_4h and Trp+LysC_ON
(P =0.0029) (Figure 3.18).

% CV

90
80
70
60
50
40
30
20
10

% CV per condition

M Tp 4h A M Trp 4h B B tmply2h A ETrply2h B M Trp Ly 4h A

B Tplysh B ETrp ly ONA MTrp lyoNB B TrpONA [ Trp ON_B

~23 77

~21 ~20 ~19

Condition

Figure 3. 16. Box plot indicating inter-day variability per condition over 2 days (A and B) in experiment
4. The box plot shows the median % CV of digestion condition over 2 days (A and B). The % CV between the
two different days in this experiment ranges from 14%-27%. Trp_4h_A: 4 hrs HILIC digest with trypsin day 1,
Trp_4h_B: 4 hrs HILIC digest with trypsin day 2, Trp_Ly 2h_A: 2 hrs HILIC digest with trypsin+LysC day 1,
Trp_Ly 2h B: 2 hrs HILIC digest with trypsin+tLysC day 2, Trp_Ly 4h_A: 4 hrs HILIC digest with
trypsin+LysC day 1, Trp_Ly 4h_B: 4 hrs HILIC digest with trypsin+LysC day 2, Trp_Ly ON_A: 16 hrs HILIC
digest with trypsin+LysC day 1, Trp_Ly ON_B: 16 hrs HILIC digest with trypsin+LysC day 2, Trp_ON_A: 16
hrs HILIC digest with trypsin day 1, Trp_ON_B: 16 hrs HILIC digest with trypsin day 2.
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Figure 3. 17. Box plot indicating intra-day variability per condition in experiment 4. The box plot shows
the median % CV of each digestion condition in experiment 4. All the different conditions in this experiment
show slightly similar %CVs ranging from 24%-30%. Trp_4h: 4 hrs HILIC digest with trypsin, Trp_Ly 2h: 2 hrs
HILIC digest with trypsin+LysC, Trp_Ly 4h: 4 hrs HILIC digest with trypsin+LysC, Trp_Ly ON: 16 hrs
HILIC digest with trypsin+LysC, Trp_ON: 16 hrs HILIC digest with trypsin.
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Figure 3. 18. Bar graph of identified peptides and protein groups from experiment 4. The bar graph shows
the number of identified peptides (left) and protein groups (right) under the following conditions: 4 hrs tryptic
digestion (Trp_4h), 2 hrs tryptic and LysC digestion (Trp+LysC 2h), 4 hrs tryptic and LysC digestion
(Trp+LysC_4h), as well as a 16 hrs tryptic and LysC digestion (Trp+LysC_ON) and a 16 hrs tryptic digestion
(Trp_ON) at 47 °C, over 2 days (A and B). Sample 1_Trp_Ly 4h B was an outlier and was removed. The one-
way ANOVA and Tukey’s multiple comparison posthoc test were used to compare the different methods and a
p-value of < 0.05 was considered statistically significant. *, **, *** and **** denotes p < 0.05, p < 0.01, p <
0.001, and p < 0.0001 respectively.
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3.7. Final standard operating procedure

Blood samples are collected from patients, and plasma preparation is conducted from the
blood samples. The plasma is diluted 25-fold with 50 mM Tris-HCI, 2% SDS pH 8. The
plasma proteins are subjected to reduction with DTT at 60 °C and alkylated with IAA for 30
mins, purified of detergent and salts and then digested for 2 hrs at 47 °C with trypsin and
LysC using the HILIC method. The resultant peptides are then analyzed via LC-MS analysis
and the data is processed in the Spectronaut 14 software and further processed in the Perseus

software. The full SOP can be found in the appendix 1.

Blood collection Sample preparation Protein dilution Reduction and alkylation
{blood to plasma) (3{25 with Tris-HCl) u\
) ® Py | orr 60°C
3 s '
Plasma '. . - . ' - . i {
. Nt _ﬂ._; “.; — TG

Buffy coat ) ] N
L] contaminants [ .prolcms & e

LC-MS analysis HILIC clean-up and digest

Spectronaut
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0’~. ) L D‘ Qé ,Cytoscape

Data analysis

Figure 3. 19. Final standardized workflow. The final standard operating procedure includes the collection of
blood samples from PDAC patients. The blood samples are then prepared to make plasma samples, and from the
plasma samples proteins are extracted and subjected to reduction and alkylation. Thereafter the samples are
cleaned up and digested using the automated HILI1C method. Peptides are then analyzed via LC-MS and the data

is processed using Spectronaut, Perseus and Cytoscape.
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Section 2: Pilot study

3.8. Proteome profiling of plasma samples

The final standardized workflow was applied to a pilot study. The main aim of the pilot study
was to evaluate the optimized preparation and digestion methods and determine their utility
in profiling plasma proteins and identify key targets that are associated with PDAC. Before
conducting the pilot study, a power analysis was conducted to aid in determining the power
and fold change cut-off for a minimum of 6 samples (Table S3). Six samples per group were
analyzed because that was the limited number of control samples that had been collected
when the study was conducted. A second power analysis was conducted for future reference
to determine the minimum number of samples and fold change cut-off that would be required
for a power of 0.9 (Table S4). However, because this was a pilot study, only 18 patients (6
healthy individuals, 6 chronic pancreatitis and 6 PDAC patients) were evaluated.

Raw SWATH (.wiff) data files were extracted in Spectronaut 14 software and matched to the
in-house generated spectral library. The t-test data (healthy vs PDAC and PDAC vs CP)
generated were plotted as volcano plots on Perseus v2.0.7.0. Comparing PDAC to healthy
patients, 25 proteins (Table 3.2) were found to be differentially expressed (22 downregulated
and 3 upregulated). The top 3 (in abundance) upregulated proteins included Transthyretin,
apolipoprotein A4 and tetranectin. The top 3 (in abundance) downregulated proteins included
Haptoglobin-related protein, Complement C1q A chain, and Immunoglobulin heavy constant
alpha 2 (Figure 3.20A; Table 3.2). The dysregulated proteins are further depicted in a table

with respective cancer prognostic biomarker status and expression pattern (Table 3.2).

A total of two proteins (Afamin and Immunoglobulin heavy variable 3-43) were

downregulated in comparing PDAC to CP patients (Figure 3.20B).

Table 3. 2. differentially expressed proteins measured in group comparisons (healthy

patients versus patients with PDAC).

Unit accession Protein description Cancer prognostic biomarker status | -log p Expression
no. pattern
P00739 Haptoglobin-related Not prognostic 3.26 Downregulated
protein
P00751 Complement factor B Prognostic marker in renal cancer | 2.84 Downregulated
(unfavourable), breast cancer
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(favourable)

P01009 Serpin  family A | Prognostic marker in breast cancer | 2.30 Downregulated
member 1 (unfavourable) and colorectal cancer
(favourable)
P01011 Serpin ~ family A | Prognostic marker in breast cancer | 4.91 Downregulated
member 3 (favourable)
P01019 Angiotensinogen Not prognostic 2.62 Downregulated
P01024 Complement C3 Prognostic marker in renal cancer | 2.98 Downregulated
(unfavourable) and liver cancer
(favourable)
P01701 Immunoglobulin Prognostic marker in renal cancer | 1.84 Downregulated
lambda variable 1-51 (unfavourable), head and neck cancer
(favourable), breast cancer
(favourable)
P01877 Immunoglobulin heavy | Prognostic marker in breast cancer | 2.03 Downregulated
constant alpha 2 (favourable), renal cancer
(unfavourable), head and neck cancer
(favourable)
P02745 Complement Clg A | Prognostic marker in renal cancer | 1.78 Downregulated
chain (unfavourable)
P02748 Complement C9 Not a prognostic marker 2.40 Downregulated
P02750 Leucine-rich alpha-2- | Prognostic marker in renal cancer | 2.48 Downregulated
glycoprotein 1 (unfavourable) and thyroid cancer
(favourable)
P02766 Transthyretin Not prognostic 2.07 Upregulated
P02774 GC vitamin D binding | Prognostic marker in renal cancer | 4.07 Downregulated
protein (unfavourable) and liver cancer
(favourable)
P03951 Coagulation factor XI Prognostic marker in liver cancer | 1.83 Downregulated
(favourable)
P05155 Serpin  family G | Prognostic marker in renal cancer | 3.21 Downregulated
member 1 (unfavourable), ovarian cancer
(favourable), colorectal cancer
(unfavourable)
P05452 C-type lectin domain | Prognostic marker in liver cancer | 2.61 Upregulated

family 3

(favourable), head and neck cancer
(favourable), pancreatic ~ cancer

(favourable)
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P05543 Serpin ~ family A | Not prognostic 2.16 Downregulated
member 7
P06727 Apolipoprotein A4 Not prognostic 2.43 Upregulated
P08185 Serpin ~ family A | Prognostic marker in endometrial | 2.26 Downregulated
member 6 cancer (favourable)
P08697 Serpin family F | Prognostic marker in liver cancer | 2.21 Downregulated
member 2 (favourable)
P10909 Clusterin Prognostic marker in thyroid cancer | 2.08 Downregulated
(favourable)
Q06033 Inter-alpha-trypsin Prognostic marker in renal cancer | 3.19 Downregulated
inhibitor heavy chain 3 | (unfavourable)
AOAOC4DH34 | Immunoglobulin heavy | Prognostic marker in renal cancer | 3.63 Downregulated
variable 4-28 (unfavourable), head and neck cancer
(favourable)
AOAOC4DH41 | Immunoglobulin heavy | Prognostic cancer in renal cancer | 2.75 Downregulated
variable 4-61 (unfavourable), head and neck
(favourable)
P01031 Complement C5 Prognostic marker in liver cancer | 3.91 Downregulated

(favourable)

all values were transformed at log2 (x) fold change. The cancer prognostic status of each protein was identified

on The Human Protein Atlas. Unfavourable: high expression of gene is unfavourable to the specific cancer and

favourable: high expression of gene is favourable to the specific cancer.
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Figure 3. 20. Volcano plots displaying dysregulated proteins between (A) PDAC and healthy patients and
(B) PDAC and CP patients. The volcano plot shows the comparison between healthy patients (Control_H) and
PDAC (A). The blue and red nodes (circles) display 22 downregulated and 3 upregulated proteins, respectively.
Comparison between CP (Control _P) and PDAC (B). The blue nodes display 2 downregulated proteins
(P43652-Afamin and AOA0B4J1X8-Immunoglobulin heavy variable 3-43). Proteins were visually represented
by fold change (difference) and significance (-log p) using a false discovery rate of 0,01 and sO of 0,1 using

Perseus software.

ShinyGO v0.76.3 and Reactome were used to identify pathways enriched by the proteins
dysregulated in PDAC patients compared to healthy patients. Some of these pathways are
associated with carcinogenesis including those related to the complement system, immune

response, platelet degranulation, and regulated exocytosis.
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Table 3. 3. The enriched pathways from the dysregulated proteins between the healthy
and PDAC patients.

Pathways Enrichment | Number of | Protein Pathway | Fold
FDR Genes from | names genes enrichment
the dataset
Complement 2.0E-09 6 C5, C9, CLU, | 51 149
activation, C3,
classical SERPING],
pathway C1QA
Humoral 4.1E-09 6 C5, C9, CLU, | 64 118.7
immune C3,
response SERPINGI,
mediated by C1QA
circulating
immunoglobulin
Platelet 7.5E-08 7 CLU, 137 55.5
degranulation SERPING1,
ITIH3,
CLEC3B,
SERPINAS,
SERPINA1
B cell-mediated | 1.1E-07 6 C5, C9, CLU, | 148 51.3
immunity C3,
SERPING1,
C10A
Negative 4.4E-09 8 C5, 273 37.1
regulation of SERPINA7,
endopeptidase C3, AGT,
activity SERPING1,
ITIH3,
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SERPINASZ,
SERPINA1

Regulated 5.3E-07 9 TTR, CLU, | 903 12.6
exocytosis Cs3,
SERPING1],
ITIH3,
CLEC3B,
LRG1,
SERPINASZ,
SERPINA1

Immune 4.6E-07 10 C5, C9, TTR, | 1245 10.2
effector process CLU, C3,
SERPING1],
C1QA,
LRG1,
SERPINAS,
SERPINA1

For a better understanding of the possible interactions of the identified differentially
expressed proteins, STRING was used to observe the functional and physical protein-protein
interaction networks (Figure 3.15). A high confidence level of 70% in STRING was used in
searching these interactions. The network analysis confirmed the pathway analysis whereby
some proteins were enriched in pathways linked to immune response, platelet degranulation
and the complement system. STRING software was unable to detect specific proteins such as
immunoglobulin  lambda variable 1-51, immunoglobulin heavy constant alpha 2,

immunoglobulin heavy variable 4-28, immunoglobulin heavy variable 4-61.
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comparing PDAC to healthy patients showing their functional and physical networks and the enriched pathways

they are involved in. The blue and red nodes (circles) represent downregulation and upregulation, respectively.

In a prior study wherein tissue samples from resectable African PDAC patients were profiled,
a total of 527 candidate dysregulated proteins were identified (Nweke et al., 2020). A Venn
diagram was conducted to determine if there was any overlap between all quantified proteins
found in this pilot study and dysregulated proteins observed in the tissue study, to determine
if tissue proteins could be secreted into plasma. A total of 42 dysregulated proteins found in

tissue were observed across all the plasma conditions (Healthy, CP, PDAC) (Figure 3.16).
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Unit accession number Protein description

P02656 Apolipoprotein C-III

P02675 Fibrinogen beta chain

P02647 Apolipoprotein A-I

P01023 Alpha-2-macroglobulin

P07225 Vitamin k-dependent protein S

CAH1 HUMAN Carbonic anhydrase I

P05160 Coagulation factor XIII B chain

P01011 Alpha-1-antichymotrypsin

P02042 Hemoglobin subunit delta

P23142 Fibulin 1

P04004 Vitronectin

P02654 Apolipoprotein C-I

P02655 Apolipoprotein C-II

P04114 Apolipoprotein B-100

P00739 Haptoglobin-related protein

P00734 Prothrombin

LYSC HUMAN Lysozyme C

P02775 Platelet basic protein

P02649 Apolipoprotein E

P02671 Fibrinogen alpha chain

P35908 Keratin, tvpe II cytoskeletal 2 epidermal
> PODJIS Serum amyloid A-1 protein

075636 Ficolin-3

P01602 Immunoglobulin kappa variable 1-5

P04003 C4b-binding protein alpha chain

014791 Apolipoprotein L1

P02652 Apolipoprotein A-II

095445 Apolipoprotein M

P27169 Serum paraoxonase/arylesterase 1

P02776 Platelet factor 4

P00742 Coagulation factor X

P06702 Protein S100-A9

P10909 Clusterin

P08697 Alpha-2-antiplasmin

P00747 Plasminogen

P22792 Carboxypeptidase N subunit 2

Q14624 Inter-alpha-trypsin inhibitor heavy chain H4

P02679 Fibrinogen gamma chain

P35542 Serum amyloid A-4 protein

P55056 Apolipoprotein C-IV

P05546 Heparin cofactor 2

P80108 Phosphatidylinositol-glycan-specific

phospholipase D

Figure 3. 22. Venn diagram and table of candidate proteins from tissue and plasma study. The Venn

diagram (left) shows the number of candidate proteins identified in healthy plasma, PDAC plasma, CP plasma

and tissue plasma. The table (right) shows the 42 similar proteins found in both the plasma and tissue studies.

The plasma pilot consists of all candidate proteins and the tissue study consists of dysregulated proteins.
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CHAPTER 4

DISCUSSION

The lack of optimization of methods for sample process and downstream analysis can limit
the discovery of biomarkers for PDAC. In this study, an optimal preparation and digestion
method was determined, and its utility was demonstrated in profiling and identifying
differentially expressed proteins in PDAC plasma from patients of African ancestry. The
identified proteins were also shown to be involved in pathways that are linked to

carcinogenesis.

Section 1: Method optimization
4.1. Plasma contains highly abundant proteins

The SDS-PAGE (Figure 3.1) conducted on a study-specific sample pool revealed some of the
well- known high abundance proteins in plasma (albumin, transferrin, o-1 antitrypsin,
immunoglobulin heavy and light chain and apolipoprotein A-2) (Nanjappa et al., 2014).
These highly abundant proteins tend to mask the low abundant proteins, which could lead to
them being undetected. The low-abundant proteins are potentially key targets for the
diagnosis of diseases including PDAC. The top 12 abundant proteins in plasma include
albumin, Immunoglobulin G (IgG), al-antitrypsin, a2-macroglobulin, apolipoprotein A-I,
apolipoprotein A-I11, fibrinogen, haptoglobin, IgA, 1gM, al-acid glycoprotein and transferrin
(Table 4.1) and may comprise up to 99% of total protein abundance (Nanjappa et al., 2014).
Albumin is synthesized by the liver and translated from a single gene into preproalbumin in
hepatocytes (van de Wouw and Joles, 2022). However, little aloumin is stored in the liver as
most of it is rapidly distributed through the body (Jagdish et al., 2021) and is therefore
required in high amounts in the body. Low levels of this protein may be indicative of diseases

of the liver and kidney, infections, malnutrition, and cancer (Sheinenzon et al., 2021).

IgG is an antibody that provides immunity against pathogens by enhancing phagocytosis,
neutralizing viral/bacterial toxins and activating the complement system (Megha and
Mohanan, 2021). Immunoglobulin A (IgA) prevents the colonization and growth of bacteria

(Sathe and Cusick, 2021). al-antitrypsin protects the lungs from proteolytic damage by
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hindering neutrophil elastase activity (Abdulkarim and Craig, 2018). Apolipoprotein A-l is
responsible for cellular cholesterol (Mangaraj et al., 2016), while apolipoprotein A-Il plays
an important role in high-density lipoprotein particle synthesis (Xepapadaki et al., 2019).

Transferrin plays a role in the transportation of iron through the blood to the spleen, bone
marrow and liver (Ogun and Adeyinka, 2021). Haptoglobin prevents renal damage and iron
loss by binding haemoglobin (Wassell, 2000, Liz et al., 2020). Fibrinogen serves as a
substrate for three primary enzymes: plasmin, thrombin and factor XIIIA. Through its
multiple functional interactions, fibrinogen is involved in the process of homeostasis and aids
in facilitating platelet regulation (Kaur et al., 2021). Alpha-2-macroglobulin (a2M) acts as a
protective shield against pathogens in the blood and tissues of vertebrates by binding to both
host and foreign particles and peptides (Borth, 1992). The primary role of al-acid
glycoprotein is to regulate the immune system by modulating cytokine secretion (Ruiz,
2021). However, because of these proteins' high abundance in the plasma, it is difficult to
determine the difference between the diseased and healthy, making them unreliable
diagnostic markers for PDAC.

Due to the high dynamic range of plasma samples, there was a need to deplete some of the
highly abundant proteins and ultimately improve plasma proteome coverage. This would
allow for an increased chance of identifying and quantifying key targets involved in PDAC.
Protein depletion was conducted using 2 depletion Kits (Pierce Albumin/IgG Removal kit and
Pierce Top 12 Abundant Protein Depletion Spin Columns). After depletion, the proteins were
visualized using SDS-PAGE (Figure 3.2). Alternative to protein depletion, protein level
fractionation was also conducted using the strong anion exchange (SAX) method and some of
the lanes (2, 3, 5, 6, 8, 9, 10, 11) showed the depletion of high abundant proteins (Figure 3.3).

Table 4.1. Top 12 abundant proteins and their amounts in blood plasma.

Protein Relative protein amount in plasma (%)
Albumin 50-60

IgG 10-20

IgA 10-15

IgM 5-10

Fibrinogen 4

A2-macroglobulin 3-5

Al-antitrypsin 0.5-1.5

Apolipoprotein A-I 10-20

Apolipoprotein A-11 20-25
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Haptoglobin 0.2-0.5

Al-acid glycoprotein 1-3

Transferrin 30-40

4.2. Spectral library building: Depletion and fractionation of abundant proteins

The depletion and fractionation methods were performed to reduce highly abundant proteins.
The resultant eluates/fractions were further subjected to reduction and alkylation, hydrophilic
interaction liquid chromatography (HILIC) clean-up and digestion, and mass spectrometry
analysis. The resulting data from both methods were combined to build a spectral library
consisting of 3993 peptides and 280 protein groups (Table 3.1). For data-independent
analysis, obtaining a suitable spectral library for the identification and quantification of
peptides is one of the most important requisites for protein identification (Barkovits et al.,
2020). Spectral libraries are a compilation of known compound reference spectra that have
been formerly observed (Wang, 2017). Additionally, the use of an in-house generated library
allowed for better ion pattern matching and retention time alignment, which assures increased
peptide identification due to instrument and sample specificity (Govaert et al., 2017). The
value of a spectral library is generally evaluated based on the library size (Barkovits et al.,
2020).

A surplus of highly abundant peptides limits the measurable dynamic range during mass
spectrometry analysis, reduces chromatographic resolution and causes identification bias to
highly abundant proteins in shotgun proteomics (Fonslow et al., 2013). Affinity depletion and
pre-fractionation of proteins/peptides are common ways to address this (Fonslow et al.,
2013). Affinity depletion specifically captures target proteins using immobilized antibodies
or other molecules (for example cibacron blue and protein A/G) with increased specificity

and affinity for the targets (Jankovska et al., 2019).

Two depletion Kits were used and the unpaired t-test comparing the top 2 and top 12 methods,
displayed a significant difference in the number of peptides (P < 0.0001) and protein groups
(P < 0.0001) identified by the two methods (Figure 3.4). The top 12 depletion identified a
higher number of peptides (mean: 3050) and protein groups (mean: 245) meaning the method
removed more highly-abundant proteins compared to the top 2 depletion (peptide mean:
1529, protein group mean: 200). This is further corroborated by a study conducted by Pisanu

et al. (2018), comparing seven commercial products for depleting proteins in human serum.
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The top 2 and top 12 depletion spin columns identified the highest number of peptides
compared to other products, obtaining 40.7% and 60.8% more peptides than untreated serum
respectively (Pisanu et al., 2018). The Pierce™ Albumin/lgG Removal kit and the Pierce™
Top 12 Abundant Protein Depletion spin columns contained a resin with highly specific
immobilized antibodies for the removal of proteins. Both methods can remove up to 95% of
the respective high abundant proteins. However, the depletion of highly abundant proteins
may also remove low- abundant proteins of interest (Lee et al., 2014). The difference in
performance between the two depletion methods may be due to binding capacity. The top 2
depletion method is designed to only deplete the two most abundant proteins, while the top
12 depletion method targets a broader range of abundant proteins. The complexity of the
sample being processed can impact the performance of the columns. If the sample contains a
high number of different abundant molecules, the top 12 depletion spin column, with a
broader specificity, may be more effective in depleting a larger number of targets

The plasma samples were fractionated at the protein level by increasing NaCl concentration.
The SAX method independently identified an average of 1657 peptides and an average of 172
protein groups (Figure 3.5). The results from each fraction were combined with the results
from the depleted and non-depleted plasma samples, to enhance the spectral library. Sodium
chloride is commonly utilized as a mild eluent for protein separation since it does not
significantly impact the structure of proteins, making it the most extensively used option
(Acikara, 2013). SAX enables the capture, purification, and recovery of plasma proteins by
utilizing the differences in net charge to reversibly adsorb oppositely charged molecules. A
salt gradient was utilized to displace the bound analytes on the column surface as the ions in
the elution buffer compete for the charged sites. Lower surface charge density analytes are
eluted at lower salt concentrations, whereas higher surface charge density analytes are eluted

as the salt concentration is increased (Kailasam).

4.3. Plasma sample preparation for protein analysis

Two methods were compared and evaluated including protein dilution (using Tris-HCI with
2% SDS, and TEAB, 2% SDS buffer) and acetone precipitation (100% acetone and 80%
acetone). Before downstream analysis, the total ion chromatograms (TICs) (Figure S1-S4)
were evaluated and thereafter the data was normalized (Figure 3.6). TICs were evaluated to
determine the total signal range across different samples and replicates. This evaluation was

conducted to establish if there was a correlation between the signal and the number of loaded
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peptides. The samples showed no over/underloading by observing the overlay of the replicate
signals. The use of TICs provided significant benefits in data processing, as it eliminated the
need for time-consuming compound identification and the use of complex libraries or
standards. Moreover, TIC analysis does not require specialized knowledge from an analyst
(Barea-Sepulveda et al., 2022). The significant advantage of this approach was that samples
with lower ion intensities could still be included in statistical tests without being identified as
outliers, ensuring their fair consideration (O'Rourke et al., 2019).

Acetone precipitation is commonly used for the concentration and precipitation of proteins
(Damerval et al., 1986). Acetone precipitation minimizes protein degradation, protease
activity and reduction of contaminants in samples (Shaw and Riederer, 2003). There was a
significant difference in the peptide identifications between the Tris-HCI with 2% SDS and
TEAB with 2% SDS (P = 0.0007) and between 80% acetone precipitation and TEAB with
2% SDS (P = 0.0220) dilution methods (Figure 3.9). For the protein groups, a significant
difference was observed between the Tris-HCI with 2% SDS and TEAB, 2% SDS (P =
0.0264) (Figure 3.9). However, all the dilution methods used identified similar numbers of
peptide and protein groups. Due to the sample replicates being processed over two different
days, it was important to observe CVs to determine the reproducibility of the methods. The
100% and 80% acetone precipitation yielded higher median CVs (32% and 25% respectively)
across its replicates compared to the dilution methods (Figure 3.8). The acetone precipitation

methods, therefore, showed less reproducibility.

The statistical metric known as the coefficient of variation (CV) was used to measure the
spread of data points in the data set around their mean. It was calculated by dividing the
standard deviation by the mean (Reed et al., 2002) and was a valuable tool for comparing the
level of variation between two different data sets, even when their means differ significantly.
Acetone precipitation was not selected as the method of choice because it provided no
observable benefit for the increased number of steps in its protocol. Furthermore, acetone
precipitation requires a prolonged centrifugation step which is not readily automatable. With
sample preparation already being time-consuming and automation being the goal, more steps

in the protocol are unfavourable and will not be beneficial for large-scale studies.

Proper sample preparation is an important step for mass spectrometry (MS)-based proteomics
because it can be simultaneously time-consuming and variable. MS results are highly

impacted by the reproducibility and quality of sample preparation and extraction. (Luque-
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Garcia and Neubert, 2007). Contaminants and interfering species from samples may
negatively impact ionization during the electrospray process, peptide chromatography and
mass spectrometry sequencing (Batth et al., 2019). Therefore, it is essential to have a
standardized sample preparation method that can remove these impurities for plasma
profiling to attain reliable biomarkers. Small changes in a sample preparation technique can
lead to unreproducible and variable results (Villanueva et al., 2004).

4.4, Sample dilution, clean-up and protein digestion

The different dilution buffers (25X dilution with 50 mM Tris-HCI, 2% SDS pH 8 and 25X
dilution with 50 mM TEAB, 2% SDS pH 8) were further compared and evaluated in addition
to the comparison of hydrophilic interaction liquid chromatography (HILIC) and protein
aggregation capture (PAC) clean-up methods. TEAB dilution with HILIC had significantly
higher peptides identified (mean: 3206) compared to Tris dilution with PAC (mean: 3046)
depicted by P = 0.0008. Additionally, Tris dilution with HILIC identified significantly higher
peptides (mean: 3141) in comparison to Tris dilution with PAC (mean: 3046) represented by
P = 0.0439 (Figure 3.12). The 25X dilution with 50 mM Tris-HCI, 2% SDS was selected as
the standard dilution procedure as this method showed to be reproducible (Figure 3.10;
Figure 3.11) and Tris (hydroxymethyl) aminomethane was more affordable and readily
available in our laboratory. however, a 25X dilution with 50 mM TEAB, 2% SDS dilution is
an alternative. The solubilization of proteins can be difficult to attain and frequently requires
the use of strong salts and/or detergents that are incompatible with subsequent MS analysis
(Yeung et al., 2008). One of the most widely used reagents for the solubilization of
biological components is SDS. This ionic detergent can attach to proteins via hydrophobic
and ionic interactions. SDS solubilizes proteins by adding a negative charge to amino acids
thereby changing their secondary and tertiary structures, and since like charges repel the

proteins begin to linearize and become inactive (Figure 4.4.1) (Andersen et al., 2009).
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Figure 4.4. 1. Protein denaturation by SDS. The folded protein initially consists of positive and negative
charges due to the charged R-groups. The hydrophobic domains are where the non-polar R-groups collect to
escape the polar water surrounding the protein. SDS disrupts the hydrophobic areas and confers a net negative

charge. The protein is denatured and results in a linearized protein (primary structure).

Studies on aggregated proteins and membrane proteins, which are typically challenging to
solubilize by conventional reagents, benefit from the use of SDS (Zhou et al., 2012). The
most widely used form of extraction for plasma proteomics studies are dilutions with
buffering salts and/or detergents and precipitation methods. The Tris-HCI buffer (pH range
7.0-9.0) can extract soluble cytoplasmic proteins, diluting out sample contaminants and

maintaining a pH environment over a wide temperature range.

TEAB buffer is a volatile buffer system that is often used in mass spectrometry-based
proteomics workflows for protein dilution and digestion. TEAB buffer is particularly useful
because it is volatile and can be removed easily by evaporation, which is important for
downstream mass spectrometry analysis. It has a pH range of 7.5-8.5, which is optimal for

trypsin digestion. The only limitation of TEAB is it is more costly than Tris-HCI.

Following protein dilution, it is crucial to remove detergents (e.g., SDS) and contaminants as
some might interfere with the enzymatic digestion and mass spectrometry analysis (Zhou et
al., 2012). SDS causes significant analyte suppression in electrospray MS (Botelho et al.,
2010). A comparison of HILIC and PAC clean-up and digestion methods was conducted to

remove contaminants and improve digestion efficiency.

HILIC and PAC are two methods that can be used for the removal of contaminants before
protein digestion and MS analysis. The PAC method utilizes the principle of non-specifically

binding precipitated and aggregated proteins to sub-micron particles regardless of their
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surface chemistry (Batth et al., 2019). In the context of protein binding, HILIC was used to
separate proteins based on their surface charge and hydrophilicity. In HILIC, a hydrophilic
stationary allowed for interactions between the stationary phase and the hydrophilic regions
of the protein. The mobile phase, which was a mixture of water and an organic solvent
(acetonitrile) which interacts with the hydrophobic regions of the protein (Boersema et al.,
2008) and trifluoroacetic acid used to elute the protein of interest. Both HILIC and PAC were
performed using magnetic beads. (Batth et al., 2019)Magnetic beads were used because they
have the following benefits: easy to handle, linear scalability and high-throughput
compatibility. Automation of workflows is easily achieved by either using a magnetic bead
handling system (KingFisher™) or integrating a magnetic stand into different liquid handling
stations.

Although HILIC yielded significantly higher peptide identifications compared to PAC
(Figure 3.12), both methods showed to be reproducible in terms of low CVs between the
different days and between technical replicates (Figures 3.10-3.11). Therefore, either method
is suitable for plasma proteomics analysis. The HILIC method was selected because our
laboratory has more historic data using this method, including the previous study on PDAC

tissue proteomics.

Digestion time was compared and evaluated to improve protein coverage. The 4 hrs HILIC
digestion obtained significantly higher peptides (mean: 2860) compared to the 16 hrs
digestion (mean: 2699) depicted by P = 0.0216 (Figure 3.15). However, there was still room
for improvement, therefore digestion times (2 hrs vs 4 hrs vs 16 hrs) were further compared
in addition to enzyme efficiency (trypsin vs trypsin+LysC). Trypsin is one of the commonly
used enzymes for MS due to its availability, high cleavage specificity and low cost. Trypsin
cleaves at the C-terminus of arginine or lysine residues unless there is a proline residue
present (Siepen et al., 2007). LysC addresses trypsin proteolytic inefficiency at lysine sites.
The benefits of the trypsin+LysC mixture for protein mass spectrometry include allowing
more accurate protein guantitation, increasing the number of identified proteins and peptides
of complex protein samples and improving analytical reproducibility (Saveliev et al., 2013).
This is further supported by results from this study where the trypsin+LysC 2 hrs digestion
had significantly higher peptides (mean: 2856) compared to trypsin only 16 hrs digestion
(mean: 2700) with a P = 0.0025 (Figure 3.18).
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The use of trypsin combined with alternative proteases (e.g., LysC, Asp-N, chymotrypsin,
Lys-N, LysargiNase and Glu-C) was reported to improve the number of peptides per protein
and sequence coverage, mostly for low abundant proteins (Giansanti et al., 2016, Swaney et
al., 2010). Saveliev et al. (2013) conducted a model experiment in which they digested HeLa
protein extract using either trypsin or a trypsin+LysC mix. The trypsin digest resulted in a
decrease of about 11% in the number of identified proteins compared to the trypsin+LysC
digest (Saveliev et al., 2013).

Shorter digestion times may be more effective than longer ones for identifying peptides, but
the reason for this improvement is uncertain. Autolysis of trypsin can also diminish its
enzyme activity and site-specificity over time (Klammer and MacCoss, 2006). Prolonged
trypsin digestion methods are time-consuming and are not suitable for high-throughput or
automated sample preparation and analysis. Additionally, it results in a reduction in amino
acid coverage of proteins and consequently loss of tryptic peptides (Hildonen et al., 2014).
Therefore, the final standard operating procedure (Figure 3.13) using 50 mM Tris-HCI, 2%
SDS, pH 8 to dilute plasma 25 times followed by HILIC clean-up and 2 hrs on-bead
digestion at 47 °C with a trypsin+LysC mix was tested in a pilot study.

Section 2: Pilot study
4.5. Dysregulated proteins may be involved in PDAC development
In the pilot study, proteomic profiling was performed to test the utility of the SOP.

Differentially expressed proteins were identified in PDAC plasma samples obtained from
patients of African ancestry. Comparing PDAC to healthy patients, the top 3 (in abundance)
upregulated proteins included Transthyretin, Apolipoprotein A4, and tetranectin. The top 3
(in abundance) downregulated proteins included Haptoglobin-related protein, Complement
C1qg A chain, and Immunoglobulin heavy constant alpha 2 (Figure 3.20A, Table 3.2). The top
2 upregulated proteins (transthyretin and apolipoprotein A4) have been identified in other
literature as potential biomarkers for PDAC development (Harsha et al., 2009, Litman-
Zawadzka et al., 2019) validating that the optimized protocol succeeded in identifying
proteins associated with PDAC. The identification of these proteins using the SOP developed
suggests it can be used to profile plasma proteins and possibly identify key targets associated
with PDAC. Some of the top dysregulated proteins that have been linked to PDAC or cancer

development are discussed below.
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Transthyretin is crucial for the binding and distribution of thyroid hormones, maintaining
blood levels of vitamin A and for the growth of the liver and pancreas (Schweigert et al.,
2004). Lv et al. (2011) identified a >2-fold upregulation of this protein in pancreatic juice
compared to controls and immunohistochemistry staining demonstrated an overexpression of
transthyretin in PDAC tissues (Lv et al., 2011). However, in other studies, the levels of this
protein were found to be downregulated in PDAC, but these discrepancies may be explained
by differences in biosamples used and sample population (Chen et al., 2013). In another
study, it was discovered that levels of transthyretin were upregulated in sera of patients with
ovarian cancer (early stage) using the ProteinChip Biomarker system (Chen et al., 2013).

Studies have discovered that mutant apolipoproteins can cause aberrant blood lipid utilization
and metabolism which plays significant roles in the onset and progression of atherosclerosis,
hyperlipidaemia, cardiovascular diseases, and malignancies (Ren et al., 2019). The authors
suggest that these proteins may serve as therapeutic targets (by inhibiting expression/ using
corresponding mimetic peptides) as well as aid in cancer diagnosis and prognosis (Ren et al.,
2019). For example, the utility of ApoA2 as an early marker of pancreatic cancer was

demonstrated when compared to healthy individuals (Sato et al., 2020).

An increase in the expression of C1q, the initial component of the complement classical
pathway, has been suggested as a prognostic marker in PDAC patients, emphasizing the
significance of the complement system in the advancement of tumours (Speth et al., 2022). It
can be produced by different cells within the tumour microenvironment including tumour
cells, macrophages and dendritic cells (Ain et al., 2021). Complement Clg has several
immunoregulatory functions, such as enhancing phagocytosis, regulating cytokine
production, and promoting T-lymphocyte maturation. However, recent studies have shown
that Clq can also stimulate cancer development and proliferation by promoting pro-

tumorigenic processes such as angiogenesis (Ain et al., 2021).

This study identified only 2 (Afamin and Immunoglobulin heavy variable 3-43) proteins that
were differentially expressed in PDAC compared to CP patients (Figure 3.20B). This may be
due to similarities in some molecular mechanisms associated with both diseases as CP is a
risk factor for PDAC development. In individuals with CP, prolonged inflammation
contributes to the proliferation of stellate cells and cell turnover, resulting in the formation of
a microenvironment in the pancreas that facilitates carcinogenesis (Gandhi et al., 2022). If

dysregulated proteins cannot be accurately distinguished from those present in chronic
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pancreatitis (CP), it may lead to delayed diagnosis and the missed opportunity for early
intervention and potentially curative treatments. Additionally, it may limit the accuracy and
reliability of prognostic indicators, making it challenging to predict disease progression and
response to therapy. Afamin was reported to be decreased in ovarian cancer and has been
proposed to be a potential biomarker (Jackson et al., 2007). IGHV mutations have been
observed to have a prognostic impact on cancer patients including chronic lymphocytic
leukemia (Kaufman et al., 2022).

4.6. Dysregulated proteins are enriched in key pathways involved in carcinogenesis

Pathway enrichment analysis was performed on dysregulated proteins using ShinyGo and
Reactome software. Several pathways were found to be enriched including those related to
the complement system, immune response, platelet degranulation, regulated exocytosis and
negative regulation of endopeptidase. The enrichment of the complement system and immune
response-related pathways were due to the downregulation of specific proteins including C5,
C9, CLU, C3, serpin family G member 1 (SERPING1) and C1QA. The complement system
serves as one of the initial defence mechanisms against stressed host cells or invading
pathogens. It comprises three independent but interconnected pathways (alternative pathway,
lectin pathway and classical pathway) and operates as a coordinated and highly controlled
biological system (Ain et al., 2021). The activation of the classical pathway occurs following
the attachment of the C1 complex to targets such as an antigen-antibody (IgG or IgM)
immune complex or an apoptotic cell. The C1 complex comprises C1g molecules and two
distinct serine proteases (Revel et al., 2020). Upon analysing complement gene expression in
30 different types of cancer, several genes responsible for the classical pathway were
upregulated (Roumenina et al., 2019). The mechanisms by which the complement system is
activated in tumours remain unclear, although various models suggest that both classical and
alternative pathway components are present in higher concentrations within the tumour

microenvironment (Revel et al., 2020).

The involvement of serine proteases and their inhibitors is frequently observed in different
types of cancers, as well as in stromal cell behaviours that promote the growth of primary
tumours (Zheng et al., 2013). In a study by Peng et al. (2018), SERPING1 was found to be
reduced in prostate cancer tissues compared to non-cancerous tissues (Peng et al., 2018), and
reported to be a potential early diagnostic marker for lung and breast cancer (Lee et al., 2016,
P et al., 2004). SERPINGL1 encodes for the Cl-inhibitor, which can hinder the activation of
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C1r and Cl1s, inhibiting the formation of the C1 complex, and consequently decreasing the
activation of the classical complement pathway (Carter et al., 1991). A deficiency of
complement C5 effectively inhibits the progression of colorectal cancer by attracting
myeloid-derived suppressor cells to the inflamed colorectal region and weakening the activity
of CD8 (+) regulatory T (Treg) cells (Ding et al., 2020). Most cell types within a tumour may
express complement C3aR receptors, indicating that C3a may potentially be utilized by
tumour cells to facilitate tumour growth (Revel et al., 2020). The function of C9 in
complement-dependent cytotoxicity-induced tumour cell death is essential, and the
downregulation of C9 expressed by tumour-associated macrophages due to hypoxia
contributes to the advancement of non-small cell lung cancer (Zhang et al., 2019).

The identification of SNPs rs17091162 in SERPINA3 has revealed a potential correlation
with the survival rates of pancreatic cancer patients, indicating the significant impact of
SERPINA3 on disease prognosis in cancer (Zeng et al., 2011). Tumour cells produce and
secrete  SERPINA1, which is implicated in several physiological and pathological
mechanisms such as angiogenesis, tumour invasion, and metastasis (Chantada-Vazquez et al.,
2022).

The complement system is a vital component of innate immunity, with a key role in initiating
the inflammatory response and regulating the function of T and B cells. Additionally, once
pathogen-specific antibodies are produced, the complement system aids in removing immune
complexes and eliminating the pathogen (Merle et al., 2015). The microenvironment of
PDAC comprises a substantial number of immune cells however, patients with this condition
exhibit immune dysfunction. This can be attributed to an immunosuppressive tumour
microenvironment, which hinders the activation or effectiveness of immune effectors (Chang
et al., 2016). In this study, one of the proteins enriching the immune-response pathway was
CLU which was observed to be downregulated. CLU has been demonstrated to play
significant roles in several physiopathological processes and observed to be altered in
different human carcinomas (Redondo et al., 2009). Its downregulation is corroborated by
studies that similarly observed this trend (Sala et al., 2009). CLU may contribute to the
development of cancer by inhibiting apoptosis, activating autophagy, and affecting several
signalling pathways including IGF-1/IGFR, EGFR, NF-kB, PI3K/AKT, TGFp, and specific
miRNAs (Sala et al., 2009). A study found that the signalling pathways facilitated by C5AR1

promoted the conversion of the tumour microenvironment into a conducive environment for
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tumour growth by activating innate immune cells, suppressing effector T cells, and releasing
factors that support tumour growth (Gadwa et al., 2021).

Platelet degranulation-related pathways were attributed to the upregulation of CLEC3B and
downregulation of proteins including CLU, SERPING1, ITIH3, SERPINAS, and SERPINAL.
When platelets are activated, they release growth factors and bioactive lipids into the
bloodstream, which recruits and aggregates more platelets and initiates thrombogenesis. This
process is essential for wound healing and detecting abnormal cells in the bloodstream. In the
case of cancer cells, platelet-mediated recognition is triggered and amplified by various
factors, leading to suppression of immune recognition and elimination, arrest at endothelium,
or entrapment in the microvasculature. These interactions support cancer cell survival and
spread, leading to the establishment of secondary lesions, which are important targets for
prevention and therapy (Menter et al., 2014). In general, pancreatic tumours tend to promote
platelet aggregation (Mai and Inkielewicz-Stepniak, 2021), leading to the formation of blood
clots. PDAC is recognized as one of the most thrombogenic types of cancer and interacts with
platelets in both direct and indirect ways to stimulate their activation, degranulation, and
aggregation. These processes, in turn, facilitate tumour proliferation and metastasis (Palacios-
Acedo et al., 2022). Nweke et al. (2020) observed elevated levels of platelet degranulation-
related pathways (Nweke et al., 2020). Although limited information is available on the
involvement of ITIH3 in platelet function and thrombosis, this protein has been demonstrated
to have important roles in inflammation and inhibiting cancer metastasis (de Almeida et al.,
2022).

The enrichment of exocytosis-related pathways was due to the downregulation of TTR, CLU,
C3, SERPING1, ITIH3, LRG1, SERPINA3, and SERPINA1 and the upregulation of
CLEC3B. As cancer advances, lysosomes tend to shift towards the plasma membrane due to
alterations in either the cytoskeletal network or the trafficking and exocytosis of lysosomes
(Machado et al., 2021). Cancer cells exploit lysosomal exocytosis to become aggressive and
resistant to treatment. This process empowers cancer cells in various ways, including altering
the plasma membrane composition to influence signalling events, secreting active enzymes to
remodel the surrounding matrix and activate stroma cells, enhancing the release of exosomes
to propagate signalling molecules to neighbouring cells, and promoting the efflux of
lysosomotropic chemotherapeutics to confer drug resistance (Machado et al., 2021). A study
by Kwan et al. (2021) revealed that LRG1 controls several facets of melanoma metastasis by
modulating EGFR/STATS3 signalling (Kwan et al., 2021). This protein has been suggested to
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be a potential prognostic marker for pancreatic cancer (Furukawa et al., 2015). In recent
reports, LRG1 has been found to play a role in tumorigenesis beyond angiogenesis,
specifically in regulating epithelial-mesenchymal transition by activating RUNX1 (Lu et al.,
2020) and TGFB/Smad2,3 signalling pathways (Zhang et al., 2020).

4.7. Significantly dysregulated proteins in plasma may be secreted by tumours

To identify any similar proteins in the datasets of plasma obtained from the current study and
tissue from a previous study by Nweke et al. (2020), a Venn diagram was used (Figure 3.22).
The expression of similar proteins at the tissue and protein level may reinforce their possible
role in pancreatic tumourigenesis. A total of 42 differentially expressed tissue proteins were
observed across all plasma samples (PDAC, CP, healthy individuals). Some of the proteins
were observed to be expressed in PDAC in other studies. Amongst these are members of the
Apolipoprotein family (APOA1, APOA2, APOC1l, APOC2, and APOE). The human
apolipoprotein gene has 22 members which are characterized into 10 subfamilies (APOA-
APQOJ). Apolipoproteins can bind to lipids forming lipoproteins because they function as lipid
carriers, these proteins act as ligands for structural components of lipoproteins, cell
membrane receptors and cofactors of enzymes (Kastelein et al., 2008). Apolipoproteins are
components of plasma lipoproteins that bind and transport blood lipids to various body
tissues where they are used for metabolism (Di Angelantonio et al., 2009). They are known to
be associated with cancers and have important functions in this disease through multiple
mechanisms., For example, a previous study reported increased levels of Apolipoprotein ClI
(APOC1), Apolipoprotein CIl (APOC2), and Apolipoprotein E (APOE) in serum and tissue

of pancreatic cancer patients (Ren et al., 2019).

Several proteins that are mainly produced by the liver and have been implicated in
carcinogenesis were commonly dysregulated in this study and the tissue dataset (Figure 3.22).
They include fibrinogen (FGB), alpha-2-macroglobulin (A2M), alpha-1-antichymotrypsin
(SERPINAS3), C4b-binding protein alpha chain (C4BPA), haptoglobin (HP) and serum
amyloid (SAA1L). Fibrinogen is a glycoprotein comprising two sets of three polypeptide
chains (a, b, c), and is responsible for the clotting and circulation of blood through platelet
interaction (Ren et al., 2019). There has been recent evidence indicating plasma fibrinogen to
have a critical function in tumour progression (Ren et al., 2019). The fibrinogen beta and
gamma chains were reported to be uniquely and notably expressed in pancreatic cancer sera

(Bloomston et al., 2006). The C4b-binding protein alpha chain is a component of the classical
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pathway and controls inflammation due to bacterial infections and has been reported to be a
potential serum marker in differentiating PDAC from CP (Sogawa et al., 2016, Sasaki et al.,
2021). In addition, haptoglobin and serum amyloid have been observed to be elevated in
PDAC (Firpo et al., 2009). Haptoglobin was found to be upregulated in the plasma dataset
and serum amyloid was downregulated in both the tissue and plasma data. It's expected that
proteins produced by the liver are aberrant in PDAC as liver functioning is impaired, and
almost half of PDAC patients have liver metastases (Saki et al., 2021).

A2M is one of the highly abundant serum proteins in humans. A2M is a protease inhibitor
and has been observed to hinder tumour cell proliferation when binding to low-density
lipoprotein receptor-related protein 1 (Lin et al., 2014). This protein was found to be elevated
and downregulated in the plasma and tissue data respectively (Figure 3.20). Cancer cells can
secrete proteins into the bloodstream, leading to their increased presence in plasma.
Proteolytic enzymes, such as matrix metalloproteinases, can degrade proteins within the
tumor microenvironment. This degradation may lead to a decrease in the levels of certain
proteins within the tissue while fragments or cleaved forms of these proteins may be detected
in the plasma (Kessenbrock et al., 2010). However this does not discredit the protein as being
a potential biomarker. The protein can be validated in independent patient cohorts. Alpha-1-
antichymotrypsin, a protease inhibitor, is also produced in the brain and aorta and secreted in
astrocytes. It functions in inflammation, acute phase response and proteolysis and may be a

potential biomarker for the diagnosis of pancreatic cancer (Jin et al., 2022).

Proteins linked to the extracellular matrix were also found to be dysregulated in the tissue and
plasma datasets including fibulin and vitronectin. Fibulin proteins are part of the extracellular
matrix proteins and regulate cell migration and proliferation, and fibulin 1 has been reported
to be associated with tumour growth (Gong et al., 2020). Another glycoprotein known as
vitronectin can link cells and the extracellular matrix via ligands such as plasminogen
activator inhibitor 1, integrin and urokinase plasminogen activator receptor (Burgos-Panadero
et al., 2019). By binding to these ligands, vitronectin can promote matrix degradation and cell
adhesion in the matrix of tumours (Madsen et al., 2007). The protein is found in plasma and
the extracellular matrix of some tissues and is produced mainly in the liver. Tumour cells
secrete vitronectin which is known to be associated with metastasis, tumour invasion and

angiogenesis in some humans (Burgos-Panadero et al., 2019).
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CHAPTER 5

Conclusion and future work

The study identified an optimal protein preparation, clean-up and digestion method for
patient samples, which were reproducible, be easily automated, increased the number of
proteins being identified by LC-MS analysis and allowed for comprehensive proteome
profiling of the pilot PDAC cohort. The plasma dilution methods produced similar results to
the precipitation methods tested and were preferred over the latter as they require less
additional manual processing steps. The pilot study which used the optimized method
identified differentially expressed proteins associated with PDAC. However between the CP
and PDAC patients there was a lack of distinctive differentially expressed proteins. This may
pose challenges in accurately differentiating between these two conditions based solely on
protein expression patterns. Further highlighting the need for additional diagnostic markers.
The dysregulated proteins showed enrichment of pathways associated with tumorigenesis,
suggesting that the method could be reliable in identifying proteins associated with PDAC,
especially in our population group. Due to a low sample size for the pilot study, future studies
utilizing this SOP should involve a larger sample size. Additionally, future large-scale studies
should aim to automate the entire sample preparation process which will be critical for
reducing human error and variation. Although a significant number of proteins associated
with PDAC were identified, other new possible approaches can be explored to increase
protein coverage, such as studying extracellular vesicles (EV) from plasma. Profiling EVs for
the identification of biomarkers is important for non-invasive, specific, and reliable diagnosis,

monitoring, and treatment of various diseases such as cancer.
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APPENDIX

Table S 1. A list of all buffer solutions and solvents with their respective components

and company manufacturer.

Buffer solution Solvents/components Company
Running MES buffer 1. MES 1. Thermo-Fisher
Scientific
50 mM Tris-HCI, 2% 2. SDS (Sodium 1. SIGMA
SDS, pH 8 dodecyl sulfate) 2. SIGMA
3. Tris-HCI (Tris
hydrochloride)
50 mM TEAB 4. TEAB 3. SIGMA
95% ACN 5. ACN (Acetonitrile) 4. SIGMA
30% ACN, 200 mM 6. NHsAc (Ammonium 5. SIGMA
NHsAc, pH 4.5 acetate)
15% ACN, 200 mM
NH.Ac, pH 4.5
1% TFA 7. TFA (Trifluoroacetic 6. SIGMA
acid)
70% EtOH 8. EtOH (Ethanol) 7. SIGMA
2% ACN, 0.2% FA 9. ACN (Acetonitrile) 8. SIGMA
10. FA (Formic acid) 9. SIGMA

Table S 2. Patient demographic characteristics and clinical stage of disease.

Sample ID

Clinical
staging

Age

Gender
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PDAC

P1 RPC 64 Male
P2 RPC 73 Male
P3 RPC 68 Female
P4 RPC 63 Male
P5 RPC 55 Male
P6 LAPC 64 Female
P7 RPC 68 Male
P8 RPC 44 Male
P9 MPC 66 Male
P10 Borderline 41 Female
RPC
P11 RPC 44 Male
P12 LAPC 57 Male
P13 RPC 50 Female
P14 RPC 65 Male
P15 LAPC 39 Male
P16 RPC 62 Male
P17 MPC 81 Female
P18 RPC 46 Male
P19 RPC 72 Male
P20 LAPC 62 Male
P21 RPC 66 Male
P22 RPC 65 Male
P23 MPC 46 Male
P24 RPC 68 Male
P25 LAPC 68 Male
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P26 LAPC 56 Female
P27 RPC 66 Female
P28 LAPC 29 Male
P29 LAPC 51 Male
P30 MPC 40 Male
P31 RPC 38 Female
P32 RPC 52 Female
P33 RPC 51 Male
P34 RPC 69 Female
Chronic CP1 * 45 Male
pancreatitis
CP2 * 46 Male
CP3 * 60 Male
CP4 * 58 Male
CP5 * 47 Male
CP6 * 55 Male
Healthy HC1 * 45 Female
HC2 * 56 Male
HC3 * 28 Female
HC4 * 29 Male
HCS5 * 28 Male
HC6 * 33 Male

* Denotes disease/patients with no clinical staging. RPC: Resectable pancreatic cancer,

MPC: Metastatic pancreatic cancer, LAPC: Locally advanced pancreatic cancer, HC: Health control, CP:
Chronic pancreatitis, The highlighted PDAC patients were selected for the pilot study. PDAC patients
highlighted in green were selected for the pilot study.
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Figure S 1. MS1 total ion chromatograms (TICs) of 100% acetone precipitation replicates overlaid using
Peak View. All 100% acetone precipitation TICs from batches A and B overlaid. LC-MS: 500 ng load, 45 min

gradient, SWATH 60VW, 15 ms cycle time, 75 min run.
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Figure S 2. MS1 total ion chromatograms (TICs) of 5x TEAB replicates overlaid using Peak View. All 5x
TEAB TICs from batches A and B overlaid. LC-MS: 500 ng load, 45 min gradient, SWATH 60VW, 15 ms

cycle time, 75 min run.

85



= @ TICfromA_80Act_1.wiff (sample 1)- A 80Act 1
@ TIC from A_B0Act 2 wiff (samle 1) - A_80Act_2
@ TIC from A_80ACL 3wiff (sample 1) - A_80Act 3
@ TIC from A_BDACt_4viff (sample 1) - A_80ACt_4
O TIC from B_80ACt_1.wiff (sample 1) - B_80Act_1
@ TIC from B_80ACt 2wiff (samele 1) - B_80Act_2
O TIC from B_80ACt 3 viff (sample 1) - B_80Act 3
@ TIC from B_80At_4.wif (samle 1) - B_80Act_4

4.5e8
4.0e8
3.5e8
3.0e8

2.5e8

Intensity

2.0e8

1.5¢8

1.0e8

5.0e7
¥
0.0e0

S
65 70

Time, min
Figure S 3. MS1 total ion chromatograms (T1Cs) of 80% acetone precipitation replicates overlaid using

Peak View. All 80% acetone precipitation TICs from batch A and B overlaid. LC-MS: 500 ng load, 45 min
gradient, SWATH 60VW, 15 ms cycle time, 75 min run.
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Figure S 4. MSL1 total ion chromatograms (TICs) of 25x Tris-HCI replicates overlaid using Peak View. All
25x Tris-HCI TICs from batches A and B overlaid. LC-MS: 500 ng load, 45 min gradient, SWATH 60VW, 15

10

ms cycle time, 75 min run.

86



/@ TIC from TEAB HILIC 1_A wiff (sample 1) - TEAB HILIC 1_A
@ TIC from TEAB HILIC 1_Ewif (sample 1) - TEABHILIC 1.8
ple 1) - TEAB HILIC 224

@ TIC from TEAB HILIC 2_A-wif
@ TIC from TEAB HILIC 2_Bwif ple 1)- TEABHILC 2 B
QTIC from TEAB HILIC 3_Awif ple 1) - TEABHILIC 3_A
@ TIC from TEAB HILIC 3_Bowif ple 1)- TEABHILIC 3 B
@ TIC from TEAB HILIC 4_Awif ple 1) - TEABHILIC 4_&
@ TIC from TEAB HILIC 4_Bwiiff (sample 1) - TEAB HILIC 4_B

6.0e8
5.5e8

5.0e8 2

4.5e8

4.0e8

zszs

3.0e8 ‘ H |

3.5e8 |I I
H"

\"\” K
“‘\ ‘I“ '

i I’ m' ! o

Intensity

I , w« m i
“, z m |l" " .“ 4

2.5e8

.‘ll‘l\
il f \\f‘ |

J\
I H!\‘ 5859
"i ! 5972 5994
! 6048

5087 ; | (\ PR 6157
L

1.0e8

1T
) N
I "\"“‘Jr"~‘wi.~:;i;=\i.k‘_“ -y

0.0e0 1— =
10 15 20 25 30 35 4? 45 50 55 60 65 70
Time, min

Figure S 5. MS1 total ion chromatograms (TICs) of TEAB_HILIC (TEAB_H) replicates overlaid using
Peak View. All TEAB_H TICs from batches A and B overlaid. LC-MS: 500 ng load, 45 min gradient, SWATH
60VW, 15 ms cycle time, 75 min run.
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Figure S 6. MS1 total ion chromatograms (TICs) Tris HILIC (Tris_H) replicates overlaid using Peak
View. All Tris_H TICs from batches A and B overlaid. LC-MS: 500 ng load, 45 min gradient, SWATH 60VW,
15 ms cycle time, 75 min run.
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Figure S 7. MS1 total ion chromatograms (TICs) of Tris_ PAC (Tris_P) replicates overlaid using Peak
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View. All Tris_P TICs from batches A and B overlaid. LC-MS: 500 ng load, 45 min gradient, SWATH 60VW,

15 ms cycle time, 75 min run.
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= TEAB_HILIC
= Tris_PAC

Log10 (Response)

normalization) of all precursor ion quantities for each run (left) and the normalization of the same precursor ion

quantities for each run (right).
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Figure S 9. MS1 total ion chromatograms (TICs) of 4 hrs digestion replicates overlaid using Peak View.

All 4 hrs digestion TICs from batches A and B overlaid. LC-MS: 500 ng load, 60 min gradient, SWATH 60VW,

15 ms cycle time.
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Figure S 10. MS1 total ion chromatograms (T1Cs) of 16 hrs digestion replicates overlaid using Peak View.
All 16 hrs digestion TICs from batches A and B overlaid. LC-MS: 500 ng load, 60 min gradient, SWATH
60VW, 15 ms cycle time.
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Figure S 11. Normalization plot for experiment 3. Box plots showing the normal response (signal response

before normalization) of all precursor ion quantities for each run (left) and the normalization of the same

precursor ion quantities for each run (right).
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Figure S 12. MS1 total ion chromatograms (TICs) of 4 hrs trypsin digestion replicates overlaid using
Peak View. All 4 hrs trypsin digestion TICs from batch A and B overlaid. LC-MS: 500 ng load, 60 min
gradient, SWATH 60VW, 15 ms cycle time.
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Figure S 13. MS1 total ion chromatograms (TICs) of 4-hour trypsin-LysC digestion replicates overlaid

using Peak View. All 4-hour trypsin-LysC digestion TICs from batches A and B overlaid. LC-MS: 500ng load,

60 min gradient, SWATH 60VW, 15 ms cycle time.
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Figure S 14. MS1 total ion chromatograms (TICs) of 2 hrs trypsin-LysC digestion replicates overlaid

using Peak View. All 2 hrs trypsin-LysC digestion TICs from batches A and B overlaid. LC-MS: 500 ng load,
60 min gradient, SWATH 60VW, 15 ms cycle time.

- @TICfrom Trp1_ON_A.wiff(sample 1)- Trp1_ON A *
@ TIC from Trp1_ON_Bwiff(sample 1) - Trp1_ON_B =
@ TIC from Trp2_ON_Awiff (sample 1) - Trp2_ ON_A &

@ TIC from Trp2_ON_B wiff (sample 1) - Trp2_ON_B
OTIC from Trp3_ON_Awiff (sample 1) - Trp3_ON_A
@ TIC from Trp3_ON_B.wiff (sample 1) - Trp3_ON_B
Q@ TIC from Trp4_ON_Awiff (sample 1) - Trp4_ON_A
@ TIC from Trp4_ON_B.wiff (sample 1) - Trp4_ON_B

7.5e8
7.0e8
6.5e8
6.0e8
5508
5.0e8

458

4.0e8

Intensity

35e8
3.0e8 92
25e8
2.0e8

158

1.0e8
Ul i
! "

5.097‘

0.0e0 __l s
6 8 10 12 14 16 18 20 2 24 26 28 30 3% 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Time, min

Figure S 15. MS1 total ion chromatograms (TICs) of 16 hrs trypsin digestion replicates overlaid using
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Peak View. All 16 hrs trypsin digestion TICs from batches A and B overlaid. LC-MS: 500 ng load, 60 min

gradient, SWATH 60VW, 15 ms cycle time.
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Figure S 16. MS1 total ion chromatograms (TICs) of 16 hrs trypsin-LysC digestion replicates overlaid
using Peak View. All 16 hrs trypsin-LysC digestion TICs from batches A and B overlaid. LC-MS: 500 ng load,

60 min gradient, SWATH 60VW, 15 ms cycle time.
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Figure S 17. Normalization plot for experiment 4. Box plots showing the normal response (signal response
before normalization) of precursor ion quantities for each run (left) and the normalization of the same precursor

ion quantities for each run (right).

Table S 3. Power analysis for a minimum of 6 samples.

desiredFC numSample | FDR power Ccv

3.150 6 0.01 0.78 0.039
3.175 6 0.01 0.79 0.039
3.200 6 0.01 0.80 0.038
3.225 6 0.01 0.81 0.038
3.250 6 0.01 0.82 0.038
3.275 6 0.01 0.83 0.038
3.300 6 0.01 0.84 0.037
3.325 6 0.01 0.84 0.037
3.350 6 0.01 0.85 0.037
3.375 6 0.01 0.86 0.036
3.400 6 0.01 0.87 0.036
3.425 6 0.01 0.87 0.036
3.450 6 0.01 0.88 0.036
3.475 6 0.01 0.89 0.035
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3.500 6 0.01 0.89 0.035
3.525 6 0.01 0.90 0.035
3.550 6 0.01 0.90 0.035

Table S 4. Power analysis identifying the minimum number of samples required for a

power of 0.9 and a fold change of 1.5.

desiredFC | numSample | FDR power Ccv

1.500 58 0.01 0.9 0.008
1.525 54 0.01 0.9 0.009
1.550 50 0.01 0.9 0.010
1.575 46 0.01 0.9 0.010
1.600 43 0.01 0.9 0.011
1.625 41 0.01 0.9 0.011
1.650 38 0.01 0.9 0.012
1.675 36 0.01 0.9 0.012
1.700 34 0.01 0.9 0.013
1.725 32 0.01 0.9 0.013
1.750 31 0.01 0.9 0.014
1.775 29 0.01 0.9 0.014
1.800 28 0.01 0.9 0.015
1.825 26 0.01 0.9 0.016
1.850 25 0.01 0.9 0.016
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1. Final SOP

INTRODUCTION: Diluting samples in Tris-HCL helps in efficiently removing

contaminants that may be found in the sample. SDS mainly aids in solubilizing the proteins.
However, SDS interferes with LC-MS analysis and therefore must be removed prior to the

analysis using the MagResyn HILIC workflow described below.

This protocol describes the efficient sample preparation of plasma with clean-up using the
MagResyn HILIC for bottom-up proteomics applications.

MATERIALS:

e MagResyn® HILIC — Catalogue Number MR-HL002
e Eppendorf LoBind microcentrifuge tubes (0.5 and 2ml)
e Magnetic separator or Magnetic bead handling station (e.g., KingFisher™)
e Pipettes

e Sodium dodecyl sulphate (SDS)

e Tis (hydroxymethyl) aminomethane (Tris-HCL)

e lodoacetamide (IAA)

e Dithiothreitol (DTT)

e Acetonitrile (ACN)

e Ammonium acetate (NHsAC)

e Ammonium bicarbonate (NHsBicarb)

e Protein quantification method (BCA Assay)

e MS grade water

REAGENT PREPARATION:

e DTT Stock: 1M DTT (prepare fresh)

IAA Stock: 1M IAA (prepare fresh, light-sensitive)

e Plasma dilution buffer: 2% SDS in 50mM Tris-HCL pH 8

e Equilibration Buffer: 15% ACN, 100mM NHsAc pH 4.5 (diluted from 1M NHsAc
stock)

e Binding Buffer: 30% ACN, 200 NH4Ac pH 4.5

e Wash Buffer; 95% Acetonitrile

e Trypsin Digestion Buffer: 25mM NH4Bicarb
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METHOD:
Notes:

e The current methods are suitable for manual preparation or may be fully automated
on magnetic bead handling systems such as KingFisher ™ or similar

e The current protocol is sufficient for the clean-up of 20ug of plasma sample
DILUTION AND SOLUBILIZATION OF PLASMA PROTEINS
1. Thaw the plasma sample on ice slowly
2. Transfer 20pl of sample to a 2ml Eppendorf® LoBind tube
3. Add 480l of 50mM Tris-HCL, 2% SDS (25-fold dilution)

4. Quantify diluted plasma using the Pierce BCA Protein Assay kit from Thermo Fisher

scientific
5. Spike 250ug of sample with 0,8ug of casein and 0,2ug of enolase
6. Transfer 20ug of sample to a 2ml Eppendorf® LoBind tube

7. Chemically reduce the sample using a final concentration of 10mM DTT for 30min at
60°C

8. Alkylate sample using a final concentration of 40mM IAA for 30min at room temperature
in the dark

9. Quench the residual IAA with 10mM DTT

10. The sample is now ready for on-bead protein capture, clean-up and digestion using HILIC

protocol

MICROPARTICLE EQUILIBRATION

11. Transfer 10ul MagResyn® HILIC beads (completely re-suspended) to a 2ml LoBind tube
12. Place the tube on a magnetic separator and allow 5-10 sec for the microparticles to clear

13. Remove the shipping solution by aspiration with a pipette and discard
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14. wash the microparticles by re-suspending in 200ul of equilibration buffer with agitation
(e.g. gentle vortex mixing) for 15-30 sec.

15. Place the tube on the magnetic separator and allow the microparticles to clear.
16. Remove the equilibration solution by aspiration with a pipette and discard.
17. Repeat steps 14-15.

Note: only remove the 2" equilibration solution from the microparticles once the sample
is ready to be added (see step 18 below). This will ensure that microparticles do not dry and
can be easily resuspended when the sample is added.

SAMPLE BINDING AND WASHING

18. Mix 20pg (for automated protocol, makeup with Equilibration buffer to 50ul) of reduced
and alkylated plasma sample with 50ul binding buffer.

19. Add the plasma-bind buffer mix to the equilibrated microparticles.

20. Incubate for 30min at room temperature in intellimixer to ensure adequate sample and

microparticle interaction.

21. Place the tube on the magnetic separator and allow the microparticles to clear. Remove

and discard the unbound fraction by aspiration with a pipette.

22. Wash the microparticles with 200ul of wash buffer and mix for 60 sec with gentle

agitation.

23. Place the tube on a magnetic separator and allow 5-10 sec for the microparticles to clear.

Remove the supernatant and discard.
24. Repeat steps 22-23.
ON-BEAD PROTEIN DIGESTION

25. Perform on-bead digestion by adding 200ul of 25mM Ammonium Bicarbonate 0.2ug
sequencing grade LysC (1:100 enzyme:protein ratio) and 1pg sequencing grade Trypsin (1:20
enzyme: protein ration) and incubate for 2 hrs at 47 °C. Ensure sufficient mixing to keep the

particles in solution during digestion.
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26. Place the tube on a magnetic separator and allow 5-10 sec for the microparticles to clear.
27. Remove peptide solution and place in a 0.5 ml Eppendorf LoBind tube.

28. Incubate microparticles with 100ul of 1% TFA for 5 min whilst mixing and subsequently

to pool the supernatant with digest solution from step 27.

29. Vacuum dry samples and re-suspend in 40ul LCMS solvent e.g.2% ACN with 0.2%

formic acid.

96 DEEP-WELL PLATE SET-UP

ROW A | 300ul of 25mM Ammonium Bicarbonate pH 8.0 containing Trypsin and LysC

ROW B | 100ul of 1% TFA

ROW C | 200ul of HILIC wash buffer: 95% ACN

ROW D | 200ul of HILIC wash buffer: 95% ACN

ROW E | Equal volumes (minimum 50pl) of starting protein solution and HILIC binding
buffer: 30% CAN in 200mM NHsAc pH 4.5

ROW F | 500ul of HILIC equilibration buffer: 15% ACN in 100mM NHsAc pH 4.5

ROW G | 200ul of HILIC equilibration buffer: 15% ACN in 100mM NHsAc pH 4.5 and
10l of HILIC beads

ROW H | Disposable plastic combs

30. Perform a Peptide Assay to determine peptide recovery and adjust the loads for LC-MS

analysis.

31. Analyze digest by LC-MSMS
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