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MEME KANSER DOKULARINDA KARŞILAŞTIRMALI SEROLOJİK 
PROTEOM ANALİZİ YAPARAK MEME KANSERİNİN ERKEN 
TANISINDA KULLANILABİLECEK POTANSİYEL BİYOMARKER 
MOLEKÜLLERİN ARAŞTIRILMASI 

ÖZET 

Erken teşhis için uygun tanı araçlarının bulunmaması nedeniyle meme kanseri (MK) 
insidansı ve mortalite oranları artmaktadır. Proteomik tabanlı çalışmalar ile meme 
kanserinin erken tanısı ve etkili tedavi yöntemleri için yeni hedefler sunulabilir. Bu 
çalışmanın amacı, MK tanısına izin verebilecek diagnostik veya prognostik 
biyobelirteçler keşfetmektir. BC dokuları, bunlara karşılık gelen sağlıklı dokular ve 
serum örnekleri toplandı ve meme kanseri alt tiplerine ayrıldı. Deneysel yaklaşım 
olarak, iki boyutlu jel elektroforezi (2-DE) ve floresans jel elektroforezi (DIGE) ile 
birleştirilmiş matriks destekli lazer desorpsiyonu/iyonizasyonu kütle spektrometresi 
(MALDI-TOF/TOF) ve serolojik proteom analizi (E-SERPA) ile birleştirilmiş nano 
sıvı kromatografisi-kütle spektrometresi (n-LC-MS/MS) kullanıldı.  Önerilen 
biyobelirteçlerin prognostik ve diagnostik özelliklerini değerlendirmek için ELISA 
kullanıldı. Ekspresyon seviyelerinde değişiklik görülen proteinler ile yapılan 
biyoistatistiksel analizler, GPD1 ve MAGL’ın biyobelirteçler olarak diagnostik 
ve/veya prognostik özelliklerini kanıtladı. Alfa-tubulin (TUBA1C), siklofilin A 
(PPIA), histon H4 (H4C1), klasterin (CLU), periostin (POSTN), makrofaj göç 
inhibitör faktörü (MIF), splicing faktörü serin/arginin açısından zengin 3 (SFRS3) ve 
coiled coil domain protein 13 (CCDC13), E-SERPA analizi ile tümöre özgü antijenik 
proteinler olarak tanımlandı. Burada sunulan çalışma, BC alt tiplerinin proteomunda 
meydana gelen değişiklikleri analiz etmiştir. Bulgular, triaçilgliserol metabolizması 
ve BC-alt tipleri arasındaki ilişkiye vurgu yaparak ve iki kilit protein olan GPD1 ve 
MAGL'da meydana gelen değişiklikleri detaylandırdı. SFRS3 ve POSTN 
proteinlerinin ekspresyon seviyelerindeki belirgin farklılık, MK alt tiplerinde 
doğrulandı. Bu çalışma, BC metabolizması hakkındaki bilgimizi genişletmemizi ve 
diagnostik ve/veya prognostik biyobelirteç olma potansiyeli yüksek biyobelirteçler 
önermemizi sağladı. 

Anahtar Kelimeler: Biyomarker Arayışı, Geliştirilmiş-Serolojik Proteome Analizi, 
MALDI-TOF/TOF, Meme Kanseri Proteomiği, nLC-MS/MS. 
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SEARCH FOR THE NOVEL PROTEIN MARKERS THAT MAY ALLOW 
EARLY DIAGNOSIS OF BREAST CANCER BY USING COMPARATIVE 
SEROLOGICAL PROTEOME ANALYSIS OF BREAST CANCER TISSUES 

ABSTRACT 

Breast cancer (BC) incidence and mortality rates have been increasing due to the lack 
of appropriate diagnostic tools for early detection. Proteomics-based studies may 
provide novel targets for the early diagnosis of BC and efficient treatments. The aim 
of this study was to discover potential diagnostic/prognostic biomarkers for BC. BC 
tissues, their corresponding healthy counterparts, and sera samples were collected 
and subtyped.  Two-dimensional gel electrophoresis (2-DE) and difference gel 
electrophoresis (DIGE) coupled to matrix-assisted laser desorption/ionization mass 
spectrometry (MALDI-TOF/TOF) and enhanced-serological proteome analysis (E-
SERPA) coupled to nano-liquid chromatography-mass spectrometry (nLC-MS/MS) 
were used as the experimental approaches. ELISA was used to assess the prognostic 
and diagnostic values of the proposed biomarkers. Biostatistical analyses performed 
with differentially regulated proteins, GPD1 and MAGL, presented high evidence for 
their diagnostic and/or prognostic values as biomarkers. Alpha-tubulin (TUBA1C), 
cyclophilin A (PPIA), histone H4 (H4C1), clusterin (CLU), periostin (POSTN), 
macrophage migration inhibitory factor (MIF), splicing factor serine/arginine-rich 3 
(SFRS3), glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and coiled-coil 
domain-containing protein 13 (CCDC13) were identified as tumour-associated 
antigens (TAAs) by E-SERPA assay. The work presented here analysed the changes 
occurring in the proteome of BC subtypes. The findings emphasized the relationship 
between triacylglycerol (TAG) metabolism and BC-subtypes and detailed the 
changes occurring in two key proteins, GPD1 and MAGL. Significant regulation in 
expression levels of SFRS3 and POSTN was verified in BC subtypes. This work 
allowed us to extend our knowledge of BC metabolism and propose biomarkers that 
have high potentials to become diagnostic and/or prognostic biomarkers. 

Keywords: Biomarker Discovery, Breast Cancer Proteomics, Enhanced-Serological 
Proteome Analysis, MALDI-TOF/TOF, nLC-MS/MS. 
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INTRODUCTION 

Despite major advances in health sciences, breast cancer (BC) is still one of the most 

life-threatening diseases for women. Unfortunately, BC mortality rates have been 

drastically increasing around the world reaching up to 522.000 deaths in 2017 alone 

[1]. Luckily, however, not all women who have BC expire. In fact, the overall 

survival rate is highly dependent on the stage of cancer. For the early-detected and 

localized tumours (stage I and II), the chance of survival can reach up to 80-90%, 

while for the late-detected tumours (stage III and IV) the survival rate drops 

dramatically to as low as 24% [1]. Similarly, when 5-year survival rates were 

analysed, 92% of stage 0 patients are not affected by the disease [2]. While this rate 

for stage II patients is 75%, it goes down to 13% in stage IV patients [2]. Overall, 

these numbers are indicative of the significance of early BC diagnosis and getting 

appropriate cancer treatment to prevent deaths. 

The early diagnosis of BC is dependent on two different tests. One of the tests relies 

on physical examination and imaging of the breast tissue by a physician or the 

patient herself. If any suspicious lump is detected, an image of the breast via 

mammography may be examined to assess the presence of the tumour [3]. The other 

test may be performed directly on the biopsy material taken from the breast tissue or 

on the serum sample of the suspected BC patient. For BC, the CA 15-3 (Cancer 

antigen 15-3), CA 27-29, carcinoembryonic antigen (CEA), estrogen receptor (ER), 

progesterone receptor (PR), human epidermal growth factor 2 (HER2) are currently 

the most commonly used biomarkers in the clinic [4]. Each biomarker is a reporter of 

the special status of breast tumour. For example, CA 15-3 and CA 27-29 are 

glycoproteins encoded by the genes of the MUC family [5, 6]. Their levels are 

increased in sera of BC patients, thus representing valuable markers for BC 

prognosis and therapy monitoring. However, none of these biomarkers is useful for 

the early diagnosis of BC [7]. Recent efforts to find a biomarker or a group of 

biomarkers for the early BC detection were not successful, although some novel 

prognostic biomarkers were proposed [8].  
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There is an immediate need for a specific BC biomarker or a biomarker panel. 

Therefore, the aim of this thesis was to search for a novel BC-associated biomarker. 

A unique approach was designated based on the fact that antibodies were produced 

by the host’s body against a protein that is aberrantly produced in cells. In this 

context, proteins that are released by the cancer cells can stimulate the immune 

system and cause the production of autoantibodies. We enhanced an experimental 

design by purifying autoantibodies and coupling them to magnetic beads so that 

tumour cell free-extract could be used to capture the antigenic proteins that caused 

the autoantibody production. Finally, our design allowed us to elute the target 

proteins of the immune system, tumour-associated antigenic proteins, and identify 

them via nano-liquid chromatography-mass spectrometry (nLC-MS/MS) analysis. 

Venn diagrams were used to demonstrate the presence of antigenic proteins which 

stimulated the production of autoantibodies by the hosts’ immune system. Overall, 

we were able to identify 9 proteins that were specifically captured by the 

autoantibodies purified from the serum pool of the BC patients. Those proteins were, 

namely, alpha-tubulin (TUBA1C), cyclophilin A (PPIA), histone H4 (H4C1), 

clusterin (CLU), periostin (POSTN), macrophage migration inhibitory factor (MIF), 

splicing factor serine/arginine-rich 3 (SFRS3), glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH), and coiled-coil domain-containing protein 13 (CCDC13). 

Not only the expression differences between the tumour and control protein pools but 

also the differences among BC tumour subtypes and their corresponding control 

protein pools were determined by Western Blot analysis (WB). Differential 

regulations in SFRS3, POSTN, and PPIA were clearly demonstrated. Those proteins 

displayed significant increases in their expression levels in the tumour tissues in 

comparison to their corresponding controls.  Regulations in TUBA1C, CLU, MIF, 

and H4C1 were less significant, although noticeable. There was no regulation in the 

expression level of GAPDH, although GAPDH was selectively captured by the BC 

patients’ autoantibodies. 

Two-dimensional gel electrophoresis (2-DE) and difference gel electrophoresis 

(DIGE) coupled to matrix-assisted laser desorption/ionisation-time of flight mass 

spectrometry-time of flight (MALDI-TOF/TOF) approaches were performed to 

understand BC metabolism in detail. Enzyme-linked immunosorbent assay (ELISA) 
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and WB analyses were used to verify the changes occurring at the protein expression 

levels. Bioinformatics analyses performed with differentially regulated proteins 

highlighted the changes occurring in expression levels of glycerol-3-phosphate 

dehydrogenase 1 (GPD1) and monoacylglycerol lipase (MAGL). The findings 

emphasized the relationship between triacylglycerol (TAG) metabolism and BC-

subtypes and detailed the changes occurring in two key proteins, GPD1 and MAGL. 

Biostatistical analysis has proved the high diagnostic values of GPD1 and MAGL for 

BC-associated biomarkers. 
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1. LITERATURE REVIEW 

1.1.  BC: Histopathology and Classification 

Cancer is a complex disease that is caused by the cells growing uncontrollably. The 

uncontrolled cell growth is known to be caused by the accumulated mutations in 

multiple cellular regulatory systems [9].  The accumulation of abnormal cells 

constitutes a mass of tissue called “tumour”. A tumour can have benign (non-

cancerous) or malign (cancerous) characteristics. Benign tumours do not invade the 

surrounding tissue and do not spread to the other parts of the body. Malign tumours, 

unlike benign tumours, have the ability to invade the surrounding healthy tissues 

(invasion) and spread to the other parts of the body (metastasis) through lymphatic or 

circulatory systems [9]. 

In BC, malignant tumours originate from the cells in the breast. In general, breast 

tumours are malignancies of epithelial cells of mammary glands that are called 

“carcinomas” and 90% of all human cancers are carcinomas [9]. Breast carcinomas 

are classified into two groups based on the place where they occur in the breast. If 

they occur in the ductal tissue, they are named as “ductal carcinoma” and if they 

occur in the lobules, they are called “lobular carcinoma” (Figure 1.1., (Memorial 

Sloan Kettering Cancer Center).  

 
Figure 1.1. The anatomy of the breast  
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The carcinomas are also classified based on their invasion properties. If they invade 

the basement membrane, breast carcinomas are called “invasive carcinoma”. If not, 

they are called “in situ carcinoma” [10]. Overall, BC has a comprehensive variety of 

morphological features, distinct immunohistochemical profiles and histopathological 

subtypes causing them to display specific clinical courses and outcomes [11]. The 

histopathological classification of invasive BC based on the recommendations made 

by Foote and Steward is presented in Table 1.1. [10]. 

 Table 1.1. Classification of invasive BC 

No. Types of breast disease Incidence (%) 
I Paget’s disease  
II Invasive ductal carcinoma  
 A. Adenocarcinoma 80 
 B. Medullary carcinoma 4 
 C. Mucinous carcinoma 2 
 D. Papillary carcinoma 2 
 E. Tubular carcinoma 2 

III. Invasive lobular carcinoma 10 
IV. Rare cancers (adenoid cystic, squamous cell, 

apocrine) 
 

 

BC classification is important in order to obtain information about the clinical course 

of the disease and its outcome and to choose the best treatment strategy. In addition 

to the mentioned classification approaches above, BC can be categorized into sub-

categories based on different criteria to determine the stage of the disease. For 

instance, the traditional approach determines the categories using parameters such as 

tumour size, lymph node involvement and metastasis. This classification system is 

called TNM (tumour, node, metastasis) classification and was first presented by 

Pierre Denoix [12]. The TNM system has been widely accepted around the world 

and has guided the treatment strategies, enabled the follow-up of the treatment and 

the prognosis of the disease. Although the TNM classification along with the 

hormone receptor expression status determined by immunohistochemistry (IHC) 

provides some benefits, the underlying biology and clinical behaviour of BC 

subtypes remain elusive [13]. Hence, there have been serious efforts to generate 

novel classification systems for better clinical outcomes. These efforts resulted in 

extensive profiling of the DNA, microRNA, and ultimately allowed the creation of 

BC subtypes [14]. In 2000, it has been shown by Perou et al. that differential gene 
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expression patterns of BC tumours account for the heterogeneity among breast 

carcinomas. A molecular classification system has been proposed for BC using the 

differences in gene expression levels [15]. Based on their system, BC was classified 

into subgroups, namely “Luminal”, “HER2-enriched”, “Basal-like” and “Normal 

breast-like” subtype. Each subtype displays differences in its incidence rate, 

prognostic properties, response to treatment, preferential metastasis to organs, and 

recurrence or disease-free survival outcomes [16, 17]. This subtype-based 

classification system has been used by the St. Gallen International Expert Consensus 

panel for systemic BC therapies since 2011 [13]. However, a detailed full genetic 

analysis of BC requires a high budget and extensive resources. Thus, surrogate 

definitions of the subtype based on semiquantitative IHC scoring of ER, PR, and in 

situ hybridization tests for HER2 overexpression have been proposed [18]. This 

system called “Molecular classification” and provides the basis for new methods to 

be used in “personalized” prognostic and predictive tests [19]. The classification 

system used in this study was the one that was proposed in St. Gallen Consensus in 

2013 [13, 18] (Table 1.2.). 

Table 1.2. Surrogate definitions of the intrinsic subtypes of 
BC 

 IHC status 
Intrinsic subtype ER PR HER2 Ki-67 (%) 

 + + - <15 
Luminal A + - - <15 

 - + - <15 

 + + - ≥15 
Luminal B + - - ≥15 

 - + - ≥15 

 + + + ≥15 
Luminal B-like HER2+ + - + ≥15 

 - + + ≥15 
TNBC (triple-negative 

breast cancer) - - - any 

HER2-enriched - - over-
expressed any 

                         (HER2-negative: score 1, score 2; HER2-positive: score 3). 
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1.2. Global and Regional Statistical Data on the Incidence of BC 

According to the data released by the American Cancer Society in 2013, BC is the 

second leading cause of cancer-related death among women, after lung cancer, in the 

USA. According to the estimations made by the American Cancer Society, in 2015, 

approximately 231,840 American women will be diagnosed with BC and there will 

be 40,290 BC deaths in the USA [20]. In 2019, the number of new cases of BC 

among women is expected to increase to 331,530, and the number of deaths from BC 

will increase to 41,760. 

In Europe, the scenario is similar to the USA. The incidence rate for BC was reported 

to be 562,500 in 2018 [21]. It is estimated that 1 in 8 women in the EU will develop 

BC before the age of 85 [22]. 

Although Turkey is a Eurasian country, due to its distinct social texture, the BC-

related data is different from the European countries. In Turkey, one out of every 4 

women diagnosed with cancer has BC. BC was identified to be the most common 

type of cancer in women with an incidence rate of 43.8 per hundred thousand (Based 

on the data published by Turkish Ministry of Health's report in September 2018, data 

for 2015). According to Turkey Cancer Statistics, 44.5% of women diagnosed with 

BC are between 50-69 years of age, while 40.6% are in the 25-49 age range (Turkish 

Ministry of Health, data for 2015). 

The early diagnosis of BC is one of the most effective ways of reducing deaths from 

BC. So far, there are no easy to perform genetic or biochemical tests that have been 

developed for the early diagnosis of BC. The presence of biomarker proteins used by 

different laboratories in the diagnosis and treatment of BC has been reported in the 

literature [23]. However, none of these biomarkers is helpful in the early diagnosis of 

BC. Therefore, there is an urgent need for a biomarker protein or protein panel to 

allow the early BC diagnosis. The biomarker or the biomarker panel identified may 

also help the prognosis of the disease, help physicians to estimate whether the patient 

would develop drug resistance or not and would allow the determination of treatment 

options. Although there are many published studies regarding biomarker discovery 

for BC, the absence of such biomarker in clinical use shows that the search for BC 

biomarkers has not yet reached to its ultimate goal. 
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1.3.  BC Risk Factors 

BC risk factors can be grouped into 4 categories. (1) Demographic Factors: Being a 

woman is the greatest risk factor for BC. The risk of developing BC in woman 

increases with increasing age. The risk of developing BC in a woman's life span is 

reported to be 1 in 6 when non-invasive BC is considered and 1 in 8 when invasive 

BC is considered [24]. The geographical features of the region where the patient 

lives are also among the demographic factors. (2) Reproductive History: Increased 

exposure to estrogen increases the risk of developing BC. This is particularly the 

case with early menarche (age 11 and under) and late menopause (age 55 and later) 

[25]. Also, the first labour at a late age or being nulliparous women can increase the 

risk of BC [26]. Lactation is known to reduce the risk of miscarriage or infertility. 

But the relation of lactation with BC has not been demonstrated. (3) Genetic/familial 

factors: Several genes that lead to the inheritance of susceptibility to BC have been 

identified. Among these genes, mutations in the BRCA1/BRCA2, TP53 and pTEN 

are important [27]. Family history is also a risk factor for BC. Presence of BC in 

first-degree relatives increases the risk of BC by 1.8 times. (4) Environmental 

factors: Environmental factors such as socioeconomic status, exercise, radiation 

exposure esp. to the chest area, hormone replacement therapy, oral contraceptive use, 

nutritional disorders (such as eating with fatty foods), alcohol consumption and 

smoking increase the risk of BC [24]. 

In addition to these factors, some other factors can be considered as risk factors. For 

example, the increase in body mass index (>30 kg/m2), the presence of breast 

lesions, previous BC history, dense breast tissue structure, the number of breast 

biopsy, the use of NSAID group drugs, and even working at night shifts are among 

the risk factors [29]. However, when the risk factors of BC are taken into 

consideration,  only “being a woman” and“ age ”factors, are directly linked to BC. 

1.4.  Screening, Diagnosis and Treatment Methods Used in BC  

BC is a disease that has a high chance of survival when diagnosed at early stages of 

cancer. When 5-year survival rates were examined, it was determined that 92% of the 

patients with stage 0 were not affected by the disease [2]. While this rate is 75% in 

stage II patients, it decreases to 13% in stage IV patients. Therefore, early detection 

https://tureng.com/tr/turkce-ingilizce/postpartum%20nulliparous%20women
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of BC is highly important for the treatment of the disease. Routine breast 

examinations of asymptomatic women who have no complaints of breast pain and 

mass detection are of great importance for the early diagnosis of BC. Routine breast 

examination for women esp. over the age of 40 involves mammography, the annual 

examination by a physician, and monthly self-examination. 

If routine controls raise suspicion for BC or if a woman complains about a lump or 

pain in the breast, then the use of mammography, ultrasonography or magnetic 

resonance imaging is required [29]. Currently, mammography appears to be the most 

effective method for the diagnosis of BC. The specificity of mammography is high 

for patients with fatty breast tissue, whereas it is low for patients with high breast 

density. In addition to mammography, ultrasonography is used to ascertain the 

diagnosis of BC patients with higher density breast tissue [29].  

Not all breast masses are cancerous ‘malign’. Some breast tissues may naturally 

contain small lumps which undergo biopsy.  Laboratory tests on these lumps are 

performed to reveal the characteristics of the lumps and tell us whether they are non-

cancerous ‘benign’ or malignant tumour tissues. Statistics imply that one-quarter of 

the breast tumours are malignant tumours that cause BC [30]. The stages of 

malignant tumours may be determined by evaluating their clinicopathological 

properties which are based on the tumour size (T1-4), the association of lymph nodes 

(N1-3) and the existence of distant metastases (M0-1) [31]. These clinicopathological 

properties are also used to grade the malignant tumours and are often stated in the 

patient’s reports. 

Several different approaches have been used to treat BC, such as surgery, radiation 

treatment (adjuvant or neoadjuvant), endocrine therapy and chemotherapy [32]. For 

many years, chemotherapy has been the most widely used approach for BC 

treatment, although it was non-targeted with almost no specificity. Over the past 

twenty years, specific targeted treatment strategies have evolved depending on the 

hormone receptor status of the tumour tissue (ER, PR) and expression of the HER2 

receptor [33, 34]. Hormone receptor-positive BC tumours express ER and/or PR, and 

approximately 60% of all BC cases are hormone receptor-positive [34]. ER/PR+ 

tumours are called “Luminal” and their prognosis is more convenient [14]. Drugs 
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such as tamoxifen or raloxifene targeting the endocrine system are preferred to treat 

this subtype [18]. HER-2/neu is over-expressed in approximately 20% of all BC 

cases. HER2+ tumours respond to Trastuzumab (Herceptin), an inhibitory 

monoclonal antibody which targets HER2 receptor [14, 18]. Approximately 20% of 

BC cases lack the expression of ER, PR, and HER-2/neu. These tumours are 

subtyped as triple-negative (TN) tumours [35, 36]. Since TN tumours suffer from the 

absence of known drug targets, their prognosis is poor and are often treated by 

chemotherapy [37, 38]. 

The subtyping of BC is further detailed when genomic array analyses were 

considered into account. Based on the analysis of array data, several distinct 

molecular subtypes of BC were determined. Those subtypes, namely, are luminal A, 

luminal B, basal, normal breast-like, and HER-2-enriched [15, 39]. Despite the 

detailed analysis of molecular subtypes, there are still BC subtypes that do not meet 

the current subtyping criteria. This is mainly because BC is a highly heterogeneous 

disorder [31]. The future of BC treatment should rely on the development of more 

personalized treatment strategies that would cause a decrease in morbidity and 

mortality rates. This is only possible if novel drugs with reduced side effects are 

developed. Development of novel drugs with reduced side effects requires the 

discovery of novel target molecules. The discovery of novel tumour markers and 

drug target molecules are now possible with the availability of omics technologies. 

1.5.  BC Biomarkers in Clinic   

Biomarkers are biochemical indicators that indicate a physiological condition or 

development of disease [40]. However, an evolved definition of a biomarker has 

been suggested by the World Health Organization that “A biomarker is any 

substance, structure or process that can be measured in the body or its products and 

influence or predict the incidence of outcome or disease.” [41, 42].  

According to the areas of utilization, biomarkers can be classified into three main 

categories; diagnostic, prognostic, and predictive [43]. Diagnostic biomarkers are the 

markers used to detect the presence of a disease. Prognostic biomarkers are the 

markers used to track the changes in disease status, the likelihood of recurrence, and 

the aggression of the tumour. Predictive biomarkers are used to identify patients who 
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are most likely to respond to the treatment options. Thus, the drug that the patient's 

body responds can be determined or designed [43]. Biomarkers can be proteins 

(circulating proteins in plasma or serum, tissue proteins) [44-50], autoantibodies [51-

55], microRNAs [56-62], methylated nucleic acids [63-68], lipids [69, 70] and 

metabolites [71-73].  

Serum tumour markers are soluble molecules that are released into the bloodstream 

by cancer cells or the other cells of the tumour environment [74]. Quantifying the 

amount of these biomarkers in the patients’ blood or serum and correlating the data 

with the diagnosis and prognosis of the disease is a non-invasive and cost-effective 

approach [75]. In general, an ideal biomarker should have the following features: (1) 

should be specific and sensitive for a specific type of tumour (2) should help early 

diagnosis of the disease (3) provide information about the treatment options (4) 

provide information about the prognosis of the disease (5) should help to determine 

the efficacy of the initial treatment (6) should provide hints about the possibility of 

drug resistance [6, 76, 77]. 

Many serum markers have been used for the prognosis or prediction of BC, but the 

ones used to date have not met the expectations for BC screening, early detection or 

diagnosis [78-80].  The most commonly used BC marker proteins are: CEA, MUC-1 

protein, CA 15-3, and CA 27-29, tissue polypeptide antigen, tissue polypeptide 

specific antigen, circulating cytokeratins (CKs), CK 19 fragment, HER2, ER, PR, 

urokinase plasminogen activator, plasminogen activator inhibitor 1 [6, 80-85]. P53, 

cathepsin D, cyclin E and nestin are also used in the screening of BC but they do not 

have sufficient evidence to be routinely used in clinical practice due to their lack of 

specificity and sensitivity [77, 86].  

1.6.  Serum Autoantibodies and BC 

Autoantibodies were discovered in 1955 when it was realized that tumour cells could 

stimulate the immune system against cancer and cause the production of 

autoantibodies [87]. Later on, the cause for the stimulation was found to be due to the 

overexpression of tumour-associated proteins, misfolding, partial degradation of 

proteins, synthesis of the mutant proteins, or alterations in intracellular trafficking of 

the proteins by the tumour cells [88, 89]. The proteins causing the production of 
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autoantibodies released from the tumour cells or the cells present in the tumour 

microenvironment are called Tumour-Associated Antigens (TAAs).  After the 

discovery of autoantibodies and TAAs, interest in this area has considerably 

increased. It was realized that autoantibodies are indeed developed against various 

cancer types by the host immune systems [89]. What is more significant about the 

autoantibodies is that they begin to circulate in the serum as soon as they are being 

produced, which sometimes occur way before the onset of disease symptoms [90, 

91].  

Identification of TAAs may allow the early detection of cancer and the elucidation of 

molecular events occurring at different stages of cancer [92]. The characteristics of 

TAAs that can be used in the early diagnosis of cancer can be summarized as 

follows: 

• Can be detected in non-symptomatic stages of cancer. 

• Serum concentrations can reach to considerably high levels. 

• Stable and have a long half-life of up to 7 days which makes sample 

collection easier and more reliable. 

In the literature, TAA panels have been described and used to identify different types 

of cancers. Those TAAs include c-myc, p53, cyclin-B, p62, Koc, and IMPI [93-95]. 

Experimental approaches used for the identification of TAAs are presented in Figure 

1.2 [89]. Table 1.3 lists the promising potential biomarker proteins for BC and the 

technologies used for their discoveries [81].  

1.7. The Use of Proteomics Technologies in BC Research 

The discovery and clinical application of novel tumour markers for cancer screening, 

diagnosis, and prognosis became one of the main focuses of cancer research [96]. 

Proteomics, in that sense, has revolutionized the area of cancer research and raised 

the hopes of finding novel tumour markers and drug targets that would help to fight 

against various types of cancers [97]. Tissue biopsies, body fluids (plasma, serum, 

nipple aspirate) and cell lines are the attractive sources for proteomics-based 

biomarker discovery studies [98]. Identification of differentially regulated proteins 

isolated from tumour tissues allows the discovery of TAAs and leads to the unveiling 

of the information about cancer metabolism.  
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MS-based proteomics approaches in the cancer research area includes gel 

electrophoresis (1D-PAGE, 2D-PAGE, 2D-DIGE), liquid chromatography 

(LC/MALDI, LC-MS, LC-MS/MS), 2D-LC or MudPIT, LC-ESI-MS, MS (ESI-MS, 

MALDI-MS, SELDI-MS) combined with mass analyzers (Q MS, TOF MS, FTICR 

MS, MALDI-TOF MS, SELDI-TOF MS, ESI-MS/MS) [96].  

 
Figure 1.2. Experimental approaches used to identify autoantibodies and their target 
antigens 

The biomarkers discovered by the above proteomics approaches are verified using 

specific antibodies. The verification methods utilizing antibodies include WB, 

ELISA, IHC, tissue microarray, forward-phase protein array and reverse-phase 

protein array [99]. 

The development of innovative MS-based proteomic technologies and strategies to 

deeply investigate the cancer cell proteome have revealed a list of potential 

biomarkers [117]. Some of those studies and discovered potential biomarkers are 

listed in Appendices Table A. 
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  Table 1.3. List of promising potential biomarker proteins for BC diagnosis 

Biomarker 
The technology used for 

discovery Type Reference 
RS/DJ-1 Immune response Autoantibody [100] 

P53 Immune response Autoantibody [101-104] 
Hsp60 Immune response Autoantibody [105, 106] 
Hsp90 Immune response Autoantibody [107, 108] 

Mucin-associated Immune response Autoantibody 
[106, 109-

111] 

CA 15-3 Serum profiling Serum protein [112, 113] 

Alpha-2-HS 
glycoprotein 

Nipple aspirate Ductal protein [114] 

Lipophylline B Nipple aspirate Ductal protein [114] 
Beta-globulin Nipple aspirate Ductal protein [114] 
Hemopexin Nipple aspirate Ductal protein [114] 

Vitamin-D binding 
protein 

Nipple aspirate Ductal protein [114] 

Topo2alfa Serum profiling Protein leaking into serum [115] 
EGFR Serum profiling Protein leaking into serum [115] 
Bcl2 Serum profiling Protein leaking into serum [115] 

MGMT Serum profiling Protein leaking into serum [115] 
COX2 Serum profiling Protein leaking into serum [115] 

Osteopontin Serum profiling Protein leaking into serum [115] 

RS-DJ1: Parkinson protein 7, MGMT: O6-Methylguanine-DNA methyltransferase, HSP60: heat shock protein 60, HSP90: 
heat shock protein 90, EGFR: epidermal growth factor receptor, Bcl2: B-cell lymphoma 2, COX2: Cyclooxygenase 2. 
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2. MATERIALS AND METHODS 

Required components of the buffers and solutions used in this study were included in 

Appendices Table B1.  

2.1.  Ethical Approval 

This study was approved by the Ethics Committee of Kocaeli University (approval 

numbers: KOU KAEK 2015/274 and KU GOKAEK 2018/49).  Informed consents 

approved by the institutional ethics committee were obtained from each patient. 
 

2.2.  Procurement and Storage of the Tissues 

The BC tumour and corresponding healthy tissues were collected from the patients 

who were diagnosed with BC at Kocaeli University Medical School General Surgery 

Department and underwent lumpectomy or mastectomy between the years of 2015 

and 2017. Immediately after the removal, the breast tissues were washed with ice-

cold wash buffer, snap-frozen in liquid nitrogen and stored at -80°C. Blood samples 

were collected from each patient (n=100) before the surgery, and healthy volunteers 

(n=20). Collected blood samples were centrifuged at 2000 x g for 10 minutes at room 

temperature. Serum was separated and stored at -80⁰C until analysis. 

2.3.  Patients’ Characteristics 

One hundred female BC patients aged between 30-80 years old and diagnosed with 

invasive ductal carcinoma (IDC) and infiltrative ductal carcinoma were selected, and 

incorporated into this study. The patients did not receive prior treatment such as 

endocrine therapy and/or chemotherapy. Clinical parameters of BC patients can be 

found in Table 2.1. 

2.4. Molecular Subtyping of Tumour Samples  

Molecular subtyping of tumour samples was performed at Kocaeli University 

Medical School Pathology department by analysing expressions of ER, PR, HER2, 
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and Ki-67 proteins. In addition to the mentioned proteins, CK5/6 expression levels of 

eight patients were also analysed at Kocaeli University Medical School Pathology 

Department. The expressions of these proteins were evaluated using routine 

immunohistochemical methods [117]. Based on the expression patterns, the tumour 

tissues were grouped into five different subtypes, namely Luminal A (ER+ and/or 

PR+, HER2-, Ki-67<15%); Luminal B (HER2-) (ER+ and/or PR+, HER2-, Ki-

67≥15%); Luminal B-like (HER2+) (ER+ and/or PR+, HER2+, Ki-67≥15%); HER2-

enriched (ER-, PR-, HER2+); TNBC (ER-, PR-, HER2-) (Table I) [13,18]. In 

overall, Luminal A (LumA), Luminal B (LumB), Luminal B-like HER2+, HER2-

enriched, and TNBC groups consisted of 34, 33, 14, 8, and 11 patients, respectively 

(Table 2.1.). The control group consisted of 100 samples obtained from healthy 

breast tissue of BC patients. Detailed information on clinical parameters of BC 

patients was provided in Appendices Table B2. 

Table 2.1. Clinical parameters of BC patients 

 BC patients (n) 
Molecular subtype  

Luminal A 34 
Luminal B 33 

Luminal B-like HER2+ 14 
TNBC 11 

HER2-enriched 8 
Clinical variables  

Histological tumour type  
Invasive ductal carcinoma 93 

Infiltrative ductal carcinoma 7 
TNM staging*  

I 13 
II 63 
III 22 
IV 2 

Tumour grade**  
1 17 
2 56 
3 27 

 
* American Joint Committee On Cancer. AJCC Cancer Staging Manual, 6th ed. New York: Springer, 2002, p: 227-
228.  
** Bloom HJ, Richardson WW. Histological grading and prognosis in breast cancer; A study of 1409 cases of which 
359 have been followed for 15 years. British Journal of Cancer. 1957. 11 (3): 359–77.  
Scarff RW and Torloni H. Histological typing of breast tumours., International histological classification of tumours, 
2(2) World Health Organization, Geneva. 1968. pp. 13-20. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2073885
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2073885
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2.5. Preparation of Protein Extracts 

Tissue samples were thawed on ice and minced into small pieces (<1.00 mm) and 

centrifuged for 5 min at 10.000 x g to remove the blood and wash solution. 

Approximately 200 µl extraction/rehydration buffer was added onto 0.15 g minced 

tissues and homogenized with Scilogex homogenizer (Rocky hill, CT, USA) for 

about 10 s at 20000rpm, on ice. Further homogenization was achieved with a bead-

beater (Blut blender, Next Advance, Troy, NY, USA) using 0.2-0.8 mm stainless 

steel beads. The homogenates were centrifuged for 15 min at 10.000 x g to obtain a 

crude supernatant which was further centrifuged for 45 min at 15.000 x g to obtain a 

clear protein extract. Protein concentrations were determined by a modified Bradford 

assay (Bio-Rad, Hercules, CA, USA). After protein extraction, tumour tissue protein 

extracts and control tissue protein extracts of BC subtypes were pooled into 10 

groups and each group was named according to its subtype (e.g. LA tumour pool, LA 

control pool). For tumour versus control experiments, every five subtypes from the 

tumour and the control pools were pooled into two groups and named as “tumour 

pool” and “control pool”, respectively. Serum samples of BC patients were also 

pooled in the same manner as protein extracts were pooled. Serum samples belonged 

to healthy volunteers (n=20) were also pooled and named as “control sera pool”. 

2.6. Protein Normalization with a House-keeping Protein 

25 µg of protein from BC subtypes and the control protein pool was separated on 

SDS-PAGE gels and transferred onto nitrocellulose membranes. Actin was selected 

as the house-keeping protein and the blot was probed with an anti-β-actin antibody. 

Bands were visualized with an enhanced chemiluminescence detection system (Bio-

Rad, USA). ImageJ (https://imagej.nih.gov/ij/index.html) was used for the 

calculation of band intensities of actin. Protein concentrations in the pools were then 

recalculated based on the band intensity ratios. 

2.7. 2-DE Analysis 

Protein extracts (500 µg) were loaded onto 11 cm non-linear pH 3-10 immobilized 

pH gradient (IPG) strips (Bio-Rad, USA) by passive rehydration. First dimension 

separation based on isoelectric points was performed with a Protean isoelectric 

https://imagej.nih.gov/ij/index.html
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focusing (IEF) cell (Bio-Rad, USA) using the following conditions: 20 min at 250 V 

with rapid ramp, 2 h at 4000 V with slow ramp, and 8000 V with rapid ramp until a 

total of 25.000 V/h was reached, at 20°C. Following IEF, strips were washed with 

equilibration buffer I for 15 min and then with equilibration buffer II for 15 min at 

room temperature. Second dimension separation based on molecular weights was 

achieved by SDS-PAGE (sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis) (12%) using Criterion Dodeca gel running system (Bio-Rad, USA). 

Gels were stained with colloidal Coomassie Brilliant Blue (cCBB) and visualized by 

VersaDoc4000 MP (Bio-Rad, USA) using QuantityOne software (Version 4.6.7, 

Bio-Rad, USA).  

2.8.  DIGE Analysis 

Protein extracts were pooled in equal amounts and were labelled with CyDye 

minimal fluors using the CyDye™ DIGE Fluor Minimal Labeling Kit (GE 

Healthcare, Chicago, IL, USA). The experiments were carried out in dark. In brief, 

50 µg protein sample was used in each experiment. The pH of the extracts was 

adjusted to 8.5 before labelling and protein pools were incubated with the Cy2, Cy3, 

and Cy5 dyes at 4°C for 30 min. Labelling reactions were stopped by adding 10 mM 

L-lysine. 2X sample buffer was added to the labelled protein samples and the 

labelled samples were combined to perform the routine 2-DE experiment. 

2.9.  Analysis of 2-DE and DIGE Gel Images 

The cCBB-stained 2-DE gels were analysed with PDQuest Advance 2-DE Analysis 

Software (Version 8.0.1 build 055, Bio-Rad, USA) which provided the tools for spot 

intensity calibration, spot detection, and background subtraction. Two separate gels 

were run for each pooled group to minimize the experimental variation. Stain 

speckles were filtered and the standardized areas of interest from all gels were 

warped and matched. The quantity of each spot was normalized by the total valid 

spot intensity using the linear regression model. The statistical significance of image 

analysis was determined by the Student’s t-test (statistical level of p<0.05 was 

considered significant). Protein spots with differences in their expressions more than 

2-fold were selected and excised from the gels using ExQuest Spotcutter (Bio-Rad, 

USA). DIGE gels were also visualized with VersaDoc MP4000 (Bio-Rad, USA) 
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using three different light sources. After automatic spot detection by using PDQuest 

Advance Analysis Software, spots were manually revised with edition tools to 

prevent mismatches. Spot picking was performed using a preparative 2-DE gel. The 

preparative gel was aligned with the DIGE reference image to outline the spots of 

interest selected during DIGE analysis. All selected spots were excised as described 

above. 

2.10.  Cell Culture  

CHO (Chinese hamster ovary cells), SH-SY5Y (human neuroblastoma cells), HeLa 

(human cervical cancer cells) and MCF-7 (human breast adenocarcinoma cells) cell 

lines were purchased from ATCC (Manassas, VA, USA). DP (dental pulp)-derived 

mesenchymal stem cells (MSCs) was purchased from Kocaeli University Stem Cell 

Research Center (KOGEM, Kocaeli, Turkey). The cells were cultured in DMEM 

low-glucose medium supplemented with 10% fetal bovine serum (FBS), 100 µg/ml 

penicillin/streptomycin and 2 mM L-glutamine at 37°C in a humidified 5% CO2 

atmosphere (All supplements were from Lonza, Basel, Switzerland). Primary breast 

adenocarcinoma cells (PCL) were isolated using a commercial kit (Cancer Cell 

Isolation Kit, Thermo Scientific, USA) from a TNBC tissue sample and grown in 

DMEM high-glucose medium supplemented with 10% heat-inactivated FBS, 100 

µg/ml penicillin-streptomycin, 2 mM L-glutamine, and human epidermal growth 

factor (EGF; 10ng/ml) at 37°C in a humidified 5% CO2 atmosphere. Confluent cells 

(70-80%) were washed with phosphate-buffered saline (PBS) three times and 

removed from the plates by scraping. The cell pellet was formed by centrifugation at 

1500 x g for 10 min at 4°C. Mammalian protein extraction reagent (M-PER, Thermo 

Scientific, USA) containing protease inhibitor cocktail (Roche, Indianapolis, IN, 

USA) was added over each cell pellet and cells were homogenized with a bead-

beater using 0.2-0.6 mm stainless steel beads. The soluble protein fraction was 

obtained by centrifugation at 10.000 x rpm for 10 min and 15.000 x rpm for 45 min 

at 4°C.  Protein concentrations were measured as described above. Protein extracts 

were stored at −80°C after snap-frozen in liquid nitrogen.  
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2.11. Immunofluorescence (IF) Microscopy 

Cells were grown on culture plates containing 12 mm poly-D-lysine-coated 

coverslips (Corning, Corning, NY, USA) for IF microscopy. Cells on coverslips were 

fixed with 3% formaldehyde and permeabilized with PBS containing 0.5% Triton X-

100. Anti-GPD1 and anti-MAGL antibodies (Santa Cruz Biotech., USA) were used 

at a dilution of 1:100. Goat anti-mouse Texas Red antibody (T-6390; Thermo 

Scientific, USA) was used as the secondary antibody with a dilution of 1:100. The 

nuclei were stained with DAPI (Molecular Probes, Eugene, OR, USA) (0.5% in 

PBS) and coverslips were mounted on glass slides using Mowiol®. Cells were 

observed with an inverted Olympus CKX41 microscope (Olympus, Tokyo, Japan) 

with appropriate filters. Images were processed using ImageJ software and 

localization of the proteins was assessed.  

2.12. Determination of Serum GPD1 Levels via ELISA  

Serum GPD1 levels were determined using a commercially available ELISA kit 

following the instructions provided by the manufacturer (#MBS9344172, 

MyBioSource, USA). In brief, the positions for the standards and the blank were 

assigned to the wells of the ELISA plate and 50 µL from each standard, sample and 

the diluent (as blank) was added to each corresponding assigned well. 100 µL 

horseradish peroxidase (HRP)-conjugate reagent was added to each well and the 

plate was covered and incubated at 37 ° C for 60 minutes. All wells were washed 4 

times and 50 µL of Chromogen A and 50 µL of Chromogen B solutions were added 

to each well and incubated at 37°C in the dark for 10 minutes. At the end of the 

incubation, 50 µL of stop solution was added to each well to stop the reaction and 

optical density was read at 450 nm within 15 minutes. Protein concentrations were 

determined using the optical density of known standards. 

2.13. Determination of Serum MAGL Levels via ELISA  

Serum MAGL levels were determined using a commercially available ELISA kit 

following the instructions provided by the manufacturer (#MBS167556, 

MyBioSource, USA). In brief, the positions for the standards and the blank were 

assigned to the wells of the ELISA plate and 50 µL from each standard, 40 µL of 
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sample and 10 µL of anti-MAGL antibody were added to each corresponding 

assigned well. 50 µL of streptavidin-HRP was added to each well and the plate was 

covered and incubated at 37°C for 60 minutes. All wells were washed 5 times for 1 

min each and 50 µL of substrate solution A and substrate solution B were added to 

each well and incubated at 37°C and 10 min in the dark. 50 µL of stop solution was 

added to each well and optical density was read at 450 nm within 10 minutes. Protein 

concentrations were determined using the optical density of known standards. 

2.14.  Enhanced-Serological Proteome Analysis (E-SERPA) 

2.14.1.  Determination and optimization of the antigen-capture conditions used 

in E-SERPA 

E-SERPA assay consisted of several experimental steps. The steps of E-SERPA 

included (1) antiboy purification, (2) antibody coupling to the magnetic beads, (3) 

autoantigen capture and (4) elution of the captured antigens. Each step required 

optimization to efficiently capture and identify the target protein (antigen). At this 

point, it is important to note that optimization of E-SERPA assay conditions was 

only possible with the availability of a purified highly specific antibody and its 

purified antigen. In here, a purified in-house produced antibody (Clone 1D11G8) that 

specifically recognized and bound to human CK-MB protein as the antigen was used. 

This antibody was produced in Kocaeli Univesity Antibody Production Laboratory 

during a project that was supported by MARKA (Project no: TR42/13/GPD/1). 

Commercially available CK-MB protein was bought from Lee Biosciences (MA, 

USA). The optimized conditions were mentioned below with the letters in 

parentheses. For the optimization of one variable, all of the other variables were kept 

constant in optimization experiments.   

• Determination of binding buffer (Variable C): Variable C was optimized to select 

a suitable buffer for E-SERPA assay which allows the formation of 

autoantibody/autoantigen complex and reduces non-specific binding. 

• The amount of pure CK-MB protein (amount of antigen in optimization 

experiments) (Variable G, was only used in optimization experiments): Variable 

G was optimized to determine the efficiency of the method.  
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• The amount of antigen (Breast tissue protein extract) (Variable F): The amount of 

antigen was optimized to obtain the sufficient amount of antigenic proteins which 

allow them to be identified by mass spectrometric analysis. 

• The volume of antibody-coupled magnetic beads (Variable A): Variable A was 

optimized to increase the amount of captured antigen. 

• The amount of antibody coupled magnetic beads (Variable B): Variable B was 

optimized to obtain saturated magnetic beads before incubation with antigens and 

to increase the amount of captured antigen. 

• Incubation time for the formation of antibody/antigen complex (Variable D): 

Incubation time was optimized for the efficient formation of the antibody/antigen 

complex. 

• Incubation temperature for the formation of antibody/antigen complex (Variable 

E): Variable E was optimized for the efficient formation of the antibody/antigen 

complex. 

• Elution method (Variable H): Elution method was optimized to separate antigens 

from the antibody/antigen complex at maximum yield and to ensure their 

identification in protein identification step. 

Throughout the optimization experiments, the results of the optimized conditions 

were presented by various methods. Of these methods, SDS-PAGE and WB were 

used to demonstrate that CK-MB protein interacted with CKMB antibody. MALDI-

TOF/TOF and LC-MS/MS were used to demonstrate that CK-MB protein was 

successfully captured and identified by MS analysis. 

2.14.2. Antibody purification  

Antibodies from the tumour and control sera pools were purified via NGC 

Chromatography system (Bio-Rad, USA) using HiTrap Protein G, HP column (#17-

0404, GE Healthcare, USA). Briefly, sera samples were diluted with the binding 

buffer for antibody purification. The column was equilibrated with the binding buffer 

before the sample application. Unbound materials were washed away with 10 

column volumes of binding buffer. Bound proteins were eluted with elution buffer in 

0.5 mL fractions. Neutralization buffer was immediately added to the fractions to 

obtain neutral pH.  
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2.14.3.  Antibody coupling 

Dynabeads® Antibody Coupling Kit (#14311D, Thermo Fisher Scientific, 

Massachusetts, ABD) was used for the coupling of antibodies to the magnetic beads 

following the instructions provided by the manufacturer. In brief, purified antibodies 

were bound to dry Dynabeads® M-270 Epoxy magnetic beads on a roller at 37°C 

overnight using C1 and C2 buffers supplied by the manufacturer (Dilution: 30 μg 

antibody/mg bead). Unbound and/or non-specific materials were removed by 

repeated washing steps. Antibody-coupled beads were then collected using a 

magnetic stand and resuspended in SB buffer supplied by the manufacturer. The final 

bead concentration used in immune capture experiments were 10 mg antibody-

coupled bead/mL. 

2.14.4. Autoantigen capture 

Commercially available buffer (IP buffer, #87787, Thermo Scientific, USA) was 

used for the preparation of immune complexes and the washing steps during immune 

capturing. Patient sera-coupled beads (Ps) from BC patients and control sera-coupled 

beads (Cs) from healthy donors were used to capture antigenic proteins from the 

protein extracts prepared from the tumour (PsT and CsT, respectively) and control 

tissues (PsC and CsC, respectively). 100 μL antibody-coupled beads (Ps or Cs) were 

incubated with 4 mg of tissue protein extracts in 1 mL IP buffer on a rocking 

platform at 4ºC for overnight. Unbound proteins were removed by washing the 

immune complexes with 500 µL IP buffer three times and ultrapure water once. 

Immune complexes were prepared as follows: 

(1) Ps was incubated with the proteins extracted from BC tumour tissues (PsT). 

This complex was formed to capture the autoantigens. 

(2) Ps was incubated with the proteins extracted from control tissues (PsC). This 

complex was formed as the control to determine false positives. 

(3) Cs was incubated with the proteins extracted from BC tumour tissues (CsT). 

This complex was formed as the control to determine non-specific immune 

captures. 

https://www.google.com/search?rlz=1C1SQJL_trTR864TR864&sxsrf=ACYBGNQaAedrrR2CkhZ0wDXfC9p4OvmnlA:1570092762475&q=Waltham&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWNnDE3NKMhJzASq74qtOAAAA&sa=X&ved=2ahUKEwilqvyq2__kAhWMxosKHed4Bp0QmxMoATAYegQIDBAN
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(4) Cs was incubated with the proteins extracted from control tissues (CsC). This 

complex was formed as the control to determine non-specifically captured 

antigens in. 

(5) Ps  (only the coupled beads). This complex was formed to eliminate the 

impurities that may have coupled to the beads and to eliminate the antibodies 

that were co-eluted with the antigen (negative control). 

(6) Cs (only the coupled beads). This complex was formed to eliminate the 

impurities that may have coupled to the beads and to eliminate the antibodies 

that were co-eluted with the antigen (negative control). 

2.14.5. Elution of captured antigens 

To elute immune-captured antigenic proteins from the autoantibody-coupled beads, 

50 mM ammonium bicarbonate (Ambic) containing 6 mM dithiothreitol (DTT) was 

directly added onto the beads. The antigenic proteins were then eluted by incubating 

the beads at 95ºC. 

2.15. In-gel Tryptic Digestion  

In-gel tryptic digestion was performed using the in-gel tryptic digestion kit (Thermo 

Fisher Scientific, USA) according to the instructions provided by the manufacturer. 

The digested peptides were then desalted and concentrated using C18 ZipTips 

(Millipore, Burlington, MA, USA). Peptides were eluted with a matrix solution and 

were spotted onto the MALDI target plate.  

2.16. In-solution Tryptic Digestion 

In-solution digestion was performed according to the manufacturer's instructions 

using ‘in-solution tryptic digestion and guanidination kit (#89895, Thermo Fisher 

Scientific, USA). The protocol can be briefly summarized as follows: 0.025-10 μg 

protein sample was added to 15 μL 50 mM Ambic and 1.5 μL 100 mM DTT mixture. 

The volume was completed to 27 μL and incubated at 95ºC for 5 min. Iodoacetamide 

(IAA) was added to the protein sample with 10 mM final concentration and 

incubated in the dark for 20 min. 1 μL of 100ng/μL trypsin was added to the protein 

sample and incubated for 3 hours at 37ºC.  1 μL of 100ng/μL trypsin was more added 
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to the peptide mixture and incubated overnight at 30ºC. After incubation, the solution 

was vacuum concentrated to dryness and the peptides were dissolved in 0.1% formic 

acid (FA) for the nLC-MS/MS analysis. 

2.17. Tandem Mass Spectrometry (MS/MS) 

2.17.1.  MALDI-TOF/TOF analysis 

Peptide-mass fingerprints (PMFs) were collected using AB SCIEX TOF/TOF 5800 

instrument (AB Sciex, Framingham, MA, USA). The TOF spectra were recorded in 

the positive ion reflector mode with a mass range from 400 to 2000 Da. Each 

spectrum was the cumulative average of 200 laser shots. Ten of the strongest peaks 

of the MS spectrums per spot were chosen for MS/MS analysis. 

2.17.2.  Nano-liquid chromatography-mass spectrometry (nLC-MS/MS) analysis 

The peptides were analysed by nLC-MS/MS using an Ultimate 3000 RSLC 

nanosystem (Dionex, Thermo Scientific, USA) coupled to a Q Exactive mass 

spectrometer (Thermo Scientific, USA). The entire system was controlled by 

Xcalibur 4.0 software (Thermo Fisher Scientific, USA).  

High-performance liquid chromatography (HPLC) separation was performed using 

mobiles phases A and B. Digested peptides were pre-concentrated and desalted on 

trap column. Then the peptides were transferred to an Acclaim PepMap RSLC C18 

analytical column (75 μmx15 cmx2 μm, 100 Å diameter, Thermo Scientific, USA). 

The gradient for separation was 6-20% B in 45 min, 20-40% B in 30 min, 40-90% B 

in 15 min, 90% in 30 min, 90-6% B in 5 min and 6% B for 10 min with the flow rate 

of 300 nL/min. Full scan MS spectra were acquired with the following parameters: 

resolution 70.000, scan range 400-2000 m/z, target automatic gain control “AGC” 

3×106, maximum injection time 60 ms, spray voltage 2.3 kV. MS/MS analysis was 

performed by data-dependent acquisition selecting the top ten precursor ions. The 

instrument was calibrated using a standard positive calibrant (LTQ Velos ESI 

Positive Ion Calibration Solution 88323, Pierce, USA) prior to each analysis.  
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2.18. MS/MS Data Analysis 

2.18.1. MALDI-TOF/TOF data analysis 

All PMFs were searched in the MASCOT database (Matrix Science, Boston, MA, 

USA) using ProteinPilot software 4.0.8085 revision 148085 (AB Sciex, Framingham, 

MA, USA). Search parameters included; human as taxonomy, trypsin as the enzyme, 

±50 ppm as the precursor tolerance, ±0.4 Da as the MS/MS fragment tolerance, and 

carbamidomethyl and MetOxidation as the variable modifications. Only hits with 

p<0.05 value were accepted for protein determination. 

2.18.2. nLC-MS/MS data analysis 

Raw data were analysed with Proteom Discoverer 2.2 (Thermo Scientific, USA) 

software for protein identification and the following parameters were used: peptide 

mass tolerance 10 ppm, MS/MS mass tolerance 0.2 Da, mass accuracy 2 ppm, 

tolerant miscarriage 1, minimum peptide length 6 amino acids, fixed changes 

cysteine carbamidomethylation, unstable changes methionine oxidation and 

asparagine deamination. The minimum number of peptides identified for each 

protein was considered to be 2 and obtained data were searched in the 

Uniprot/Swissprot database. 

2.19. WB Analysis 

Proteins were separated by SDS-PAGE (12%) and transferred onto a nitrocellulose 

membrane (GE Healthcare, Chicago, IL, USA) using a Trans-Blot SD Semi-Dry 

Transfer Cell (Bio-Rad, USA). The membrane was blocked in TBS-T (Tris-buffered 

saline-Tween 20) containing 5% non-fat dry milk for 1 h at room temperature and 

washed with TBS-T for three times before incubation with a primary antibody 

diluted in TBS-T for 1 h at room temperature or overnight at 4°C (See Appendices 

Table B3 for primary antibodies used throughout the study). The membrane was then 

washed three times with TBS-T and incubated with appropriate HRP-labelled 

secondary antibodies (goat anti-mouse #170-5047, goat anti-rabbit #170-5046, Bio-

Rad, USA) for 1 h at room temperature with 1:10.000 dilution). Following 

subsequent three washes with TBS-T, protein bands were visualized with an 

enhanced chemiluminescence detection system (Bio-Rad, USA). Membranes were 
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stripped using RestoreTM WB stripping buffer (#21059, Thermo Scientific, USA) 

when necessary. Either QuantityOne (Bio-Rad, USA) or ImageJ 

(https://imagej.nih.gov/ij/index.html) was used for the relative quantitative 

assessments of the band intensities. 

2.20. Bioinformatics Analysis  

STRING analysis (https://string-db.org) was carried out using the UniProt accession 

numbers of the regulated proteins. The search engine option was set to “multiple 

proteins by names/identifiers” and the organism was specified as Homo sapiens. The 

retrieved proteins were manually checked to assure that they were all correctly 

retrieved from the database. The whole-genome analysis was the preferred choice. 

The setting tab was used to change the stringency of the analysis. The parameters for 

STRING search included interaction score of medium confidence, the selected 

maximum number of interactors for the 1st and 2nd shells of no more than 5 

interactors, active interaction sources of text mining, experiments, databases, co-

expression, neighbourhood, gene fusion and co-occurrence. The hits considered in 

this study had False Discovery Rates (FDR) smaller then 1e-04.  

DAVID analysis (version 6.8; David Bioinformatics Resources, 

https://david.ncifcrf.gov) was carried out using the UniProt accession numbers of the 

regulated proteins. Principal component analysis (PCA) was performed using the 

add-in statistical software XLSTAT (Addinsoft, New York, NY, USA). Average spot 

intensities were exported from PDQuest Advance as tab delaminated Excel data. 

Missing intensities were estimated using mean mode approach in XLSTAT and 

descriptive statistics and correlations were calculated. Venn diagrams were created 

using the online available tool [118]. 

2.21. Statistical Analysis 

2-DE and WB experiments were performed in duplicate. When it was required 

quantitative results were expressed as means±standard deviation. The p-values were 

calculated using one-way analysis of variance “ANOVA” or Student t-tests in 

XLSTAT. All p-values<0.05 were considered statistically significant. Only 

https://imagej.nih.gov/ij/index.html
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significant hits, as defined by the MASCOT probability analysis (p<0.05), were 

accepted. 

2.22. Statistical Analysis for ELISA 

Statistical analyses were carried out using R (Version 3.5.3). All variables were 

expressed as mean±standard deviation. The Mann-Whitney U test was applied to 

determine the statistical significance of the differences between groups. Spearman’s 

rank correlation test was used to evaluate the correlations between groups. In all 

analyses, p-values less than 0.05 were considered as statistically significant.  

2.22.1. Evaluation of the diagnostic performance of the biomarkers 

The diagnostic performance of a biomarker was determined through sensitivity and 

specificity metrics, and the Receiver Operating Characteristic (ROC) curve. Using 

serum levels of proteins, true-positive rate (TPR), true-negative rate (TNR), and 

false-positive rate (FPR) were calculated and used to construct the ROC curve. The 

optimal cut-off level for biomarker quantification was calculated by the Youden 

index.  

2.22.2. Evaluation of the prognostic performance of the biomarkers 

The prognostic capabilities of the biomarkers were identified by using BC RNA-Seq 

dataset obtained from The Cancer Genome Atlas (TCGA) and survival analysis via 

SurvExpress validation tool [119]. In SurvExpress, the samples were partitioned into 

low- and high-risk groups according to their prognostic index. The prognostic 

capabilities of the biomarkers were characterized through Kaplan-Meier plots using 

the overall survival times of patients, the log-rank test, and the hazard ratio (HR).  
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3. RESULTS 

3.1.  Preparation of Protein Pools 

SDS-PAGE gels were run to assess the quality and the quantity of each protein 

extract after measurement of protein concentrations (See Appendices Figure C1 for 

SDS-PAGE gel images). In terms of quality, each sample displayed distinct bands 

without any evidence of smear indicating that the protein extracts required no further 

clean up (Figure 3.1A). WB analysis was performed using the anti-β-actin antibody 

to ensure equal protein loading [120]. ImageJ software was used to determine the 

normalization coefficient. The band intensities were measured by performing 

densitometric analysis on ImageJ software. The protein pools were accurately 

recreated based on WB quantification results (Figure 3.1.B).  

3.2. The Comparative 2-DE Analysis Revealed 13 Proteins That Were 

Differentially Regulated in the Tumour Groups Compared to the Control 

Group 

Well-resolved and reproducible 2-DE gels were produced and subjected to spot 

detection (Figure 3.2.). An average of 750 spots per analytical gel was detected. The 

overall mean coefficient for spot matching was 24%, indicating that the protein 

distribution patterns among the gels were highly similar. Protein spots that 

significantly differed in expression (more than 2-fold) were selected and identified 

by MALDI-TOF/TOF analysis. In Figure 3.3., proteins spots labelled with Uniprot 

accession numbers indicate the positions of the identified protein spots on a 

representative gel. 

 The changes in spot intensities were compared for each tumour protein pool in 

comparison to the control pool (e.g., Luminal A versus control or Luminal B versus 

control), while comparisons between tumour groups (e.g., Luminal A versus Luminal 

B) were not considered in this study. Lists of the identified proteins with their 

respective MALDI scores and their corresponding regulation ratios among the 
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tumour groups over the control group are given in Appendices Table D1 and D2, 

respectively.  

A Venn diagram was created using the accession numbers of differentially regulated 

proteins in each comparative analysis (tumour groups versus the control group) 

(Figure 3.4.). Thirteen shared proteins were differentially regulated in each tumour 

group in comparison to the control (Appendices Figure E1). Those proteins were 

elongation factor 2 (EEF2), 60 kDa heat shock protein (HSPD1), heat shock protein 

90-alpha (HSP90AA1), MAGL, pyruvate kinase (PK), protein disulphide isomerase 

(PDIA1), elongation factor 1-gamma (EEFG1), L-lactate dehydrogenase B chain 

(LDH-B), carbonic anhydrase 1 (CA1), aldo-keto reductase family 1 member C2 

(AKR1C2), GPD1, keratin type II cytoskeletal 8 (KRT8), and keratin type I 

cytoskeletal 19 (KRT19).  

 
Figure 3.1. Assessment of the quality (A) and 
quantity (B) of protein extracts 
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When regulation ratios of these thirteen proteins were analysed, MAGL, LDH-B, 

CA1, AKR1C2 and GPD1 displayed low expression levels while EEF2, HSPD1, 

HSP90AA1, PKM, PDIA1, EEFG1, KRT8 and KRT19 displayed high expression 

levels in tumour groups in comparison to the control group. 

 
Figure 3.2. Images of the 2-DE gels for tumour and control groups 
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Figure 3.3. A representative image showing excised spots 
on a 2-DE gel 

3.3. Comparative DIGE Analysis Revealed 5 Proteins Down-regulated in 

Tumour Tissues Compared to the Control Group 

For DIGE analysis, a separate protein pool representing each tumour subtype was 

formed. This protein pool was then compared with the control protein pool.  Pooled 

protein extracts from the tumour and control samples were labelled with Cye3 and 

Cye5, respectively. The internal control mix (Cye2-labeled), used for normalization, 

was formed by mixing equal amounts of protein from the tumour and control pools. 

In Figure 3.5., representative image for all three Cye dye gel images and the 

superimposed image of all three labelled gels were shown (Images were pseudo-

coloured). Based on the 2-fold change criteria, differentially regulated proteins were 

detected and identified by MALDI-TOF/TOF (Appendices Table D3).  

GPD1 received our attention since it was highly down-regulated in the tumour 

tissues in comparison to control tissues in the DIGE experiment with a similar trend 

observed in 2-DE experiments. Analysis of the regulation ratios indicated down-

regulation of four other proteins in addition to the up-regulated ones but the up-
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regulated and the other down-regulated proteins except MAGL were not closely 

associated in terms of their metabolic roles. On the other hand, MAGL was selected 

as the second most important differentially regulated protein since it is involved in 

TAG metabolism like GPD1. In other words, both proteins directed our attention to 

the changes in lipid metabolism and verification experiments were performed for 

both GPD1 and MAGL [121].  

 
Figure 3.4. Venn diagram representing differentially regulated 
proteins 

3.4. WB Analysis Verified the Changes in GPD1 and MAGL Protein Levels 

The protein pools from the tumour and the control groups were analysed by WB 

using the anti-GPD1 and anti-MAGL monoclonal antibodies. The band intensities 

were measured by performing densitometric analysis using ImageJ software. The 

results indicated low expression levels of both proteins in the tumour pools in 

comparison to the control, verifying the findings of 2-DE and DIGE experiments. 

Moreover, comparisons among the tumour groups revealed that the TNBC group had 

the lowest level of GPD1 and MAGL expression, while the other tumour groups 
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displayed similar GPD1 expression levels (GPD1: >1000-fold difference, p=0.03; 

MAGL: >100-fold difference, p=0.04) (Figure 3.6.). 

Figure 3.5. Representative images of DIGE gels used for comparative analysis of 
the tumour and control group 

 
Figure 3.6. WB analysis of the tumour groups and the control group using anti-GPD1 
(A) and anti-MAGL antibody (B)  

3.5. GPD1 Protein Levels Varied among the TNBC Samples 

To further determine the variation in GPD1 expression levels among individual 

patients in the tumour groups, eight samples from each tumour subtype were selected 

and subjected to WB analyses. The blot was stripped and re-probed with an anti-β-

actin antibody for normalization of the expression levels. The band intensities were 

measured with the QuantityOne software (Figure 3.7.).  Except for the five samples 

of TNBC and three samples of the HER2+ group, GPD1 expression was detected in 

each sample at a similar level in each subtype. However, GPD1 levels in each sample 
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belonging to tumour groups were always lower than the GPD1 levels in the control 

group. For the samples belonging to the TNBC group, 5 out of 8 samples displayed 

extremely low/non-detectable the GPD1 expression and WB experiments were 

repeated to screen all the available TNBC samples (n=11). The results indicated that 

nearly half of the TNBC samples had non-detectable GPD1 expression.  

Each control sample belonging to the TNBC group (peripheral healthy breast tissues 

collected from the same TNBC patients) was also subjected to WB analyses to assess 

the changes in GPD1 levels (Figure 3.8A). Two out of 11 control samples also 

displayed statistically significant low GPD1 levels (p<0.05).  

 
Figure 3.7. The expression level of GPD1 in each tumour group and the control 
group  

(Explanation for Figure 3.7: The letters “P” and “C” designate the patient number and the control pool 
formed by control tissue protein extracts of all individuals, respectively. *p<0.05 and **p<0.01 vs. 
control pool). 



36 
 

 
Figure 3.7 (Continues). The expression level of GPD1 in each tumour group and the 
control group 

(Explanation for Figure 3.7: The letters “P” and “C” designate the patient number and the control pool 
formed by control tissue protein extracts of all individuals, respectively. *p<0.05 and **p<0.01 vs. 
control pool). 

Based on these findings, all TNBC samples (n=11) were selected for further analysis 

by WB using the anti-MAGL antibody to determine the variation in expression levels 

of MAGL among individual patients in the TNBC subtype. Two samples (P2 and P9) 

displayed relatively low levels of MAGL expression, while repeated WB 

experiments using all the TNBC samples confirmed the findings and indicated that 

one-fifth of the TNBC group displayed low-level MAGL expression. 

Each control sample belonging to the TNBC group was also subjected to WB 

analyses to assess the changes in MAGL levels. One out of the 11 control samples 

(P9) displayed a low level of MAGL expression. The corresponding tumour sample 

of P9 also displayed a low level of MAGL expression (Figure 3.8B.).  
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Figure 3.8. GPD1 (A) and MAGL (B) expression levels of TNBC patients 

(Explanation for Figure 3.8: *p<0.05 and **p<0.01 vs. TNBC controls. Data presented as 
mean±SD, n=3). 
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3.6. PCA of the Tumour Groups and the Control Group 

Taking 2-DE spot intensities on every replicate tumour group and the control group, 

the variations were projected onto a two-dimensional space. Therefore, we were able 

to determine which groups were similarly contributing to the variance and which 

groups appeared in a separate region (Figure 3.9.). PCA succeeded to differentiate 

the tumour groups from the control group. PCA also provided the evidence for the 

separation of TNBC from the other BC subtypes, which was indicative of variation 

in their respective protein expression profiles.  

 
Figure 3.9. PCA of BC tumour groups and the control 
group 

3.7. Comparative DIGE Analysis for the GPD1-positive and GPD1-negative 

TNBC Samples 

Analysis of the WB results revealed two subgroups with different GPD1 expression 

levels in the TNBC group. The first group consisted of the samples with low/non-

detectable GPD1 expression (GPD1-) and the second group with moderate GPD1 

expression (GPD1+). This finding led us to perform DIGE analysis to compare 

GPD1+ and GPD1- samples at the proteome level.  Pooled protein extracts from the 

GPD1+ and GPD1- samples were labelled with Cye5 and Cye3, respectively. The 

internal control mix (Cye2-labeled), used for normalization, was formed by mixing 
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equal amounts of protein from the GPD1+/- pools (Figure 3.10.). Based on the 2-fold 

change criteria, differentially regulated proteins were detected and identified by 

MALDI-TOF/TOF. 16 proteins displayed regulation in their expression levels 

(Appendices Table D4).  

 
Figure 3.10. Representative images of DIGE gels used for comparative analysis of 
GPD1+/- group 

3.8.  GPD1 and MAGL Expression in Different Cell Lines 

The expression levels of GPD1 and MAGL were further examined in CHO, SH-

SY5Y, HeLa, DP, MCF-7 and PCL cell lines in vitro. All cell lines expressed both 

proteins when cultured. Among the cell lines, the lowest expression level of GPD1 

was observed in the primary PCL cells which were obtained from a TNBC patient. 

The low GPD1 expression level in this sample was in agreement with our previous 

findings and demonstrated that TNBC samples either lacked or had a low level of 

GPD1 expression (Figure 3.11A.). As to MAGL, its expression levels fluctuated 

among the cell lines (Figure 3.11A.).  

The expressions of the two proteins in the cell lines were also confirmed by IF. 

Results showed a uniform cytoplasmic distribution of both proteins within the cells 

(red colour) (Figure 3.11B.).  

3.9. Serum GPD1 Levels Discriminated Patients with TNBC Subtype from 

the Others 

Serum GPD1 levels were determined in BC subtypes by ELISA. For this purpose, 

serum samples were used to create serum pools as described in materials and 

methods section. The results demonstrated that except the TNBC subtype, serum 
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GPD1 levels in BC subtypes were similar to the levels measured in the control serum 

pool (Figure 3.12.). The TNBC subtype displayed significantly high serum GPD1 

levels.   

Figure 3.11. GPD1 and MAGL expression in different cell lines were assessed by 
WB (A) and IF (B)  

To further investigate serum GPD1 levels in the individual samples (n=11) of TNBC 

subtype, serum samples that used to create the TNBC serum pool were subjected to 

ELISA.  The serum pool created from the serum samples of healthy individuals 

(n=20) was also used as the control group. Determination of GPD1 levels in the 

individual TNBC serum samples showed that serum GPD1 levels were at similar 

levels in the majority of the samples (an average of 3.04 ng/mL) and were lower 

compared to the control group (Figure 3.13.). However, GPD1 levels displayed 

significantly higher levels than the other individuals and the control group in some 

serum samples (P3, P5, and P11 individuals), which eventually caused the TNBC 

subtype to display high GPD1 levels. 

The TNBC individuals with high serum GPD1 levels (P3, P5, and P11) were labelled 

as the outliers during biostatistical analyses and were not included for the data set. 

This prevented the deflection of the results or underestimation of the possible 

significant findings. With the refined input data, a significantly lower GPD1 level in 

the serum samples of TNBC patients were detected in comparison to other BC 

subtypes (Table 3.1.). The differences in expression levels between TNBC and each 

subtype were all statistically significant with HER2-enriched (p=4.73×10-5), LumA 



41 
 

(p=5.46×10-6), LumB (p=8.34×10-5), LumB-like HER2+ (p=0,0206), and Control 

(p=1.10×10-3). In addition, the expression levels of LumB-like HER2+ group was 

statistically lower when compared to LumA (p=8.59×10-4), LumB (p=2.47×10-3), 

HER2-enriched (p=3.70×10-3), and Control (p=0.023) groups (Figure 3.14.).   

 
Figure 3.12. ELISA results showing serum GPD1 levels in BC 
subtypes 

 
Figure 3.13. ELISA results showing serum GPD1 levels in TNBC 
individuals 

Table 3.1. Serum GPD1 levels in BC subtypes and the control group (mean±standard 
deviation) 

Subtype LumA LumB 
LumB-

like 
HER2+ 

TNBC HER2-
enriched Control 

GPD1 
expression 

(ng/ml) 
6.04±0.38 4.72±0.32 2.95±0.22 1.77±1.11 8.41±0.75 5.36± 

0.75 
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On the other hand, there was no statistically significant difference among other 

subtypes. Evaluation of the tissue and serum levels of GPD1 revealed that serum 

GPD1 levels well correlated with the tissue GPD1 expression levels in BC subtypes 

and displayed relatively lower expression levels than the control group. There was no 

correlation between the tissue and serum GPD1 levels among the individual samples 

of TNBC subtype. 

 
Figure 3.14. The comparative analysis of the serum GPD1 protein levels 
among BC subtypes 

3.10. Serum MAGL Protein Levels Discriminated Healthy Individuals from 

BC Subtypes Regardless of the Subtype 

Serum MAGL levels were determined in BC subtypes by ELISA. Serum samples 

were used to create serum pools as described in materials and methods section. The 

results demonstrated that serum MAGL levels in all BC subtypes were significantly 

lower than the control pool (Figure 3.15.). The lowest MAGL level was observed in 

the TNBC serum pool while the control group had the highest MAGL level. The 

results of serum MAGL levels in TNBC individuals are shown in Figure 3.16. 

According to the results, the serum level of MAGL in the TNBC subtype varied 

among the individuals. Serum MAGL levels of 2 individuals (P2 and P6) were the 

same as the control group, whereas all the other 9 individuals (73% of the TNBC 

individuals) had lower levels of MAGL than those in the control group. 
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Figure 3.15. The results of the ELISA assay showing serum 
MAGL levels in the BC subtypes 

 
Figure 3.16. The results of the ELISA assay showing serum 
MAGL levels in TNBC individuals 

The comparative analysis of the serum MAGL levels among BC subtypes and 

healthy individuals indicated a significantly higher MAGL level in the healthy 

individuals in comparison to the serum levels observed in all BC subtypes (Table 

3.2.)  (Figure 3.17.).  The difference in serum MAGL levels between the healthy 

subjects and each subtype were statistically significant with TNBC (p=0.024), LumA 

(p=0.0245), LumB (p=0.0087), LumB-like HER2+ (p=0.0027), and HER2-enriched 

(p=0.0041). The findings pointed out that serum MAGL levels correlated with the 

tissue MAGL expression levels in BC subtypes.  
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Table 3.2. Serum MAGL levels in the BC subtypes and the control group 
(mean±standard deviation) 

Subtype LumA LumB LumB-like 
HER2- TNBC HER2- 

enriched Control 

MAGL 
level 

(ng/ml) 
6.41±0.34 4.19±0.35 3.30±0.68 3.03±0.69 2.57±0.43 10.31±1.22 

 

Figure 3.17. The comparative analysis of the MAGL serum levels 
among BC subtypes 

3.11. Co-evaluation of Serum Protein and mRNA Levels of GPD1 and MAGL 
 

3.11.1. Serum GPD1 protein level was more predictive in discriminating TNBC 

patients than GPD1 mRNA level  

Using the mRNA expression data from TCGA (BC dataset with 155 TNBC, 74 

HER2, 507 LumA, 191 LumB and 34 Control), the mRNA expression levels of 

GPD1 in each subtype were evaluated (Figure 3.18.). A profile similar to the serum 

GPD1 levels was observed in GPD1 mRNA expression levels in BC patients. 

However, when in-group comparisons using the mRNA expression levels were made 

among the subtypes, the differences were significant for only TNBC vs. LumA 

(p=6.22×10-24) and TNBC vs. Control (p=3.81×10-14). There was no statistically 

significant difference among other subtypes except LumA vs. LumB (p=1.50×10-25) 

and LumB vs. control (p=4.79×10-14).  
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Figure 3.18.  Normalized mRNA expression levels of GPD1 
among BC subtypes 

3.11.2. Serum MAGL level instead of mRNA level was more predictive in 

discriminating TNBC patients 

Using the mRNA expression data from TCGA (BC dataset with 155 TNBC, 74 

HER2, 507 LumA, 191 LumB and 34 Control), the mRNA expression levels of 

MAGL in each subtype were evaluated (Figure 3.19.). Both protein and mRNA 

expressions are the lowest in TNBC and highest in the control group. But the 

differences were not significantly clear.  

 
Figure 3.19. Normalized mRNA expression levels of MAGL 
among BC subtypes 
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3.12. The Diagnostic Values of GPD1 and MAGL as Biomarkers 

3.12.1. Reduced serum GPD1 level acted as a potential diagnostic biomarker for 

TNBC 

To assess the performance of GPD1 protein expression as a diagnostic biomarker in 

distinguishing TNBC patients from the patients belonging to the other subtypes, 

ROC curve and area under the curve (AUC) analyses were used (Figure 3.20.). The 

ROC analysis showed that the AUC was 0.948 (95% CI: 0.928-0.968, p<10-3). The 

optimal cut-off value determined by the Youden index was 3.18 ng/mL, and the 

sensitivity and specificity were 95.0% and 77.5%, respectively (Figure 3.21.). In 

other words, patients with GPD1 level less than 3.18 ng/ml can be diagnosed as 

TNBC with 95% sensitivity and of 77.5% specificity.  

 
Figure 3.20. ROC curve and AUC to assess the performance of GPD1 
as a diagnostic biomarker  

3.12.2. Reduced serum MAGL level acted as a potential diagnostic biomarker 

for BC 

To assess the performance of the serum MAGL level as a diagnostic biomarker in 

distinguishing healthy individuals from the BC patients, ROC curve and AUC 

analyses were employed (Figure 3.22.). The ROC analysis showed that the AUC was 

0.980 (95% CI: 0.968-0.992, p<10-3).  
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Figure 3.21. Sensitivity and specificity for GPD1 protein using 
Youden index  

 
Figure 3.22. ROC curve and AUC to assess the performance of MAGL 
as a diagnostic biomarker  

The optimal cut-off value determined by the Youden index was 7.23 ng/mL (Figure 

3.23.), and the sensitivity and specificity were 100.0% and 98.5%, respectively. In 

other words, subjects with serum MAGL levels higher than 7.23 ng/mL can be 

considered as healthy with 100% sensitivity and 98.5% specificity. 
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Figure 3.23. Sensitivity and specificity for MAGL protein using 
Youden index  

3.13. The Prognostic Values of GPD1 and MAGL as Biomarkers 

3.13.1. Elevated GPD1 protein level was correlated with poor prognosis of BC 

To further explore the value of GPD1 in the prognosis of BC, patients’ outcomes 

were analyzed through Kaplan-Meier survival estimator. GPD1 mRNA data obtained 

from TCGA was used to partition the samples into two risk groups displaying low 

GPD1 and high GPD1 levels (Figure 3.24.). The group with higher GPD1 gene 

expression levels received a poor prognosis compared to the low-risk group with 

lower GPD1 levels. (log-rank p=0.065 and HR=1.38) (Figure 3.25.).  

3.13.2. Elevated MAGL protein level was correlated with poor prognosis of BC 

To further explore the value of MAGL in the prognosis of BC, patients’ outcomes 

were analyzed through Kaplan-Meier survival estimator. MAGL mRNA data 

obtained from TCGA was used to partition the samples into two risk groups 

displaying low MAGL and high MAGL levels (Figure 3.26.). The group with higher 

MAGL gene expression levels received a poor prognosis compared to the low-risk 

group with lower MAGL levels (log-rank p=2.2×10-4 and HR=1.93) (Figure 3.27.).  
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Figure 3.24. Box blot graph representing low- and high-risk groups for 
GPD1 

 
Figure 3.25. Correlation between GPD1 mRNA expression levels and 
disease outcome in BC 
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Figure 3.26.  Box blot graph representing low- and high-risk groups for 
MAGL 

 
Figure 3.27. Correlation between MAGL mRNA expression levels and 
disease outcome in BC 
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3.14. Identification of BC-associated Autoantigenic Proteins via E-SERPA 

Assay 

3.14.1. Optimized conditions of E-SERPA assay 

Antigen binding affinity can vary between different antibodies. Moreover, the 

antibodies raised against the same antigen in the same species can vary in their 

binding affinity, stability and pI. Therefore, it is hard to optimize an efficient 

condition for the coupling of antibodies. E-SERPA assay consisted of antibody 

purification, antibody coupling to the magnetic beads, antigen capture and elution 

steps. Thus, each step was optimized to efficiently capture the target proteins, TAAs.  

Optimization results can be summarized as follow: 

• Determination of binding buffer (Variable C): The highest specificity was 

achieved when IP buffer (Thermo Scientific, USA) was used in immune capture 

experiments. 

• The amount of pure CK-MB protein (Variable G): The sensitivity of immune 

capturing was 1 ng of CK-MB per 10 mg ab-coupled bead/mL. 

• The amount of antigen (Breast tissue protein extract) (Variable F): In 

optimization experiments, the amount of breast tissue protein extract did not 

affect the formation of CK-MB antibody/antigen complex. In actual 

experiments, 4 mg breast tissue protein extract was used to obtain and identify 

antigens. 

• The volume of antibody-coupled magnetic beads (Variable A): 100 µL of 

antibody-coupled magnetic beads were sufficient to achieve efficient antigen 

capturing. Thus 100 µL antibody-coupled magnetic beads were used in each 

experiment. 

• The amount of antibody coupled magnetic beads (Variable B): Although 6 µg 

antibody per mg of beads was sufficient for coupling,  the amount of antibody 

was used as 30 µg per mg beads to achieve full saturation and to prevent non-

specific binding. 

• Incubation time (Variable D): Maximum captured antigen was achieved by 

overnight incubation. 
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• Incubation temperature (Variable E): Maximum captured antigen was achieved 

at 4ºC. 

• Elution method (Variable H): To comply with in-solution tryptic digestion 

protocol, the antigen elution was performed at 95ºC with a buffer containing 50 

mM Ambic and 10 mM DTT. Tryptic digestion on the magnetic beads led to an 

increase in the number of identified proteins, however, the majority of the eluted 

proteins were from IgGs which can hamper the identification of antigens. 

Therefore, the eluted antigens were digested separately without the magnetic 

beads. 

The details of the results of optimization experiments were presented in Appendices 

Figure F1-F6. 

3.14.2. Purification of autoantibodies from serum samples 

Affinity chromatography was used for the purification of autoantibodies from sera. A 

representative image showing the elution profile from a purification was presented in 

Figure 3.28. Flowthrough and elution fractions were subjected to SDS-PAGE and the 

gels were stained with cCBB. Imaging of the SDS-PAGE gels revealed that the 

autoantibodies present in the serum were separated from the albumin and other 

serum proteins and successfully purified (Figure 3.29.).  

 
Figure 3.28. A representative image depicting chromatogram of autoantibody 
purification 

 

 



53 
 

3.14.3. Preparation of antibody/antigen complexes 

To perform immune capture experiments, protein extracts prepared from BC tissues 

representing all BC subtypes (LumA, LumB, LumB-like HER2+, TNBC and HER2-

enriched) were used to create a protein pool and this pool was labelled as the tumour 

group. Similarly, a control protein pool was also created from the protein extracts 

prepared from the corresponding healthy breast tissues and this pool was labelled as 

the control group.  

Serum samples of all BC patients were pooled in equal volume and named as patient 

sera “Ps” and serum from healthy individuals (n=20) were pooled in equal volume 

and named as control sera “Cs”. Autoantibodies were purified from these serum 

pools and coupled to magnetic beads as described in the materials and methods 

section. Then six different immune capture experiments were set as Ps, PsT, PsC, Cs, 

CsT, CsC. PsC, CsC and CsT were set as the control experiments. Ps and Cs were set 

as negative control experiments. Only PsT was selected as the group which identified 

TAAs (the tumour tissues proteins that reacted with the purified autoantibodies from 

Ps).  

 
Figure 3.29. A representative SDS-PAGE gel image of the purified 
autoantibodies from a serum sample 

(The abbreviations represent; M, marker (#26610, Thermo Scientific, USA); F1 and F2, 
flowthroughs; F3-F9, purified autoantibodies). 
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3.14.4. Elucidation of TAAs 

3.14.4.1. Identification of TAAs via nLC-MS/MS analysis 

E-SERPA assay was performed to elucidate TAAs by comparing the tumour group 

with the control group. Identified proteins of the control groups (PsC, CsT and CsC) 

were excluded, and the number of identified proteins only in PsT was designated and 

named as ‘exclusive PsT’. Then, identified proteins of the negative control groups 

were excluded from the list of identified proteins in exclusive PsT. This group was 

labelled as TAAs and a total of 64 proteins were identified (Figure 3.30.).  

To evaluate the obtained data, the same proteins with different accession numbers, 

fragment proteins belonging to an identified protein and some serum proteins were 

excluded from the list of identified proteins. Finally, evaluation of the results 

revealed the presence of 9 TAAs in PsT (Table 3.3.). Those proteins were, namely, 

GAPDH, TUBA1C, PPIA, CLU, MIF, SFRS3, POSTN, H4C1 and CCDC13.  

The list of the identified proteins belonged to “Ps, PsT, PsC, Cs, CsT and CsC” was 

presented in Appendices Table G1-G6, respectively.  

Table 3.3. The list of the identified TAAs 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

1 MP P10909 Clusterin 3 1 1 52,5 6,27 

2 MP Q8IYE1 Coiled-coil domain-
containing protein 13 2 1 1 80,8 8,84 

3 MP P04406 
Glyceraldehyde-3-
phosphate 
dehydrogenase 

4 1 1 36 8,46 

4 MP P62805 Histone H4 19 2 2 11,4 11,36 

5 MP I4AY87 
Macrophage migration 
inhibitory factor 
(Fragment) 

8 1 1 12,5 7,88 

6 MP A8K486 Peptidyl-prolyl cis-trans 
isomerase 5 1 1 18 6,9 

7 MP B2R6F3 Splicing factor 
arginine/serine-rich 3 13 1 1 19,3 11,65 

8 MPC B1ALD9 Periostin 2 1 1 90,1 7,94 

9 MPC Q9BQE3 Tubulin alpha-1C chain 3 1 1 49,9 5,1 

(MP: master protein, MPC: master protein candidate, MW: molecular weight, calc. pI: calculated isoelectric point) 
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Figure 3.30. Venn diagram showing the number 
of identified proteins by E-SERPA analysis  

3.14.4.2. Evaluation of the tissue expression levels of TAAs via WB  

The relative tissue expression levels of TAAs were elucidated by comparing the 

tumour group prepared from the tumour protein extracts with the control group 

prepared from the control protein extracts. The changes in the expression levels of 

these proteins and also determined in the pools prepared from protein extracts of BC 

tumour subtypes and their corresponding controls. Protein expression levels were 

normalized using anti-β-actin antibody (Figure 3.31.). The band intensities of TAAs 
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and β-actin were measured by the Quantity software and relative expression levels 

were represented in graphs (Figure 3.32.). 

Among the identified TAAs, four of the proteins, POSTN, SFRS3, PPIA, and H4C1, 

were showed higher expression levels in the tumour groups when compared to 

control groups. The proteins displaying relatively high expression levels in the 

control group were CLU, TUBA1C, and MIF. Expression of GAPDH was similar in 

the tumour and the control groups, and also in all BC subtypes and their respective 

controls. 

 

Figure 3.31. Evaluation of the tissue expression levels of TAAs by WB 
analysis  

(Explanation for Figure 3.31: The numbers 1-15 designate the following: (1) tumour 
tissue protein pool, (2) control tissue protein pool, (3) negative control, (4) MCF-7 cell 
extract, (5) MCF-12A cell extract, (6) LA tumour protein pool, (7) LA control protein 
pool, (8) LB tumour protein pool, (9) LB control protein pool, (10) LB-like HER2+ 
tumour protein pool, (11) LB-like HER2+ control protein pool, (12) TNBC tumour 
protein pool, (13) TNBC control protein pool, (14) HER2-enriched tumour protein 
pool, (15) HER2-enriched control protein pool). 
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Figure 3.32. The graphs representing relative expression levels of TAAs 
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Figure 3.32 (Continues). The graphs representing relative expression levels of TAAs 

58 
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4. DISCUSSION 

4.1.  Evaluation of Proteins Identified by 2-DE and DIGE Approaches 

2-DE and DIGE-coupled to MALDI-TOF/TOF analyses allowed us to elucidate and 

identify several differentially regulated proteins in the breast tumours in comparison 

to their respective control tissues. Using bioinformatics tools and relevant software, 

the differentially regulated proteins were linked to metabolic events, which might be 

associated with the metabolic changes occurring in breast tumour cells. 

Differentially regulated proteins identified in conventional 2-DE experiments were 

subjected to STRING analysis. The analysis created an interactome which led to the 

pathways associated with protein folding and unfolded protein response (UPR) 

(Figure 4.1A.). STRING analysis of the differentially regulated proteins determined 

by DIGE also confirmed the findings of 2-DE, pointing to the pathways associated 

with protein folding and UPR (Figure 4.1B.). Similar to our findings, Pozniak et al. 

reported changes in protein levels associated with UPR [122]. In their study, 

formalin-fixed paraffin-embedded BC tissue samples were analyzed and down-

regulation of UPR-related proteins was found in tumours compared to the control 

tissue. UPR activation indicates the presence of cellular stress related to endoplasmic 

reticulum due to accumulation of unfolded or misfolded proteins [123]. Sustained 

over-activation of the UPR has also been implicated in several different human solid 

tumours [124-128]. In general, UPR is expected in solid tumours because human 

solid tumours contain areas of pure vascular perfusion that causes insufficient blood 

circulation, severe oxygen and glucose deprivations in the tumour microenvironment. 

UPR is expected to protect the tumour cells in response to adverse conditions [129]. 

It has been demonstrated that in anti-estrogen-treated cancer cells, and in cells that 

increased protein production and secretion, UPR activation is mild and protective 

[130]. UPR activation has also been linked to the inhibition of chemosensitivity to 

drugs [131]. Therefore, markers of UPR activation may provide clinical relevance for 

BC therapeutic approaches.  
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Figure 4.1. STRING analysis of the differentially regulated proteins identified via 
2-DE (A), DIGE (B), and DIGE for GPD1+ and GPD1– groups (C) 

Some of the differentially regulated proteins of this study can be linked to carbon 

metabolism. Those proteins include aconitate hydratase (Q99798), malate 

dehydrogenase (P40925), PK (P14618) and LDH-B (P07195). It has been long 

known that cancer cells can reprogram their central carbon metabolism and maintain 

the elevated level of glycolysis to sustain their energy needs and convert glucose to 

lactate [132-135]. During this conversion, PK catalyses the last step of glycolysis 

converting phosphoenolpyruvate to pyruvate. Pyruvate is then converted to lactate by 

LDH to provide sufficient reducing power for energy production [136]. In our study, 
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we observed up-regulation in PK in all BC subtypes in comparison to the control. 

The up-regulation of PK in cancer cells can be linked to higher cell proliferation 

ability and increased anabolic functions [137, 138]. In literature, there is evidence 

indicating that the expression of LDH isoforms differs in healthy and cancerous 

tissues. LDH-A is the isoenzyme which plays the key role in regulating glycolysis in 

tumour cells and carcinomatous tissues possess high LDH-A isoform [139, 140, 

141]. However, the LDH isoform identified in this study was LDH-B (48% sequence 

coverage). So far, there was no report emphasizing the changes occurring at LDH-B 

levels. To the best of our knowledge, this is the first study reported regulation in 

LDH-B levels in all subtypes of BC. 

The role of lipid metabolism has been conferred to explain the aggressive properties 

of malignant cancers [142]. In the literature, dysregulated core enzymes in lipid 

metabolism and their contribution to the cancer cell migration, invasion and 

metastasis have been well established [142-144].  The genes involved in cellular fatty 

acid uptake and de novo lipogenesis are amplified in metastatic tumours and fatty 

acid synthesis plays an important role in cancer pathogenesis [145, 146]. The 

liberated stored fatty acids and the newly synthesized fatty acids are rapidly 

incorporated into neutral-lipid and phospholipid stores. Here, two differentially 

regulated proteins, namely MAGL and GPD1 helped us to establish an association 

between triglyceride metabolism and BC.     

GPD1 is a member of the NAD+-dependent dehydrogenase family and plays a 

critical role in carbohydrate and lipid metabolism by catalysing the reversible 

conversion of dihydroxyacetone phosphate “DHAP” and reduced nicotinamide 

adenine dinucleotide  “NADH” to glycerol-3-phosphate and NAD+ [147, 148]. 

Based on the Human Protein Atlas, GPD1 expression can be detected in most 

malignant tumours including renal and hepatocellular carcinomas, malignant gliomas 

and prostate cancers (http://v15.proteinatlas.org/ENSG00000167588-GPD1/cancer).  

The relative expression levels of GPD1 among 20 different cancer types indicate that 

GPD1 is moderately expressed in BC tissues compared to other cancer types. In the 

present study, we found that GPD1 was highly down-regulated in all BC subtypes in 

comparison to the control. Also, the lowest GPD1 expression was detected in the 
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TNBC subtype. In fact, in some TNBC samples, GPD1 expression could not be 

detected at all. This was in line with a recent study by Zhou et al. demonstrating that 

the mRNA expression level of GPD1 was found to be significantly down-regulated 

in BC patients [149]. The same study revealed several important findings including 

higher GPD1 expression levels in receptor (ER and PR) positive and HER2 negative 

subtypes, shorter survival time in patients with low GPD1 expression, prognostic 

GPD1 value for ER-positive tumours, significant down-regulation at GPD1 mRNA 

levels in BC cell lines and significant down-regulation in GPD1 protein levels in BC 

cell lines and tissues [149]. In the present study, we have observed similar GPD1 

protein expression levels in all BC subtypes, except the TNBC. Luminal A displayed 

the highest GPD1 expression at the protein level. The lowest level of GPD1 protein 

expression was observed in TNBC samples, implicating that not only HER2 

reactivity but also ER/PR positivity is associated with GPD1 expression levels. 

Analysis of GPD1 expression levels in each sample revealed some variation among 

the individual samples, mainly in TNBC and HER2+ groups. This variability is an 

expected result considering the heterogeneous nature of BC subtypes. BC is a 

heterogeneous disease that differs greatly among different patients (inter-tumour 

heterogeneity) and even within the same tumour sample (intra-tumour heterogeneity) 

[150]. Some of the samples in the TNBC group had either no or barely detectable 

GPD1 expression; thus, TNBC samples were suggested to be divided into two 

different groups, GPD1+ and GPD1-.  

TNBC represents 12-15% of all BCs [151]. Its molecular heterogeneity is reflected in 

a significantly different clinical outcome among other subtypes. Mostly, this subtype 

is much more aggressive causing distant metastasis [152]. Therefore, it is necessary 

to establish a detailed classification for the TNBC subtype. Statistically, high 

percentages of TNBC belong to the basal-like BC group which has a high mitotic 

index and high histological grade [153, 154]. Basal-like BC is identified by a variety 

of immunohistochemical markers, such as cytokeratins (CK5, CK6, CK14 or CK17), 

EGFR, SMA, p-cadherin, p63 or c-kit antigen [155]. Herein, we were curious about 

whether GPD1 negative or positive samples represented the basal-like BC. Using 

CK5/6 expressions in eight of those samples, the coherence between CK5/6 and 

GPD1 expressions were evaluated (Table 4.1.). Except for one sample, there was an 
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inverse correlation between CK5/6 status and GPD1 expression levels in TNBC 

individuals. Samples which lacked GPD1 expression had positive IHC staining for 

CK5/6, while the samples which expressed GPD1 were negative for CK5/6 staining. 

This finding indicated that GPD1 may be a good candidate biomarker to differentiate 

basal-like BC from other TNBC subtypes [154].  

Table 4. 1. Tissue and serum levels of GPD1 and MAGL, and tissue CK5/6 status 

Patient 
# 

Staining 
pattern for 

CK5/6 

CK5/6 
status 

Tissue 
GPD1 

expression 

Serum 
GPD1 
level 

Tissue 
MAGL 

expression 

Serum 
MAGL 

level 
P1 20%-strong positive - low + low 
P2 negative negative + low Low high 
P3 NT* NT* + high + low 
P4 20%-strong positive - low + low 
P5 60%-strong positive - high + low 
P6 <10%-weak negative + low + high 
P7 80%-strong positive - low + low 
P8 NT* NT* + low + low 
P9 NT* NT* - low Low low 
P10 negative negative + low + low 
P11 20%-strong positive + high + low 

 

The results of comparative DIGE experiments with GPD1+ and GPD1- samples 

revealed the presence of 16 differentially regulated proteins. STRING analysis with 

the differentially regulated proteins indicated a significant change in the glycolytic 

process (FDR of 8.56e-05) (Figure 4.1C). The glycolytic proteins that displayed 

down-regulation in GPD1+ samples in comparison to GPD1- samples were LDH, PK, 

phosphoglycerate kinase 1 and alpha-enolase. The heterogenic complex nature of 

TNBC may likely require flexible cell metabolism in which non-enzymatic functions 

of most glycolytic enzymes may offer important contributions [156].  Future studies 

should consider whether the changes in the levels of these glycolytic enzymes may 

help TNBC cells to sustain their growth. 

It is known that de novo fatty acid synthesis is significantly increased in tumour cells. 

On the other hand, normal cells are primarily taken fatty acids from dietary sources 

[146, 157]. MAGL is an enzyme of fatty acid metabolism and responsible for the 

breakdown of monoacylglycerols (MAGs) to free fatty acids (FFAs) [158]. MAGL is 
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best recognized for its role in degrading endogenous 2-arachidonoylglycerol in the 

brain and the peripheral tissues [158]. It is considered to be one of the key enzymes 

which regulate the network of FFAs in numerous aggressive tumours such as 

colorectal cancer, neuroblastoma and nasopharyngeal carcinoma [159-161]. In our 

study, we have identified MAGL as one of the regulated proteins in BC subtypes. 

Our 2-DE results demonstrated that MAGL was down-regulated in all BC subtypes 

in comparison to the control. More specifically, the TNBC subtype showed the 

lowest MAGL expression compared to the other BC subtypes. This finding 

supported the fact that tumour cells use de novo fatty acid synthesis rather than 

hydrolysis of neutral lipid stores. However, Nomura et al. demonstrated a compelling 

result for lipid metabolism in tumour cells that MAGL was highly expressed in 

aggressive human cancer cells and primary tumours [162]. They stated that increased 

aggressiveness of cancer cells requires increased lipid synthesis by the lipolytic 

pathway to liberate stored fatty acids by MAGL. Aggressive cell lines displayed 

much greater in vitro migration and in vivo tumour growth rates in comparison to 

their non-aggressive counterparts. Moreover, inhibition of MAGL demonstrated that 

aggressive cancer cells display highly elevated MAG activity, most of which comes 

from the MAGL enzyme. Blocking MAGL by either siRNA or an inhibitor reduced 

in vitro migration, invasion, and cell survival under serum deprivation; while over-

expression of MAGL in non-aggressive cancer cells increased their pathogenicity. 

The work by Nomura et al. opened a way to investigate whether MAGL could be a 

potential therapeutic target and prognostic indicator for various cancer types [158]. 

Contrary to the results by Nomura et al., our study demonstrated a decrease in the 

MAGL expression level in the tumour tissues compared to their corresponding 

control tissues. This conundrum cannot be explained with the current knowledge 

about the known function of MAGL. The complex interplay between oncogenic 

signalling and lipid metabolism and the large spectrum of lipid functions at both the 

cellular and organismal level require a more detailed understanding of the alterations 

in lipid metabolism in cancer. A possible reason to explain the controversy between 

our data and that reported by Nomura et al. could be that they performed activity-

based proteomic analysis and did not monitor the changes in MAGL protein levels 

while we performed non-functional proteomic analysis and only determined the 

changes in MAGL protein levels. MAGL overexpression causes a significant 
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reduction in MAGs and elevation in FFAs [158]. Based on this knowledge, we 

propose that the in vivo aggressiveness of cancer cells depends on the level of MAGs 

rather than the level of FFAs. However, currently, there is no supporting data for our 

proposal in the literature. Despite the recent research indicating the relationship 

between MAGL and the tumour progression, the mechanism of pro-tumour activity 

of MAGL is still unknown. The data presented here raised a point for MAGL to be a 

candidate therapeutic target and prognostic indicator for BC. Histological 

examination of tissue samples may be useful for clinical application of MAGL for 

BC diagnosis and subtyping. It may be worth investigating the changes in serum 

levels of MAGL to develop a more reliable and convenient clinical test for BC 

diagnosis and prognosis.  

4.2.  GPD1 and MAGL Can Be Useful BC Biomarkers 

The aim of this study was to identify BC-associated biomarkers. With the use of gel-

based mass spectrometric approaches, the roles of GPD1 and MAGL proteins in BC 

metabolism and their contributions to cancer metabolism have been discussed and 

they were proposed as the potential biomarkers for BC. To strengthen our proposal 

that GPD1 and MAGL were BC-associated biomarkers, their serum levels were also 

determined by ELISA. The comparative analysis of the serum GPD1 and MAGL 

levels among the BC subtypes indicated a significantly lower expression level in 

TNBC when compared to other BC subtypes. This finding was in agreement with the 

findings of 2-DE and WB analyses.  

Most of the BC markers in use today have low sensitivity and specificity. For 

example, CEA, one of the most commonly used biomarkers, has a sensitivity of 95% 

with 15% specificity [163]. Similarly, CA 15-3, soluble form of MUC-1 protein and 

widely used serum marker for BC, has a sensitivity of 95% with 23% specificity 

[163]. In here, patients with GPD1 protein expression level less than 3.18 ng/mL can 

be diagnosed as TNBC with 95% sensitivity 77.5% specificity. The ELISA results 

indicated that the serum GPD1 showed higher diagnostic performance for BC 

patients compared to the ones used in clinics today. These findings were also in 

agreement with the transcriptome data extracted from TCGA. However, monitoring 

the serum GPD1 levels rather than mRNA levels was more predictive in 
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distinguishing BC patients with TNBC subtype. The prognostic role of GPD1 in BC 

patients was analyzed through Kaplan-Meier survival analysis using mRNA 

expression data. Patients with higher GPD1 gene expression levels received a poor 

prognosis compared to the low-risk group with lower GPD1 levels. Although GPD1 

have high potential as a diagnostic biomarker for BC, its prognostic potential does 

not represent the same. The comparative analysis of the serum MAGL levels among 

BC subtypes and healthy subjects indicated a significantly higher level in the control 

group. When the serum levels were compared with the MAGL mRNA levels, it was 

observed that serum MAGL level was more predictive in discriminating the healthy 

subjects from BC patients. According to ROC analysis results, subjects with MAGL 

protein expression level higher than 7.23 ng/mL can be determined as healthy with 

100% sensitivity 98.5% specificity. This data shows that MAGL has high potential 

as a diagnostic biomarker for BC. 

4.3.  Immunoproteomics Led to the Identification of TAAs 

Immunoproteomics is a widely used technique where the target proteins are captured 

by the autoantibodies that bound to a solid matrix [164]. In this study, proteins 

extracted from BC tumour tissues were used as the target proteins and antibodies 

purified from the serum samples of BC patients were used as the autoantibodies to 

capture BC-associated antigenic proteins. In general, autoantigens are in much lower 

amounts than autoantibodies and hard to capture and identify [164]. Therefore, a 

powerful technique, called E-SERPA, was used to capture TAAs. The captured 

antigenic proteins were then identified by nLC-MS/MS analysis. Evaluation of the 

nLC-MS/MS results revealed the presence of 9 TAAs (only in PsT). Those proteins 

were, namely, GAPDH, TUBA1C, PPIA, CLU, MIF, SFRS3, POSTN, H4C1 and 

CCDC13. Expressions of these proteins in BC tumour and control pools were 

investigated by WB. The WB analysis was extended to cover the pools of BC 

subtypes as well. Among these proteins,  the expressions of SFRS3 and POSTN were 

significantly upregulated in all BC subtypes compared to their corresponding 

controls. PPIA and H4C1 are the other upregulated proteins with less significance. 

Contrary to that, expressions of CLU, MIF and TUBA1C were higher in the control 

tissues compared to the tumour tissues. The GAPDH expression was nearly the same 
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in all BC subtypes and their corresponding controls. The expression of CCDC13 was 

not determined in the tumour and control tissues. 

POSTN, also designated as an osteoblast-specific factor, is a 93 kDA matricellular 

glycoprotein secreted by cancer-associated fibroblasts [165, 166]. It has roles in the 

promotion of cancer initiation and progression [167, 168]. Its overexpression has 

been stated in a wide range of cancer types, including BC, glioblastoma, colon, 

gastric, and pancreatic cancer [169-175]. Also, overexpression of POSTN in 

epithelial cells of BC is associated with poor survival rates [165, 176]. The 

relationship between the expression of POSTN in the prognosis of BC and cancer 

stem cells have been studied by Lambert et al. in basal-like BC [177]. They found 

that POSTN was highly expressed in basal-like stem cells and associated with 

reduced survival rates. In addition, knockdown of POSTN revealed that POSTN 

expression was required for cells to maintain cancer stem cell phenotypes. In another 

study, Vardaki et al. [178] used mammary epithelial carcinoma cells lines to picture 

their exosomal protein profiles. LC-MS/MS analysis of exosomes revealed that the 

majority of the exosomal proteins have functions in adhesion and migration. The 

highly enriched proteins in exosomes were integrin and POSTN. They validated their 

in vitro findings in the extracellular vesicles of plasma of 14 BC patients and 

hypothesized that accumulation of POSTN in exosomes help cells to maintain cancer 

stem cells properties. In here, POSTN has been identified as TAA by nLC-MS/MS. 

This finding supported the current knowledge that POSTN is expressed at higher 

levels in BC epithelial cells than in healthy tissues. In this study, the tissue 

expression level of POSTN was significantly higher in the tumour tissues than the 

controls as demonstrated by WB. POSTN expression was also significantly high in 

all BC subtypes implying that the higher levels of POSTN expression were 

irrespective of BC subtypes. It is important to note here that POSTN could be a 

sensitive tissue-based diagnostic biomarker since there was almost no expression of 

POSTN in the control tissues.  

SFRS3 is the smallest member of the serine/arginine-rich protein family [179]. SFSR 

members have roles in RNA metabolism including regulation of transcription and 

alternative splicing of precursor mRNA [180-181].  95% of the human genes are 

alternatively spliced [182] and misregulation of alternative splicing has been linked 
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to diseases including a wide variety of cancers [183-185]. Stickeler et al. have 

studied the role of precursor mRNA splicing in human malignancies using the in vivo 

mouse model of mammary development and tumorigenesis [186]. They found that 

the expression levels of serine/arginine-rich proteins are regulated in mammary 

adenocarcinomas. Kurokawa et al. studied SFRS3 knockdown in colon cancer [187]. 

They found that knockdown of SFRS3 induced G1 arrest and apoptosis and stated 

that SFRS3 can have an essential role in tumour growth. Knockdown of SRSF3 has 

been studied by other researchers and they also stated the role of SFRS3 in the 

apoptosis of cancer cells [188, 189]. Overexpression of SFRS3 has been stated in 

human ovarian cancer [179]. The researchers suggested that SFRS3 is a regulator in 

DNA repair in ovarian tumour cells and SFRS3 overexpression is necessary for 

ovarian tumour cell survival and growth. In here, SFRS3 has been identified as the 

target protein for the immune system. Analysis of the tissue expression levels 

showed that there was no detectable level of SFRS3 expression in the control pools. 

SFRS3 expression was detected in each BC subtype. The relative tumour tissue 

expression levels of SFSR3 compared to their control groups were higher in TNBC 

and HER2-enriched subtypes. The role of SFRS3 in alternative splicing may cause 

tumour cells to grow in BC, especially in the aggressive TNBC subtype. 

PPIA mediates normal and malignant mammary gland differentiation by regulating 

the Jak2/Stat5 pathway [190]. It is a cytosolic protein known to bind to the 

immunosuppressive drug cyclosporine A [191]. Its expression in various cancers 

such as pancreatic, lung and oral squamous has been stated by different studies. [192-

194]. PPIA expression also contributes to the proliferation of vascular endothelial 

cells [195]. In a study, Theuerkorn et al. stated that the overexpression of PPIA in 

tumour cells can lead to cell transformation by suppressing apoptosis [196]. This data 

was stated in former research which studied the growth of endometrial carcinoma 

HEC-1-B cells. They showed that the growth of tumour cells was inhibited by the 

down-regulation of PPIA and PPIA induced apoptosis in endometrial tumour cells 

[197]. Fujioka et al. investigated the paclitaxel resistance in MCF-7 human BC cells 

and its paclitaxel-resistant subclone (MCF-7/PTX) using gel-based proteomics 

approaches [198]. They found that paclitaxel-resistant cells showed overexpression 

of PPIA compared to normal MCF-7 cells. siRNA-mediated knockdown of PPIA 
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caused the resistant cells to be sensitive to the drug. They hypothesized that PPIA 

had roles in regulatory cell death metabolism and paclitaxel resistance. Based on 

their findings, PPIA was suggested to be a prognostic biomarker. In here, PPIA was 

identified as TAA in BC, and its overexpression in cancer cells was confirmed by the 

presented results. The tissue expression level of PPIA was higher in all BC subtypes 

compared to their corresponding controls. But the tumour tissue expression levels 

compared to their control groups were higher in TNBC and HER2-enriched 

subtypes. 

Histone proteins, H2A, H2B, H3 and H4, are highly conserved proteins that 

constitute the core component of the nucleosome [199]. They have roles in the 

regulation of gene expression by stimulating the encoding of epigenetic information 

[200]. The identified histone family member in here was H4C1. Histones and their 

variants can undergo changes by different post-translational modifications (PTMs), 

such as methylation, acetylation, glycation and ubiquitination [201]. PTMs have 

important roles in the regulation of cellular events by creating various stimuli in the 

cell [202]. Some histone PTMs are linked to a wide range of cancers, including BC 

[203, 204]. Perri et al. studied the histone PTMs in BC cell lines using gel-based MS 

and identified 85 histone PTMs [199]. They found that H1 tyrosine phosphorylation 

levels were high in BC cell lines compared to the non-cancerous cell line and 

proposed Focal adhesion kinase as a candidate for H1 tyrosine phosphorylation. 

Taken into consideration that Focal adhesion kinase is overexpressed in BC and 

contributes to its tumourigenesis, they suggested that H1 tyrosine phosphorylation 

can be novel PTM which drives breast tumorigenesis [199]. It is known that 

glycosylation of proteins plays critical roles in the regulation of protein structure 

[205], signal transduction [206], cell-cell and cell-environment interactions [207], 

immune responses [208, 209], and cancer progression [210].  Zheng et al. studied in 

vitro and in vivo histone glycation and revealed a regulation mechanism for DJ-1, a 

histone deglycase. DJ-1 has a key role in recovering glycosylation-induced damage 

in cells [201]. They showed that BC tumours expressed high levels of DJ-1 and had 

strong histone glycation, especially in basal cells. In this study, H4C1 was identified 

as TAA in BC. The relative tumour tissue expression levels of H4C1 compared to 
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their control groups were higher in Luminal B and Luminal B-like HER2+ than 

TNBC and HER2-enriched subtypes. 

CLU protein is a heterodimeric chaperon-like glycoprotein [211]. It possesses 

multiple functions in lipid transport, membrane recycling, cell adhesion, and 

programmed cell death [211]. Three different proteins are the products of CLU gene: 

nuclear CLU “nCLU” which promotes cell death, secreted CLU “sCLU” which 

prevents cell death, and cytoplasmic CLU “cCLU” with multiple functions [211-

213]. Based on its different roles and locations, expression of CLU protein was 

down-regulated in several cancer types displaying a pro-apoptotic role and was up-

regulated in several cancer types displaying a suppressor role in apoptosis [214-216]. 

Ranney et al. studied the role CLU in BC using MDA-MB-231 and MDA-MB-435S 

cells lines and found that after DNA damage, the intrinsic apoptotic pathway was 

suppressed by CLU by limiting cytochrome release [212]. Suppression of apoptosis 

had a negative effect on chemotherapy and reduced its effectiveness. Wang et al. 

determined the CLU expression profiles of TNBC patients who had neoadjuvant 

therapy before surgery by comparing tumour and stromal stainings using 

immunohistochemical staining approach [217]. Based on the results, CLU expression 

profiles were differed in tumour and non-tumourous cells; while CLU was expressed 

only in the lobules in the lobules of non-cancerous tissue, and the staining was 

homogenous and membranous in the tumour tissue. CLU expression in tumours does 

not correlate well with the treatment outcome. However, stromal CLU expression 

was shown to be significantly associated with neoadjuvant therapy in TNBC patients. 

They concluded that CLU expression is important in cancer progression. In here, 

CLU protein was identified as TAA by the E-SERPA method. Further analysis of 

CLU expression in the tumour and control tissues of BC subtypes showed that the 

control tissues had higher levels of expression than the tumour tissues. The lowest 

CLU expression was detected in HER2-enriched subtype. Considering the pro-

apoptotic role of CLU when it is being down-regulated, we might predict that CLU-

associated cellular pathways are regulated to encourage apoptosis in all BC subtypes.  

Further research may correlate the down-regulation of CLU with its pro-apoptotic 

function in BC subtypes. 
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MIF is a homotrimer, pro-inflammatory cytokine and a multifunctional protein. It has 

multiple effects on immune cells, inflammation and cancer [218]. There are two 

forms of MIF, intracellular and extracellular [219]. Thongwatchara et al. investigated 

the protein expression levels of BC patients with axillary lymph node metastasis and 

node-negative breast carcinoma using gel-based LC-MS/MS. They found that MIF 

was down-regulated in the metastatic axillary lymph node. Avalos-Navarro et al. 

investigated the plasma levels of 150 BC patients and 60 healthy volunteers and 

found that MIF expression levels in plasma were significantly high in BC patients 

compared to controls [218]. There are other studies investigated MIF serum levels in 

various types of cancers including BC and they all reported a significant increase in 

MIF levels compared to the levels observed in healthy volunteers [220-227]. Xu et 

al. used showed tissue microarray technology and showed that MIF is overexpressed 

in BC patients at the mRNA level [221]. They stated that 30% of the patients showed 

high MIF expression in their tumour tissue. The high MIF expression level showed a 

significantly worse disease-free survival compared to low levels. The overall 

conclusion of Xu et al. was that MIF could be a therapeutic target in BC. Using gene 

array technology, Burnett et al. studied the role of tumour-associated macrophages in 

tumour progression in MCF-7 cells, tamoxifen-treated MCF-7 cells and MCF-7 cells 

co-cultured with macrophages [228]. They reported the presence of two forms of 

MIF as extracellular and intracellular in co-cultured MCF-7 cells. The observation 

was linked to the covalent modification of one form. They commented that MIF of 

macrophages, down-regulated, can be protective for cancer cells and MIF in cancer 

cells, up-regulated, can be adaptive. The two forms of MIF, intracellular or 

extracellular expression, was also reported in human BC tissues by Verjans et al. 

[229]. In our study, MIF was identified by nLC-MS/MS as TAA. In contrast, the 

tissue expression levels of MIF was higher in control tissues than the BC subtypes. It 

can be inferred from the studies mentioned above that the role of MIF in BC has 

different effects on metabolism, and needs to be explored in detail. 

TUBA1C is a structural protein and an important component of the cytoskeleton. An 

important part of cytoskeleton consists of microtubules formed by polymerization of 

alpha- and beta-tubulin [230]. Based on their critical functions in cell division and 

various cellular functions, tubulins draw attention as tumour targets for cancer 
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therapy [231].  The role of tubulins in cancer metabolism have been investigated 

through altering tubulin structure via microtubule stabilizers and destabilizers. 

Sakchaisri et al. identified a novel antimitotic agent named STK899704 that binds to 

tubulin and inhibits its polymerization which eventually leads to cell death and 

causes cell cycle arrest during mitosis. STK899704 was found to be inhibited the 

tumour growth via suppressing the proliferation of cancer cells of various origins 

(skin, bone, breast, colon, lung, prostate, stomach, brain and liver). STK899704 was 

then proposed as a novel tubulin-depolymerizing and a potential anti-cancer agent 

[231]. Other natural or chemically synthesized compounds that affect tubulin 

polymerization and thus cancer progression were reported in the literature. For 

instance, resveratrol displayed an anti-cancer activity via inhibition of tubulin 

polymerization [230]. In their study, Mu et al. identified stromal proteins of the 

tumour microenvironment [232]. Ingenuity Pathway Analysis with differentially 

regulated proteins showed that cancer is the main disease that linked to the regulated 

proteins by biological functions. Tubulin destabilization is not restricted only to the 

use of exogenous compounds. PTMs can also destabilize tubulin polymerization and 

affect cellular viability [233-235]. Liao et al. reported that acetylation of alpha-

tubulin leads to apoptosis of cancer cells [236, 237]. APOC1P1-3 could bind to 

tubulin and decrease α-tubulin acetylation. This leads to the inactivation of caspase-3 

and finally to inhibition of apoptosis. This study demonstrates that overexpression of 

APOC1P1-3 can inhibit BC apoptosis [238]. In here, TUBA1C was identified as a 

TAA and captured in BC tumour tissues. Hence, the expression level of TUBA1C 

was higher in the control groups of BC subtypes compared to tumour tissues. At first, 

this observation might appear obscure since tubulin was solely captured by the 

autoantibodies purified from the patients’ sera. However, it should be kept in mind 

that the property of being a TAA has no relation with its tissue concentration. A 

protein with low tissue concentration may well have an antigenic property and vice 

versa.     

GAPDH is the key enzyme of glycolysis and serves to break down glucose for 

energy [239]. Although GAPDH is a key housekeeping enzyme and expressed 

constitutively in cells, it actively involves in cancer metabolism. The uncontrollable 

growth of cancer cells prevents them to use aerobic respiration and utilize the 
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tricarboxylic acid cycle (TCA) effectively [132]. Even if the cancer cells are able to 

perform aerobic respiration, the limited oxygen availability in the tumour 

microenvironment prevents the TCA cycle to work. The tumour cells then have to 

solely rely on the glycolytic pathway to meet their energy requirement. In tumour 

cells, the glycolytic enzymes perform not only their housekeeping duties but also 

different roles in the cell. Many cytoplasmic metabolic enzymes are known to be 

relocated into the nucleus and performed other duties rather than their catalytic 

activities, a phenomenon called moonlighting [240]. For instance, several glycolytic 

enzymes including hexokinase, phosphoglucose isomerase, glyceraldehyde 

triphosphate dehydrogenase and GAPDH were shown to moonlight. In here, 

GAPDH was identified as a TAA. Several studies related to GAPDH were examined 

in many cancers. Elkhalfi et al. studied the expression of GAPDH in cervix, breast 

and prostate tumours [241]. Using immunohistochemical approaches, they showed 

that in all tumour types, GAPDH was overexpressed mainly in the nucleus and 

spread throughout the cell. Besides, in benign tissues, it was mainly expressed in the 

membrane and/or cytoplasm. This was a notable finding since GAPDH is known to 

be a cytosolic protein in healthy cells.   They speculated that GAPDH may perform 

an unknown function in the nucleus and the nuclear form of GAPDH may be 

different than the cytosolic form. More relevant to our study, Revillion et al. studied 

the expression of GAPDH in MCF-7 human mammary epithelial cells in the 

presence of oestradiol and the primary BCs [242]. Quantitive results of reverse 

transcription-polymerase chain reaction  (RT-PCR) showed that GAPDH gene 

expression was inversely correlated with the oestradiol levels in primary BCs, 

whereas in MCF-7 human BC cells GAPDH expression was induced by oestradiol. 

As a result, they concluded that GAPDH is associated with cell proliferation and 

tumourigenesis in BC. In here, GAPDH was among the identified TAAs. The 

expression levels of GAPDH were monitored by WB analysis. The results showed 

that GAPDH expression levels were nearly equal in all BC subtypes and their 

corresponding controls. This finding was notable since GAPDH was solely captured 

by the autoantibodies purified from the patients’ sera. It is possible that the cellular 

form of GAPDH that induces autoantibody production by the host is much different 

than the well-known cytoplasmic form of GAPDH. It is even likely that GAPDH is 

secreted into the bloodstream via the tumour cells after a vigorous modification. All 
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these possibilities are needed to be searched for.  It can be hypothesized that not the 

amount of GAPDH in the cells but the localization of it causes the immune response 

and lead to the production of autoantibodies against GAPDH. 

CCDC13 is a centrosomal protein which functions in the formation of primary cilia 

and genome stability [243]. Although there are not many cancer-related studies about 

CCDC13, there are studies including other members of the protein family. In a study, 

Hu et al. studied the expression of CCDC34 in oesophageal squamous cell carcinoma 

using the immunohistochemical technique in 100 cancer cases and 80 cases of 

corresponding control tissues [244]. They stated an up-regulation of CCDC34 protein 

in oesophageal squamous cell carcinoma and associated the expression with tumour 

progression, angiogenesis, and poor survival rates. The effect of CCDC8 expression 

on cancer cell invasion and metastasis were investigated for the first time by Jiang et 

al. in non-small cell lung cancer [245]. Using immunohistochemical staining, they 

determined CCDC8 expression in 147 tumours and 30 adjacent control tissues. They 

showed that CCDC8 expression was significantly low in cancer cells and 

commended that invasion and metastasis of lung cancer cells may be suppressed by 

CCDC8 expression. In overall, they suggested CCDC8 protein as a therapeutic target 

for non-small cell lung cancer. In here, CCDC13 was identified among the TAAs. 

The aberrant expression of CCDC13 may have stimulated the immune system in BC 

patients. 
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5. CONCLUSION AND FUTURE WORK 

5.1.  Conclusion  

The quest to find a biomarker for early detection of BC continues. The biomarkers in 

use today are either not specific or do not allow early detection of BC. The classical 

radiological scans and the other clinical approaches do not appear to be powerful and 

convenient enough to allow early detection. In the late few years, novel biomarker 

candidates have emerged but they also suffered from sensitivity and specificity issues 

and do not have the potential to satisfy the needs of the early diagnosis of BC [246-

248]. Gene/protein signatures are proposed as biomarker panels but they stay 

inadequate due to their high cost and availability. Lack of success to find a biomarker 

for early detection lies in the complexity of pathways that transform cells into the 

cancerous state. Understanding the complex interplay among these pathways will 

ultimately lead to the discovery of a simple and effective biomarker/biomarker panel. 

However, this requires a detailed analysis of the genome, transcriptome, metabolome 

and proteome. The work presented here analysed the changes occurring in proteome 

profiles of BC subtypes with respect to their healthy counterparts. Two different 

approaches were used throughout the study.  The first approach utilized the tools of 

conventional 2-DE and DIGE approaches and elucidated 13 proteins whose level 

displayed significant changes in the tumour tissues in comparison to the controls. 

Subsequent bioinformatics analysis of the regulated proteins revealed the importance 

of TAG metabolism in BC and directed us to the identified proteins, namely GPD1 

and MAGL.  WB analysis was then performed to investigate the expression levels of 

these proteins in BC subtypes and control group. The results implied that GPD1 and 

MAGL did have a great potential to become tissue-based diagnostic and/or 

prognostic BC biomarkers and can readily differentiate TNBC subtype from the 

other subtypes. However, the tissue-based biomarkers are less practical to be used in 

clinics and thus, we were urged to see if the changes in the expression levels of 

GPD1 and MAGL were reflected onto the serum. For this reason, we analyzed the 

serum GPD1 and MAGL levels using ELISA assay.  Statistical analysis of the 
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ELISA results provided strong evidence that GPD1 acts as a diagnostic biomarker in 

distinguishing TNBC patients from other subtypes (the sensitivity of 95% and 

specificity of 77.5%). In addition, MAGL can be a diagnostic biomarker in 

distinguishing healthy subjects from BC patients (sensitivity of 100% and specificity 

of 98.5%). Due to the limited availability of the clinical data regarding the patients 

used in this study, we were not able to estimate the prognostic value of these two 

proteins. However, the elucidation of the prognostic values of these two proteins was 

possible at the transcriptome level using the RNAseq data from the TCGA database. 

The statistical analysis could not generate strong evidence for prognostic values of 

GPD1 and MAGL. We concluded that GPD1 and MAGL might be proposed as non-

invasive diagnostic biomarkers with high sensitivity and specificity for BC. 

The second approach used here was called E-SERPA. In this approach, we purified 

antibodies produced by the hosts’ immune system and used them to capture TAAs. 

The captured antigenic proteins were then identified by nLC-MS/MS. Similar 

versions of this approach were used in the literature but none of those was performed 

as elaborately as ours since we spent a great deal of time to optimize binding and 

elution steps.  The E-SERPA experiments generated a vast amount of data which we 

processed and evaluated. In the end, 9 proteins were labelled as the TAAs. 

Commercial antibodies against these proteins were then used to investigate the 

expression levels in tumour and control tissues.  Except for GAPDH, they were all 

differentially regulated in the tumour tissues in comparison to the controls. 

Bioinformatics analysis with these antigenic proteins using freely-available databases 

and software did not produce a significant metabolic pathway, molecular event or a 

biological process which we may scrutinize further. However, literature search with 

each protein indicated that those proteins were previously associated with either BC 

or other cancer types and worthy of further investigation.  

In conclusion, the herein presented study significantly contributed to the current BC 

literature by proposing novel BC-associated putative protein biomarkers that were 

discovered using the state-of-the-art technologies e.g. 2-DE coupled to MALDI-

TOF/TOF and E-SERPA coupled to nLC-MS/MS. Some of these novel biomarker 

candidates are worthy of further investigation and may well find their places in 

clinical practice as diagnostic tools.  
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5.2.  Future Work 

The experiments carried out in this study generated a list of BC-associated biomarker 

candidates with high confidence.  However, the generated data has little strength to 

propose that these candidate biomarker proteins may readily be used in clinics. To 

put them in clinical use, multi-centred large cohort studies ought to be carried out. 

Also, the determination of serum levels of identified TAAs in BC subtypes may add 

valuable information to the literature. 

Due to financial limitations, the specificities of the biomarkers discovered here were 

only assessed in BC. We do not know, however, if these proteins are also 

differentially regulated in other cancer types. Future work may be carried out to 

study the possible changes in the expression levels of these biomarker candidates to 

determine a BC-specific biomarker protein. 

As a new treatment option for cancer in the last decade, immunotherapy uses 

patients’ immune system to eliminate tumour cells and provides a new way to 

eradicate cancer by leveraging or stimulating the immune system [249]. Therapeutic 

vaccination is a type of immunotherapy and an alternative approach to fight against 

cancer. The main obstacle of tumour vaccines is the need for the identification of 

TAAs to be used in vaccine development [249]. To provide and maintain the 

specificity of immunotherapy, TAAs must be identified and the therapeutic 

potential of TAAs must be addressed. In this way, the immunogenicity of the 

discovered biomarker candidates can be studied in detail. Such future studies should 

focus on PTMs since PTMs induce an immune response in the body by generating a 

neo-epitope to the major histocompatibility complex or T-cell receptors which 

eventually induce the production of autoantibodies [89, 250]. Autoantigens 

representing different PTMs are the targets of the immune system. Thus, the PTMs 

which add antigenic characteristics to the putative biomarkers should be determined 

by MS-based technologies. Glycosylation is a type of PTM and glycoproteins are 

membrane-bound or membrane-associated proteins which act as drug targets in 

various diseases including cancer. In BC, most of the identified biomarkers are 

glycoproteins displaying different antigenic characteristics. For instance, CEA, 

HER2, MUC-1, and P-glycoprotein are hyperglycosylated antigens in BC [251]. In 

this study, among the identified antigens, POSTN and CLU are glycoproteins. In 
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addition, PPIA and H4C1 proteins are known to be glycosylated in several cancer 

types. To propose TAAs as drug targets, therapeutic efficacy and immunogenicity of 

the proteins must be studied. In addition, cell membrane proteome representing most 

of the glycoproteins of the cells can be investigated in BC tumour tissues and/or BC 

cell lines to propose drug targets. 
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Appendices A 

Table A.1. List of biomarker discovery studies in proteomics 

Material type Test specimens Proteomic approach Identified proteins Verification 
method 

Candidate 
biomarkers Reference 

Tissue 19 HER2+ BC vs 15 TNBC 2D-DIGE, MALDI-
TOF MS 34 WB, IHC CK7, GAPDH, 

PGK1 Schulz et al., 2009 

Tissue 18 ER+ BC vs adjacent benign 
tissue 

2D-DIGE, MALDI-
TOF MS 50 WB PPIaseB, Rho-

GDI α, TPM4 Weitzel et al., 2010 

Tissue 9 ER+ BC vs 9 healthy tissue GeLC-MS/MS 298 - - Cha et al., 2010 

Tissue 3 ER+ vs 3 ER- BC GeLC-MS/MS 236 IHC 
Liprin- α1, β-

arrestin-1, 
fascin, DAP5 

Rezaul et al., 2010 

Plasma 420 prediagnostic plasma from 
ER+ BC vs 420 controls 

Depletion, nLC-
MS/MS 57 ELISA EGFR Pitteri et al., 2010 

Tissue 6 lymph node-positive vs 6 lymph 
node-negative TNBC GeLC-MS/MS 339 WB, IHC STAT1, CD74 Greenwood et al., 

2011 

Cell lines 6 Lapatinib-resistant HER2+ vs 6 
Lapatinib-sensitive parental cells 

Phosphoprotein 
enrichment, GeLC-

MS/MS 

20 tyrosin 
phosphorylation sites 

(differential) 
microarray LYN, LCK, 

FYN Rexer et al., 2011 

Cell lines 
2 trastuzumab-resistant HER2+ vs 
2 trastuzumab-sensitive parental 

cells 

Phosphoprotein 
enrichment, SILAC, 

nLC-MS/MS 

62 and 106 proteins 
with differential 

phosphorylation sites 
per cell line, 3 proteins 

with increased 
phosphorylation in 

both cell lines 

WB, siRNA 

WB: EGFR, 
HER4, 

CDCP1/Trask, 
FAK, PXN. 

SiRNA: 
MAPK1, PXN, 
FAM83A, EFS 

Boyer et al., 2012 

Plasma 420 prediagnostic plasma from 
ER+ BC vs 420 controls 

Depletion, nLC-
MS/MS 467 - - Amon et al., 2012 

Plasma 14 TNBC vs 14 controls Antibody microarray 93 Antibody 
microarray 

DUSP9, EED, 
EFNA5, ITGB1, 

PPMT1 
Li et al., 2012 

Tissue ER+ vs ER- BC 2D-PAGE, LC-
LTQ/FTICR MS 

11 differential 
glycoproteins WB Α1- antitrypsin Semaan et al., 

2012 

 

101 



102 
 

102 

 

Table A.1 (Continues). List of biomarker discovery studies in proteomics    

Material type Test specimens Proteomic approach Identified proteins Verification 
method 

Candidate 
biomarkers Reference 

Tissue 4 chemosensitive ER+ vs 3 
chemoresistant ER+ BC Antibody microarray 45 differential WB, IHC 14-3-3 theta/tau, 

tBID 
Hodgkinson et al., 

2012 
Cell line 

secretome 3 luminal vs 3 basal vs 3 HER2+ 2D LC-MS/MS 31 differential Targeted MS ABAT, PDZK1 Pavlou et al., 2013 

Plasma 
Infiltrative ductal BC: 107 

women, healthy control group: 
120 

bidimensional 
nanoUPLC tandem 
nanoESI-MSE Ms 

(Label-free quantitative 
MS) 

down-regulated 
proteins: 78 LumA, 87 

LUM HER2+, 80 
HER2+, 79 TNBC. Up-
regulated proteins: 102 

LumA, 68 LUM 
HER2+, 87 HER2+, 87 

TNBC. 

WB 

Clusterin, 
Killin, IKBP1, 
IRX1, IRX4, 

IRX5 

Correa et al., 2016 

Serum Sera samples from BC patients 
(112) and healthy control (35) SEREX, ELISA 

In IDC patients: 
autoantibodies to 

RAD50, NY-CO58, 
NY-fflR-62, PARD3, 
SAP30BP, SPP1; in 

MBC patients to 
SAP30BP and SPP1; in 

ILC patients to 
PARD3, SAP30BP, 

and NY-BR-62. 

RT-PCR 

the expression 
profile of SPP1, 

PARD3, 
SAP30BP were 
determined by 

RT-PCR 

Kostianets et al., 
2016 

Cell lines, BC 
adipose tissue 

MCF7: Luminal A, ER+, PR+, 
HER2–; and MDA-MB-231: 

Basal, ER–/PR–/HER2–. 
Differentiated BC adipose tissue 

LC coupled to LTQ-
Orbitrap tandem MS 

(iTRAQ)  85 proteins in CAA-
MCF-7 and 63 proteins 
in CAA-MDA-MB-231 

were differentially 
regulated 

WB 

20 proteins in 
MCF-7 and 20 

proteins in 
MDA-MB-231. 
Three proteins 
were selected 
for validation: 

NDRG1, PGK1 
and TFF1.  

Crake et al., 2019 
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Appendices B 

Table B.1. Buffers and solutions used in the study 

Section number  Buffer/solution name Contents with final concentrations 
2.2. Wash buffer for tissues samples 10 mM Tris-HCl, 250 mM sucrose, pH 7.2 

2.5.  DIGE extraction/rehydration 
buffer 

30 mM Tris-HCl, 7 M urea, 2 M Thiourea, 4% w/v CHAPS (pH 8.5) 
(add 1% Tributylphosphine “TBP” and 1%  pH3.10 ampholyte for 

rehydration) 

2.6. SDS-PAGE Separating Gel 
composition (12%) 

375 mM Tris-HCl (pH 8.8), 12% (w/v) Acrylamide/bis-acrylamide 
solution, 0.1% (w/v) SDS, 0.1% APS, 0.05% (v/v) 

tetramethylethylenediamine (TEMED). 

2.6. SDS-PAGE Stacking Gel 
composition (4%) 

125 mM Tris-HCl (pH 6.8), 4% (w/v) Acrylamide/bisacrylamide 
solution, 0.1% (w/v) SDS, 0.1% APS, 0.05% (v/v) TEMED. 

2.6. Acrylamide/bisacrylamide solution 30% (w/v) acrylamide, 0.8% (w/v) bisacrylamide  
(37.5:1 (w/w)) 

2.6. 6 X Loading Dye 
 

0,5M Tris-HCl pH 6.8, Glycerol (99.7%), 10 % SDS, ß-
Mercaptoethanol, 0.5% (w/v) Bromphenol blue 

2.7. Equilibration Buffer I 6 M Urea, 2% (w/v) SDS, 375 mM Tris-HCl (pH 8.8), 20% (v/v) 
Glycerol, 2% (w/v) DTT 

2.7. Equilibration Buffer II 6 M Urea, 2% (w/v) SDS, 375 mM Tris-HCl (pH 8.8), 20% (v/v) 
Glycerol, 2.5% (w/v) IAA 

2.7. Overlay Agarose 1% low melt agarose in SDS running buffer, a trace amount of 
bromophenol blue 

2.8. 2X Sample Buffer (for 
Fluorescence Labelling) 8 M urea, 130 mM DTT, 4% w/v CHAPS, 2% w/w Ampholyte 
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Table B.1 (Continues). Buffers and solutions used in the study 

Section number  Buffer/solution name Contents with final concentrations 
2.7. SDS/2-D PAGE Running Buffer 25 mM Tris-HCl, 192 mM glycine, 0.1% SDS 

2.9. Gel fix solution 40% (v/v) Ethanol (99%), 10% (v/v) acetic acid (85%) 

2.9. Staining solution for CBB G-250 757 mM ammonium sulphate, 1.45 mM Coomassie Brilliant Blue, 10% 
phosphoric acid (v/v), 20% (v/v) methanol 

2.14.2. Binding Buffer (BB) 20 mM sodium phosphate, pH 7.0 
2.14.2. Elution buffer (EB) 0.1 M Glycine-HCl, pH 2.7 
2.14.2. Neutralization buffer (NB) 1 M Tris-HCl, pH 9.0 

2.14.4. IP buffer (#87788) 25 mM Tris-HCl, 0.15M NaCl, 0.001M EDTA, 1% NP-40, 5% glycerol; 
pH 7.4 

2.15. MALDI matrix solution 50% (v/v) acetonitrile (ACN), 0.1% (v/v) trifluoroacetic acid (TFA) and 
10 mg/ml alpha-cyano-4-hydroxycinnamic acid 

2.17.2. Mobile phase A  0.1% FA in water 
2.17.2. Mobile phase B 80% ACN, 20% water, 0.1% FA  
2.17.2. Loading pump solution 98% water, 2% ACN (v/v), 0.05% TFA 
2.19. Western Blot Transfer Buffer 25 mM Tris-HCl, 192 mM glycine, 20% methanol (v/v), 1,3 mM SDS 

2.19. TBS-T  
25 mM Tris-HCl, 150 mM NaCl, pH 7.2, 0.1% Tween20 

2.19. Blocking solution   5% dry milk powder in TBS-T 

2.19. Ponceau S staining buffer (0.1% 
(w/v)) 1,5 mM Ponceau S, 0.5 mL Acetic acid (v/v) 

All buffers/solutions have been prepared with 18.2 MΩ grade deionized water unless stated otherwise. All chemicals used for nLC-MS/MS were HPLC grade.  
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Table B.2. Detailed information on clinical parameters of patients 

Luminal A subtype    
    IHC Status       

No.  
Patient 

code 
ER 
(%) 

PR 
(%) HER2 

Ki-67 
(%) 

Histological 
tumour type 

TNM 
staging 

Tumour 
grade 

1 K1 20 50 - 5 IDC IIIA 2 
2 K7 90 60 - 12 IDC IIA 2 
3 K10 90-95 90-95 - 3 IDC IIA 2 
4 K13 50 -  (+2) 6 IDC IIB 1 
5 K16 100 - - - IDC IIIA 2 
6 K17 100 50 - 2 IDC IIA 2 
7 K21 80 80 - 4 IDC IIA 1 

8 K23 90 70 - 10 
infiltrative 

ductal IIA 2 
9 K27 80 - - 8 IDC IIB 1 
10 K40 70 10 - 3 IDC IA 1 
11 K43 70 10 - 10 IDC IIB 2 
12 K48 80 90 - 2 IDC IIA 1 
13 K49 95 10 - 1 IDC IA 1 
14 K55 100 60 - 6 IDC IA 1 
15 K58 60 70 - 10 IDC IIA 2 
16 D8 60 80 (+1) 5 IDC IIB 2 
17 D11 70 70  (+1) 1 IDC IA 1 
18 D14 70 70 (+1) 5 IDC IA 2 
19 D16 90 90 (+2) 10 IDC IIB 3 
20 D21 90 90 - 10 IDC IIA 1 
21 D28 70 80 (+2) 10 IDC IIIA 1 
22 D31 80 50 (+2) 5 IDC IIB 1 
23 D33 80 50 - 5 IDC IIA 1 
24 D43 100 5 - 5 IDC IIA 2 
25 D45 80 80 (+2) 10 IDC IIB 2 

26 D53 90 80 - 10 
infiltrative 

ductal IIIA 3 
27 D58 100 5 - 8 IDC IIB 2 
28 D66 90 60 (+1) 10 IDC IIIA 2 

29 D69 75 80 - 3 
infiltrative 

ductal IIA 3 
30 D70 95 85 - 5 IDC IA 1 
31 D74 100 100 - 12 IDC IIA 2 
32 D77 95 98 - 8 IDC IA 1 
33 D79 70 90 - 10 IDC IIIA 2 
34 D86 80 80 - 5 IDC IIA 2 

 
Luminal B subtype    
    IHC Status       
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Table B.2 (Continues). Detailed information on clinical parameters of patients 

No.  
Patient 

code 
ER 
(%) 

PR 
(%) HER2 

Ki-67 
(%) 

Histological 
tumour type 

TNM 
staging 

Tumou
r grade 

1 K6 90 70 - 65 IDC IA 2 
2 K11 80 90 - 30 IDC IIB 2 
3 K15 100 70 - 30 IDC IIA 3 
4 K18 100 60 - 60 IDC IIB 3 
5 K26 95 5 - 36 IDC IA 2 
6 K28 80 5 - 40 IDC IIB 2 
7 K32 90 50 - 40 IDC IIB 2 
8 K50 70 90 - 19 IDC IIA 2 
9 K56 100 100 - 20 IDC IIA 2 
10 D15 80 80  (+1) 25 IDC IIA 2 
11 D17 80 70 (+1) 40 IDC IIIA 3 
12 D22 70 60 (+1) 40 IDC IIA 2 
13 D24 30 30 (+1) 65 IDC IIA 2 
14 D30 - 80 - 30 IDC IIA 2 
15 D32 100 100 (+1) 25 IDC IIIC 2 
16 D35 95 70 (+2) 35 IDC IIA 2 
17 D38 80 10 - 15 IDC IIIA 2 
18 D39 100 70 - 50 IDC IIIC 3 
19 D41 80 80 - 20 IDC IIA 2 
20 D44 90 90 - 25 IDC IIA 2 
21 D49 80 50 - 15 IDC IIB 2 
22 D50 95 5 - 20 IDC IIB 2 
23 D51 80 70 - 20 IDC IIA 2 
24 D54 80 50 - 20 IDC IIA 2 
25 D55 80 - - 20 IDC IIB 2 
26 D63 80 90 - 30 IDC IA 2 
27 D64 90 - - 20 IDC IIA 1 
28 D65 90 - (+2) 30 IDC IIIA 3 
29 D68 90 70 - 20 IDC IIA 2 
30 D72 70 - - 20 IDC IIIA 2 
31 D73 70 70 (+2) 46 IDC IIIA 3 
32 D78 90 90 - 25 IDC IIA 2 
33 D80 60 95 - 20 IDC IIA 2 

Luminal B-like HER2+ subtype    
    IHC Status       

No.  
Patient 

code 
ER 
(%) 

PR 
(%) HER2 

Histological 
tumour type TNM staging 

Tumour 
grade 

1 K2 30 - (+3) IDC IIA 2 
2 K19 70 - (+3) IDC IA 2 
3 K60 100 - (+3) IDC IA 2 
4 D3 90 90 (+3) IDC IIB 2 
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Table B.2 (Continues). Detailed information on clinical parameters of 
patients 

5 D5 70 10 (+3) IDC IIB 2 
6 D7 90 90 (+3) IDC IIB 2 
7 D10 100 70 (+3) IDC IIA 2 
8 D13 90 80 (+3) infiltrative ductal IIIA 3 
9 D23 - 5 (+3) infiltrative ductal IIA 3 

10 D27 60 20 (+3) IDC IIB 3 
11 D48 5 - (+3) IDC IIIA 3 
12 D56 80 80 (+3) infiltrative ductal IIIA 3 
13 D57 100 70 (+3) IDC IIIA 2 
14 D83 100 100 (+3) IDC IV 3 

TNBC subtype     
    IHC Status        

No.  
Patient 

code 
ER 
(%) 

PR 
(%) HER2 

CK
5/6 

GPD1 
exp. 

Histological 
tumour type 

TNM 
staging 

Tumour 
grade 

1 K8 - - - + low IDC IIB 3 
2 K25 - - - - high IDC IA 3 
3 K41 - - - + low IDC IIA 2 
4 K47 - - - + low IDC IIB 3 
5 K54 - - - - high IDC IIA 3 
6 K57 - - - + low IDC IIA 3 

7 D1 - - (+2) 
NT
* high IDC IIIA 2 

8 D12 - - (+2) 
NT
* low IDC IIIB 3 

9 D19 - - - - high infiltrative 
ductal IIIA 3 

10 D71 - - - + high IDC IIA 2 

11 D84 - - (+2) 
NT
* high IDC IIA 2 

           HER2-enriched subtype    
              IHC Status       

No.  
Patient 

code 
ER 
(%) 

PR 
(%) HER2 

Histological 
tumour type TNM staging 

Tumour 
grade 

1 K9 - - (+3) IDC IIB 3 
2 K22 - - (+3) IDC IIA 3 
3 K33 - - (+3) IDC IIA 2 
4 D9 - - (+3) IDC IIIB 3 
5 D26 - - (+3) IDC IIIA 3 
6 D42 - - (+3) IDC IV 1 
7 D61 - - (+3) IDC IIA 1 
8 D76 - - (+3) IDC IIIB 3 

* NT: not tested.
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Table B.3. Primary antibodies used for verification experiments 

Antibody name Gene name Brand Catalogue no. 
Used 

dilution  

Predicted 

molecular weight 

(kDa) 

β-actin ACTB Santa Cruz Biotech. sc-81178 1:1000 43 

glycerol-3-phosphate dehydrogenase NAD+, cytoplasmic GPD1 Santa Cruz Biotech. sc-376219 1:750 38 

monoglyceride lipase MGLL, MAGL Santa Cruz Biotech. sc-398942 1:750 33 

Glyceraldehyde-3-phosphate dehydrogenase GAPH Santa Cruz Biotech. sc-365062 1/1000 37 

Alpha-tubulin TBA1A Santa Cruz Biotech. sc-8035 1/1000 55 

Peptidyl-prolyl cis-trans isomerase A (Cyclophilin A) PPIA/PPIaseA/CY
PA NOVUS Biologicals H00005478-M01 1/500 15 

Histone H4 H4C1 Abcam ab10158 3 µg/mL 14 

Clusterin CLU Santa Cruz Biotech. sc-166907 1/2000 Precursor: 70. 
α/β: 36-39/34-36 

Periostin POSTN Santa Cruz Biotech. sc-398631 1/5000 84/74 

Macrophage migration inhibitory factor MIF Santa Cruz Biotech. sc-271631 1/250 13 
Serine/arginine-rich-splicing factor 3 SRSF3 Thermo Sci. 33-4200 2 µg/mL 25 
Splicing factor arginine/serine-rich 3 SFRS3 NOVUS Biologicals NBP2-41316 1/250 19 

Coiled-coil domain-containing protein 13 CCDC13 ORIGENE AP50765PU-N 1/250 80 
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Appendices C 

 
Figure C.1. SDS-PAGE images showing the quantity and quality of protein extracts from tumour 
and control tissues 

(Explanation for Figure C.1: K1-K60 and D1-D76 designate patients’ codes (top row). K designates healthy/control, 
and T designates tumour tissue protein extracts (bottom row)). 
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Figure C.1 (Continues). SDS-PAGE images showing the quantity and quality of protein extracts from tumour 
and control tissues 

(Explanation for Figure C.1: K1-K60 and D1-D76 designate patients’ codes (top row). K designates healthy and T designates tumour 
tissue protein extracts (bottom row)). 
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Appendices D 
Table D.1. The list of differentially regulated proteins identified by 2-DE coupled to MALDI-TOF/TOF 

No. AC no. Protein description Protein 
mass 

Protein 
score Expect Matches Theoretical 

pI 
Seq. cov. 

(%) 
1 P02768 Serum albumin 69321 272 1.3e-023 37 5,92 37 
2 P01009 Alpha-1-antitrypsin 46707 335  6.4e-030 37 5,37 55 
3 P30041 Peroxiredoxin-6 25019 414 8.1e-038 31 6 75 
4 P05787 Keratin, type II cytoskeletal 8 53671 594 8.1e-056 53 5,52 64 
5 P32119 Peroxiredoxin-2 21878 366 5.1e-033 24 5,66 74 
6 P07355 Annexin A2 38580 508 3.2e-047 38 7,57 58 
7 P49411 Elongation factor Tu, mitochondrial 49510 337 4E-30 34 7,26 59 
8 P63104 14-3-3 protein zeta/delta 27728 205 6.4e-017 28 4,73 61 
9 P08670 Vimentin 53619 566 5.1e-053 52 5,06 60 
10 P04792 Heat shock protein beta-1 22768 293 1E-25 23 5,98 67 
11 P50395 Rab GDP dissociation inhibitor beta 50631 401 1.6e-036 45 6,11 62 
12 P13639 Elongation factor 2 95277 301 1.6e-026 48 6,41 39 
13 P08727 Keratin, type I cytoskeletal 19 44065 590 2e-055  45 5,04 69 
14 P15086 Carboxypeptidase B 47338 381 1.6e-034 30 6,16 59 
15 P10809 60 kDa heat shock protein, mitochondrial 61016 480 2E-44 41 5,7 49 
16 P05783 Keratin, type I cytoskeletal 18 48029 563 1E-52 43 5,34 56 
17 P02545 Lamin-A/C 74095 304 8.1e-027 42 6,57 47 
18 Q02790 Peptidyl-prolyl cis-trans isomerase FKBP4 51722 153 1E-11 31 5,35 49 
19 P14625 Endoplasmin  92411 373 1e-033  45 4,76 36 
20 P07900 Heat shock protein HSP 90-alpha 84607 288 3.2e-025 42 4,94 49 
21 P11142 Heat shock cognate 71 kDa protein 70854 341 1.6e-030 39 5,37 40 
22 Q99685 Monoglyceride lipase  33240 183 1E-14 25 6,49 62 
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Table D.1 (Continues). The list of differentially regulated proteins identified by 2-DE coupled to MALDI-TOF/TOF 

No. AC no. Protein description Protein 
mass 

Protein 
score Expect Matches Theoretical 

pI 
Seq. cov. 

(%) 
23 Q99798 Aconitate hydratase, mitochondrial 85372 303 1E-26 36 7,36 39 
24 P14618 Pyruvate kinase isozymes M1/M2 57900 269 2.6e-023 41 7,96 61 
25 P07237 Protein disulfide-isomerase 57081 329 2.6e-029 34 4,76 49 
26 P26641 Elongation factor 1-gamma 50087 132 1.3e-009 22 6,25 32 
27 P00352 Retinal dehydrogenase 1 54827 92 1.2e-005 16 6,3 30 
28 P38646 Stress-70 protein, mitochondrial 73635 80 0,00018 18 5,57 27 
29 

O75874 
Isocitrate dehydrogenase [NADP] 
cytoplasmic 46630 325 6.4e-029 41 6,53 

57 

30 P07195 L-lactate dehydrogenase B chain 36615 269 2.6e-023 28 5,71 48 
31 P00915 Carbonic anhydrase 1 28852 258 3.2e-022 20 6,59 70 
32 P04083 Annexin A1 38690 521 1.6e-048 36 6,57 63 
33 P02511 Alpha-crystallin B chain 20146 268 3.2e-023 23 6,76 51 
34 P01834 Ig kappa chain C region 11602 120 0,00000002 10 5,58 88 
35 P68871 Hemoglobin subunit beta 15988 211 1.6e-017 17 6,75 83 
36 P52895 Aldo-keto reductase family 1 member C2 36712 209 2.6e-017 25 7,13 56 

37 P21695 
Glycerol-3-phosphate dehydrogenase 
[NAD+], cytoplasmic 37543 373 1E-33 37 5,81 75 

38 P40925 Malate dehydrogenase, cytoplasmic 36403 204 8.1e-017 21 6,91 47 
39 P04040 Catalase 59719 290 2e-025  28 6,9 38 
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Table D.2. The list of differentially regulated proteins and their regulation ratios among the tumour groups over the control group 

No. AC no. SSP 
no. Protein description Luminal A 

vs. Control 
Luminal B vs. 

Control 
Luminal B-like 

HER2 + vs. Control 
TNBC vs. 
Control 

HER2-enriched 
vs. Control 

1 P02768 5603 Serum albumin NR 0,21 0,33 NR NR 
2 P01009 1504 Alpha-1-antitrypsin NR NR 0,29 NR 0,49 
3 P30041 6001 Peroxiredoxin-6 NR NR NR NR NR 
4 P05787 4505 Keratin, type II cytoskeletal 8 8,81 9,53 10,12 3,16 3,7 
5 P32119 4002 Peroxiredoxin-2 NR NR NR NR NR 
6 P07355 8104 Annexin A2 NR NR 2,52 NR 2,81 

7 P49411 6202 Elongation factor Tu, 
mitochondrial 2,84 3,13 2,02 NR NR 

8 P63104 1001 14-3-3 protein zeta/delta 3,26 NR 2,62 2,11 3,01 
9 P08670 0204 Vimentin NR NR NR NR NR 
10 P04792 5002 Heat shock protein beta-1 NR 2,18 NR NR NR 

11 P50395 5301 Rab GDP dissociation 
inhibitor beta 2,5 2,53 2,34 2,22 NR 

12 P13639 7805 Elongation factor 2 3,12 5,93 10,41 3,23 4,39 
13 P08727 2202 Keratin, type I cytoskeletal 19 14,74 12,07 10,26 3,12 5,57 
14 P15086 6203 Carboxypeptidase B 5,24 7,4 NR NR NR 

15 P10809 3602 60 kDa heat shock protein, 
mitochondrial 4,7 6,52 5,3 2,64 6,07 

16 P05783 4201 Keratin, type I cytoskeletal 18 6,33 7,69 8,96 NR NR 
17 P02545 7602 Lamin-A/C 2,5 3,18 3,81 NR NR 

18 Q02790 4502 Peptidyl-prolyl cis-trans 
isomerase FKBP4 NR 4,69 4,18 0,26 NR 

19 P14625 1801 Endoplasmin  2,38 2,59 NR 2,11 2,12 
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Table D.2 (Continues). The list of differentially regulated proteins and their corresponding regulation ratios among the tumour groups over the 
control group 

No. AC no. SSP 
no. Protein description 

Luminal 
A vs. 

Control 

Luminal B vs. 
Control 

Luminal B-like HER2 + 
vs. Control 

TNBC vs. 
Control 

HER2-enriched 
vs. Control 

20 P07900 1802 Heat shock protein HSP 90-
alpha 5,14 6,58 4,01 3,11 4,81 

21 P11142 3703 Heat shock cognate 71 kDa 
protein NR 2,08 2,32 NR 2,71 

22 Q99685 8110 Monoglyceride lipase  0,18 0,05 0,18 0,01 0,05 

23 Q99798 8802 Aconitate hydratase, 
mitochondrial NR 2,21 2,31 NR NR 

24 P14618 8603 Pyruvate kinase isozymes 
M1/M2 6,14 11,26 9,98 6,94 7,02 

25 P07237 0504 Protein disulfide-isomerase 3,14 2,84 3,92 4,1 6,73 
26 P26641 6302 Elongation factor 1-gamma 6,01 7,22 7,88 8,4 8,38 
27 P00352 6502 Retinal dehydrogenase 1 NR NR NR NR NR 

28 P38646 4708 Stress-70 protein, 
mitochondrial NR 0,24 0,16 NR 2,69 

29 O75874 7203 Isocitrate dehydrogenase 
[NADP], cytoplasmic NR NR NR NR 2,09 

30 P07195 4109 L-lactate dehydrogenase B 
chain 0,03 0,01 0,04 0,01 0 

31 P00915 7002 Carbonic anhydrase 1 0,35 0,21 0,34 0,19 0,4 
32 P04083 6101 Annexin A1 NR NR NR NR NR 
33 P02511 8012 Alpha-crystallin B chain NR 0,45 0,4 NR NR 
34 P01834 8004 Ig kappa chain C region 0,27 0,21 NR 2,04 NR 

 



115 
 

115 

Table D.2 (Continues). The list of differentially regulated proteins and their corresponding regulation ratios among the tumour groups over the 
control group 

No. AC no. SSP 
no. Protein description 

Luminal 
A vs. 

Control 

Luminal B vs. 
Control 

Luminal B-like HER2 + 
vs. Control 

TNBC vs. 
Control 

HER2-enriched 
vs. Control 

35 P68871 8006 Hemoglobin subunit beta 0,46 NR 0,26 NR NR 

36 P52895 8206 Aldo-keto reductase family 1 
member C2 0,06 0,06 0,03 0,06 0,07 

37 P21695 5101 
Glycerol-3-phosphate 
dehydrogenase [NAD+], 
cytop. 

0,06 0,06 0,02 0,001 0,03 

38 P40925 7106 Malate dehydrogenase, 
cytoplasmic NR NR NR 0,4 NR 

39 P04040 8506 Catalase NR NR NR NR NR 
NR: Non-relevant (Indicates less than two-fold up/down-regulation).  
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Table D.3. The list of differentially regulated proteins identified by DIGE coupled to MALDI-TOF/TOF 

No.  AC no. Protein description 
Protein 

mass 
Protein 
score Expect Matches  

Theoretical 
pI  

Seq. cov. 
(%) 

1 P09211 Glutathione S-transferase P 23341 68 0,0031 7 5,43 31 
2 P04792 Heat shock protein beta-1  22768 214 8,1E-18 15 5,98 46 

3 A6NL28 
Putative tropomyosin alpha-3 chain-
like protein 26253 97 0,0000039 5 4,47 24 

4 P62258 14-3-3 protein epsilon 29155 80 0,0002 14 4,63 44 
5 P01834 Ig kappa chain C region 11602 80 0,00019 6 5,58 76 
6 P02511 Alpha-crystallin B chain 20146 68 0,0031 7 6,76 33 
7 P60174 Triosephosphate isomerase 26653 66 0,0055 9 6,45 35 
8 P35232 Prohibitin 29786 101 0,0000016 8 5,57 19 
9 P62937 Peptidyl-prolyl cis-trans isomerase A 18001 138 3,2E-10 16 7,68 58 
10 P63261 Actin, cytoplasmic 2 41766 92  1.4e-005 12 5,31 33 
11 P05787 Keratin, type II cytoskeletal 8 53671 252  1.3e-021  24 5,52 45 
12 P30101 Protein disulfide-isomerase A3  56747 147 4E-11 17 5,98 33 
13 P05783 Keratin, type I cytoskeletal 18 48029 192 1.3e-015  22 5,34 30 

14 P10809 
60 kDa heat shock protein, 
mitochondrial 61016 95 0,0000069 12 5,70 22 

15 P20774 Mimecan 33901 99 0,0000023 8 5,46 29 
16 Q15084 Protein disulfide-isomerase A6  48091 151 1,6E-11 12 4,95 24 
17 P08727 Keratin, type I cytoskeletal 19 44065 449  2.6e-041 29 5,04 46 
18 P11021 78 kDa glucose-regulated protein 72288 190  2e-015  15 5,07 20 
19 P08670 Vimentin 53619 209 2,6E-17 21 5,06 30 
20 P07237 Protein disulfide-isomerase 57081 160 2E-12 12 4,76 22 
21 P27797 Calreticulin 48112 116 0,000000051 12 4,29 25 
22 P04083 Annexin A1  38690 266 5,1E-23 15 6,57 40 
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Table D.3 (Continues). The list of differentially regulated proteins identified by DIGE coupled to MALDI-TOF/TOF 

No.  AC no. Protein description 
Protein 

mass 
Protein 
score Expect Matches  

Theoretical 
pI  

Seq. cov. 
(%) 

23 P04264 Keratin, type II cytoskeletal 1 65999 101 0,0000016 14 8,15 27 
24  P60709 Actin, cytoplasmic 1 41710 96 0,0000049 9 5,29 16 
25 P23141 Liver carboxylesterase 1  62841 76 0,00049 8 6,15 13 

26 P21695 
Glycerol-3-phosphate dehydrogenase 
[NAD+], cytoplasmic 37543 150 2e-011  22 5,81 43 

27 Q13228 Selenium-binding protein 1 52358 114 0,000000081 15 5,93 20 
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Table D.4. The list of differentially expressed proteins of GPD1+/- group by DIGE coupled to MALDI-TOF/TOF 

No. AC no. Protein description Protein mass Protein score Expect Matches  Theoretical pI  Seq. cov. (%) 
1 P14618 Pyruvate kinase isozymes M1/M2 57900 178 3.2e-014 22 7,96 31 
2 P06733 Alpha-enolase 47139 138  3.2e-010 18 7,01 28 
3 P00558 Phosphoglycerate kinase 1 44586 119  2.6e-008 24 8,3 52 
4 P04083 Annexin A1 38690 96  5e-006 22 6,57 46 
5 P14550 Alcohol dehydrogenase [NADP+] 36550 90 1.9e-005  21 6,32 39 
6 P00338 L-lactate dehydrogenase A chain 36665 65 0,0063 15 8,44 24 
7 P02647 Apolipoprotein A-I 30759 81 0,00016 17 5,56 32 
8 P08758 Annexin A5 35914 224 8.1e-019 24 4,94 43 
9 P07237 Protein disulfide-isomerase 57081 161 1.6e-012 22 4,76 20 
10 P08670 Vimentin 53619 133 1.0e-008 25 5,06 44 
11 P13645 Keratin, type I cytoskeletal 10 58792 80 0,00022 21 5,13 24 
12 P60709 Actin, cytoplasmic 1 41710 172 1.3e-013 26 5,29 44 
13 P02787 Serotransferrin 77000 259 2.6e-022 47 6,81 45 
14 P52565 Rho GDP-dissociation inhibitor 1 23193 152 1.3e-011 20 5,02 40 
15 P63104 14-3-3 protein 27728 106 5.1e-007 20 4,73 43 
16 P62258 14-3-3 protein epsilon 29155 69 0,0027 21 4,63 41 

 

 

 

 

 



119 
 

Appendices E 

 
Figure E.1. The representative close-up images of the differentially regulated proteins 

(Red line: Luminal A, green line: Luminal B, orange line: Luminal B-like HER2+, purple line: TNBC, yellow line: HER2-enriched, blue line: control group) 
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Figure E.1 (Continues). The representative close-up images of the differentially regulated proteins 

(Red line: Luminal A, green line: Luminal B, orange line: Luminal B-like HER2+, purple line: TNBC, yellow line: HER2-enriched, blue line: control group) 
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Figure E.1 (Continues). The representative close-up images of the differentially regulated proteins 

(Red line: Luminal A, green line: Luminal B, orange line: Luminal B-like HER2+, purple line: TNBC, yellow line: HER2-enriched, blue line: control 
group) 
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Appendices F. Evaluation of optimization results of E-SERPA assay 

 
Figure F.1. E-SERPA optimization results for the accuracy of the method 
(Variable G) 
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Figure F.2. E-SERPA optimization results for the selection of buffer 
(Variable C) 
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Figure F.3. E-SERPA optimization results for Variable A and B 
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Figure F.4. E-SERPA optimization results for Variable D and E 
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Figure F.5. E-SERPA optimization results for Variable G 
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Figure F.6. E-SERPA optimization results for elution methods (Variable H) 
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Appendices G. The lists of identified proteins of tumour vs control E-SERPA 

analysis 

Table G.1. The list of identified proteins in Ps 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

1 MP A0N5G5 Rheumatoid factor D5 light 
chain (Fragment) 15 1 1 12,8 8,97 

2 MP Q0ZCH9 
Immunglobulin heavy 
chain variable region 
(Fragment 

25 2 1 13,4 8,46 

3 MP Q6NS95 IGL@ protein 21 3 1 25,1 6,67 

4 MP P01861 Ig gamma-4 chain C region 31 6 1 35,9 7,36 

5 MP A2KBB9 Anti-(ED-B) scFV 
(Fragment) 19 3 2 25,1 8,12 

6 MP Q6GMV8 Uncharacterized protein 21 3 1 24,9 6,67 

7 MP Q6PIL8 IGK@ protein 43 7 1 25,8 6,55 

8 MP P01620 Ig kappa chain V-III region 
SIE 31 2 1 11,8 8,48 

9 MP A0A087X1
30 Ig kappa chain C region 41 6 1 25,1 6,32 

10 MP B4DPP6 cDNA FLJ54371, highly 
similar to Serum albumin 2 1 1 70,3 6,09 

11 MP Q6N093 
Putative uncharacterized 
protein DKFZp686I04196 
(Fragment) 

32 10 4 46 7,59 

12 MP A0A087W
YE1 Ig gamma-1 chain C region 38 13 7 52,1 7,55 

13 MP A0A087W
VW2 Ig gamma-3 chain C region 21 8 2 57,1 8,1 

14 MP Q96SA9 

Anti-streptococcal/anti-
myosin immunoglobulin 
kappa light chain variable 
region (Fragment) 

32 2 2 11,5 8,85 

15 MP P01625 Ig kappa chain V-IV 
region Len 16 1 1 12,6 7,93 

16 MP A2NB45 Cold agglutinin FS-1 L-
chain (Fragment) 33 2 2 12,4 8,48 

17 MPC H0YA55 Serum albumin (Fragment) 3 1 1 51,5 6,95 

18 MPC V9HW68 Epididymis luminal protein 
214 39 13 7 51,7 7,75 

19 MPC A0A075B6
N8 

Ig gamma-3 chain C region 
(Fragment) 29 8 2 41,3 7,9 

20 MPC Q8N355 IGL@ protein 21 3 1 24,8 6,37 

21 MPC A0A087X1
V9 Protein IGKV2-28 36 2 2 11 5,24 

22 MPC Q6PJF2 IGK@ protein 43 7 1 25,5 6,55 

23 MPC A2KBC0 Anti-(ED-B) scFV 
(Fragment) 19 3 2 25,2 8,12 

24 MPC A2KBC6 Anti-FactorVIII scFv 
(Fragment) 19 3 2 25 8,41 

25 MPC P01622 Ig kappa chain V-III region 
Ti 31 2 1 11,8 8,5 

26 MPC A2KBC7 Anti-IFN-G scFv 
(Fragment) 19 3 2 25 7,72 

27 MPC B1N7B8 
Cryocrystalglobulin CC1 
kappa light chain variable 
region (Fragment) 

17 1 1 11,8 7,99 
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Table G.1 (Continues). The list of identified proteins in Ps 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

28 MPC P04206 Ig kappa chain V-III region 
GOL 31 2 1 11,8 9,25 

29 MPC A2KBC8 Anti-TeTox scFv 
(Fragment) 19 3 2 25,1 7,71 

30 MPC Q56G89 Serum albumin 2 1 1 69 6,2 

31 MPC S4R460 Protein IGHV3OR16-9 31 2 1 10,4 7,97 

32 MPC B4DPR2 cDNA FLJ50830, highly 
similar to Serum albumin 2 1 1 59,5 7,17 

33 MPC A2KBC5 Anti-HCS scFv (Fragment) 19 3 2 25,2 8,05 

34 MPC P01617 Ig kappa chain V-II region 
TEW 33 2 2 12,3 6 

35 MPC Q9UL91 

Myosin-reactive 
immunoglobulin heavy 
chain variable region 
(Fragment) 

25 2 1 12,8 5,36 

36 MPC A2KBC1 Anti-(ED-B) scFV 
(Fragment) 19 3 2 25,1 8,12 

37 MPC Q6N089 Putative uncharacterized 
protein DKFZp686P15220 38 13 7 51,7 7,93 

38 MPC Q9UL78 

Myosin-reactive 
immunoglobulin light 
chain variable region 
(Fragment) 

31 2 1 11,6 8,29 

39 MPC A8K9P0 
cDNA FLJ78413, highly 
similar to Homo sapiens 
albumin, mRNA 

2 1 1 69,2 6,28 

40 MPC V9HW34 Epididymis luminal protein 
213 43 7 1 25,6 6,55 

41 MPC B7WNR0 Serum albumin 3 1 1 56,2 7,14 

42 MPC A2KBC4 Anti-TN-C scFv 
(Fragment) 19 3 2 25,1 8,41 

43 MPC Q8NF17 FLJ00385 protein 
(Fragment) 21 8 2 56,1 7,59 

44 MPC A2KBC3 Anti-(ED-B) scFV 
(Fragment) 19 3 2 25,1 7,71 

45 MPC C9JKR2 Albumin, isoform CRA_k 3 1 1 47,3 6,35 

46 MPC A0A087W
V47 Ig gamma-1 chain C region 39 13 7 51,1 7,55 

47 MPC D6RHD5 Serum albumin 3 1 1 52 6,84 

48 MPC A2KBC2 Anti-(ED-B) scFV 
(Fragment) 19 3 2 25,2 7,71 

49 MPC F6KPG5 Albumin (Fragment) 2 1 1 66,5 6,04 

50 MPC Q6N030 Putative uncharacterized 
protein DKFZp686I15212 21 8 2 57 8,05 

51 MPC P01623 Ig kappa chain V-III region 
WOL 31 2 1 11,7 8,91 

52 MPC P01860 Ig gamma-3 chain C region 29 8 2 41,3 7,9 

53 MPC A0A087X0
79 Ig gamma-1 chain C region 38 13 7 51,9 8,07 

54 MPC Q5EBM2 Uncharacterized protein 21 8 2 56,8 6,86 

55 MPC P02768 Serum albumin 2 1 1 69,3 6,28 

56 MPC A0A087W
XL8 Ig gamma-3 chain C region 21 8 2 56,9 8,25 
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Table G.2. The list of identified proteins in PsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

1 MP Q6P5S8 IGK@ protein 1 48 11 1 25,8 6,33 

2 MP Q9HCC1 Single chain Fv (Fragment) 37 3 1 12,2 8,47 

3 MP P01621 Ig kappa chain V-III region 
NG9 (Fragment) 9 1 1 10,7 6,52 

4 MP P04406 Glyceraldehyde-3-
phosphate dehydrogenase 4 1 1 36 8,46 

5 MP Q6N093 Putative uncharacterized 
protein DKFZp686I04196 40 13 6 46 7,59 

6 MP B7Z1K5 
cDNA FLJ55956, highly 
similar to Tubulin alpha-6 
chain  

3 1 1 57,7 5,07 

7 MP I4AY87 
Macrophage migration 
inhibitory factor 
(Fragment) 

8 1 1 12,5 7,88 

8 MP B4DR52 Histone H2B 5 1 1 18 10,32 

9 MP A0A087W
TX5 Ig kappa chain C region 44 10 1 25,6 7,97 

10 MP Q8N355 IGL@ protein 44 7 1 24,8 6,37 

11 MP Q6N094 Putative uncharacterized 
protein DKFZp686O01196 40 16 1 52,6 8,18 

12 MP Q14473 Beta-globin gene from a 
thalassemia patient 18 3 3 18,9 6,79 

13 MP A2IPI6 HRV Fab 027-VL 
(Fragment) 14 1 1 12,4 9,41 

14 MP Q6NS95 IGL@ protein 40 6 1 25,1 6,67 

15 MP B2R6F3 Splicing factor 
arginine/serine-rich 3 13 1 1 19,3 11,65 

16 MP H6VRG1 Keratin 1 2 1 1 66,1 8,12 

17 MP Q0ZCH9 
Immunglobulin heavy 
chain variable region 
(Fragment)  

41 4 1 13,4 8,46 

18 MP P01717 Ig lambda chain V-IV 
region Hil 18 1 1 11,5 6,51 

19 MP P01612 Ig kappa chain V-I region 
Mev 15 1 1 11,9 6,57 

20 MP V9HW43 Epididymis secretory 
protein Li 102 5 1 1 22,8 6,4 

21 MP S6BGE0 IgG H chain 29 7 1 32,2 7,85 

22 MP P01620 Ig kappa chain V-III region 46 4 1 11,8 8,48 

23 MP P01767 Ig heavy chain V-III region 
BUT 26 2 1 12,4 9,25 

24 MP A0A087W
VW2 Ig gamma-3 chain C region 23 10 2 57,1 8,1 

25 MP A2NB45 Cold agglutinin FS-1 L-
chain (Fragment) 33 2 2 12,4 8,48 

26 MP B4DPP6 cDNA FLJ54371, highly 
similar to Serum albumin 29 13 13 70,3 6,09 

27 MP A0A5E4 Uncharacterized protein 37 6 0 24,7 5,94 

28 MP P01602 Ig kappa chain V-I region 
HK102 (Fragment) 14 1 1 12,8 6,51 

29 MP Q9UL88 

Myosin-reactive 
immunoglobulin heavy 
chain variable region 
(Fragment) 

15 1 1 14,1 9,63 

30 MP A0A087W
VN6 Protein IGKV1-27 35 2 2 10,4 8,47 

31 MP V9HW68 Epididymis luminal protein 
214 50 19 0 51,7 7,75 
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Table G.2 (Continues). The list of identified proteins in PsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

32 MP D1MGQ2 Alpha-2 globin chain 11 1 1 15,2 8,68 

33 MP A8K486 Peptidyl-prolyl cis-trans 
isomerase 5 1 1 18 6,9 

34 MP P01616 Ig kappa chain V-II region 
MIL 21 1 1 12 9,29 

35 MP P01861 Ig gamma-4 chain C region 37 8 2 35,9 7,36 

36 MP P01613 Ig kappa chain V-I region 
Ni 30 2 2 12,2 5,36 

37 MP A2KBC2 Anti-(ED-B) scFV 
(Fragment) 31 6 3 25,2 7,71 

38 MP Q0ZCH6 
Immunglobulin heavy 
chain variable region 
(Fragment)  

7 1 1 14,3 6,55 

39 MP P01625 Ig kappa chain V-IV 
region Len 37 3 3 12,6 7,93 

40 MP A0A024R
DS2 

Periostin, osteoblast 
specific factor, isoform 
CRA_c  

2 1 1 93,3 7,53 

41 MP Q8NEJ1 Uncharacterized protein 39 6 1 25 7,69 

42 MP B4DI63 cDNA FLJ59205, highly 
similar to Mimecan 7 2 2 40,5 7,99 

43 MP P04430 Ig kappa chain V-I region 
BAN 17 1 1 11,8 8,44 

44 MP P10909 Clusterin 3 1 1 52,5 6,27 

45 MP Q9UL85 

Myosin-reactive 
immunoglobulin kappa 
chain variable region 
(Fragment)  

25 2 2 11,8 8,51 

46 MP P16104 Histone H2AX 6 1 1 15,1 10,74 

47 MP A0N5G5 Rheumatoid factor D5 light 
chain (Fragment) 23 2 2 12,8 8,97 

48 MP P63261 Actin, cytoplasmic 2 20 6 6 41,8 5,48 

49 MP Q8IYE1 Coiled-coil domain-
containing protein 13 2 1 1 80,8 8,84 

50 MP P62805 Histone H4 19 2 2 11,4 11,36 

51 MPC Q99878 Histone H2A type 1-J 7 1 1 13,9 10,89 

52 MPC F8VS66 Tubulin alpha-1C chain 12 1 1 14,4 5,47 

53 MPC F8VRK0 Tubulin alpha-1B chain 
(Fragment) 31 1 1 5,3 4,88 

54 MPC P04264 Keratin, type II 
cytoskeletal 1 2 1 1 66 8,12 

55 MPC B3VL86 Mutant beta-globin 23 3 3 14,9 6,77 

56 MPC A0A024R
DT5 

Periostin, osteoblast 
specific factor, isoform 
CRA_a  

2 1 1 87 7,81 

57 MPC Q5ZEY3 
Glyceraldehyde-3-
phosphate dehydrogenase 
(Fragment)  

16 1 1 9,2 9,72 

58 MPC Q8N532 TUBA1C protein 5 1 1 36,6 7,96 

59 MPC A2KBC7 Anti-IFN-G scFv 
(Fragment) 31 6 3 25 7,72 

60 MPC A8K9P0 
cDNA FLJ78413, highly 
similar to Homo sapiens 
albumin, mRNA  

29 13 13 69,2 6,28 

61 MPC C0IMJ3 Periostin isoform thy6 2 1 1 87,2 7,94 
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Table G.2 (Continues). The list of identified proteins in PsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

62 MPC P01860 Ig gamma-3 chain C region 32 10 2 41,3 7,9 

63 MPC F8VRZ4 Tubulin alpha-1A chain 
(Fragment) 13 1 1 12,2 5,77 

64 MPC A2KBC5 Anti-HCS scFv (Fragment) 31 6 3 25,2 8,05 

65 MPC Q9BQE3 Tubulin alpha-1C chain 3 1 1 49,9 5,1 

66 MPC B4DM82 Peptidyl-prolyl cis-trans 
isomerase 7 1 1 14,1 8,47 

67 MPC B7Z6G1 cDNA FLJ50671, highly 
similar to Periostin 5 1 1 30,5 5,26 

68 MPC L0R4T3 Histone H2B 13 1 1 7,3 8,88 

69 MPC Q9UBV6 Beta-globin (Fragment) 52 3 3 6,7 5,17 

70 MPC B2R5B6 Histone H2A 7 1 1 14,1 10,9 

71 MPC Q9BWU5 Mutant hemoglobin beta 
chain (Fragment) 30 3 3 11,5 7,05 

72 MPC Q4ZGM8 Hemoglobin alpha-2 
globin mutant (Fragment) 15 1 1 10,8 9,04 

73 MPC F8VWV9 Tubulin alpha-1B chain 
(Fragment) 19 1 1 8,9 5,12 

74 MPC Q0QET7 
Glyceraldehyde-3-
phosphate dehydrogenase 
(Fragment)  

6 1 1 24,6 8,51 

75 MPC H0YC35 Clusterin (Fragment) 4 1 1 33,5 5,74 

76 MPC A4UCT1 
Glyceraldehyde-3-
phosphate dehydrogenase 
(Fragment)  

8 1 1 17,3 8,6 

77 MPC E9NGZ5 Hemoglobin beta globin 
chain (Fragment) 30 3 3 11,5 6,37 

78 MPC A0A087X2
D0 

Serine/arginine-rich-
splicing factor 3 22 1 1 10,3 5,14 

79 MPC B3VL31 Beta globin (Fragment) 30 3 3 11,5 6,68 

80 MPC Q53GA7 Tubulin alpha 6 variant 
(Fragment) 3 1 1 49,8 5,14 

81 MPC A2KBC6 Anti-FactorVIII scFv 
(Fragment) 31 6 3 25 8,41 

82 MPC Q6V0K9 Mutant hemoglobin beta 
chain (Fragment) 30 3 3 11,5 6,68 

83 MPC H6VRF9 Keratin 1 2 1 1 66 7,8 

84 MPC Q96A08 Histone H2B type 1-A 7 1 1 14,2 10,32 

85 MPC H6VRG3 Keratin 1 2 1 1 66,1 7,8 

86 MPC P20671 Histone H2A type 1-D 7 1 1 14,1 10,9 

87 MPC B4DN58 
cDNA FLJ53765, highly 
similar to Tubulin alpha 
chain  

8 1 1 20 4,48 

88 MPC A0A075B6
N8 

Ig gamma-3 chain C region 
(Fragment) 32 10 2 41,3 7,9 

89 MPC Q9BWV6 Mutant beta globin 29 3 3 12,2 6,05 

90 MPC Q1KLZ0 HCG15971, isoform 
CRA_a 20 6 6 41,7 5,48 

91 MPC P06899 Histone H2B type 1-J 7 1 1 13,9 10,32 

92 MPC Q93079 Histone H2B type 1-H 7 1 1 13,9 10,32 

93 MPC B3KT06 

cDNA FLJ37398 fis, clone 
BRAMY2027467, highly 
similar to Tubulin alpha-
ubiquitous chain  
 

4 1 1 46,3 5,14 
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Table G.2 (Continues). The list of identified proteins in PsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

94 MPC Q9BX83 Hemoglobin alpha 1 globin 
chain (Fragment) 15 1 1 10,7 7,72 

95 MPC A9YUX2 Truncated beta-globin 51 3 3 7 8,22 

96 MPC Q53GK6 Beta actin variant 
(Fragment) 20 6 6 41,7 5,48 

97 MPC P68363 Tubulin alpha-1B chain 3 1 1 50,1 5,06 

98 MPC Q9GZL9 Beta-globin (Fragment) 28 3 3 12,5 6,37 

99 MPC Q9UL78 

Myosin-reactive 
immunoglobulin light 
chain variable region 
(Fragment) 

46 4 1 11,6 8,29 

100 MPC Q8IWL5 CLU (Fragment) 9 1 1 16,3 6,01 

101 MPC O60814 Histone H2B type 1-K 7 1 1 13,9 10,32 

102 MPC V9GZN0 
Histone H2A gene 
(lambda-HHG55) 
(Fragment) 

19 1 1 5 11,9 

103 MPC Q71U36 Tubulin alpha-1A chain 3 1 1 50,1 5,06 

104 MPC Q8N257 Histone H2B type 3-B 7 1 1 13,9 10,32 

105 MPC A0A024Q
ZZ7 Histone H2B 7 1 1 13,9 10,32 

106 MPC U3PXP0 Alpha globin chain 
(Fragment) 29 1 1 5,7 7,52 

107 MPC B5ANL9 Beta globin chain 
(Fragment) 36 3 3 9,5 6,79 

108 MPC A3KPC7 Histone H2A 7 1 1 13,9 10,89 

109 MPC A0A0A0M
S15 

Protein IGHV3-49 
(Fragment) 8 1 1 13 8,62 

110 MPC Q3LR79 Hemoglobin beta 
(Fragment) 30 3 3 11,5 5,77 

111 MPC I6L9F7 Histone H2B (Fragment) 7 1 1 15,1 10,24 

112 MPC F8VQQ4 Tubulin alpha-1A chain 
(Fragment) 7 1 1 24,2 5,29 

113 MPC P62807 Histone H2B type 1-
C/E/F/G/I 7 1 1 13,9 10,32 

114 MPC B4DW52 
cDNA FLJ55253, highly 
similar to Actin, 
cytoplasmic 1 

21 6 6 38,6 5,35 

115 MPC Q53G99 Beta actin variant 
(Fragment) 20 6 6 41,7 5,59 

116 MPC P57053 Histone H2B type F-S 7 1 1 13,9 10,37 

117 MPC E7ERK6 Clusterin (Fragment) 6 1 1 23,7 5,15 

118 MPC C9J5S7 Peptidyl-prolyl cis-trans 
isomerase 7 1 1 13,2 6,77 

119 MPC Q99880 Histone H2B type 1-L 7 1 1 13,9 10,32 

120 MPC P33778 Histone H2B type 1-B 7 1 1 13,9 10,32 

121 MPC Q5EBM2 Uncharacterized protein 23 10 2 56,8 6,86 

122 MPC A8JZY9 cDNA FLJ78587 3 1 1 50,1 5,06 

123 MPC Q8NF17 FLJ00385 protein 
(Fragment) 24 10 2 56,1 7,59 

124 MPC B4E335 
cDNA FLJ52842, highly 
similar to Actin, 
cytoplasmic 1 

21 6 6 39,2 5,59 

125 MPC D9YZU5 Hemoglobin, beta 22 3 3 16 7,28 
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Table G.2 (Continues). The list of identified proteins in PsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

126 MPC B3KPS3 

cDNA FLJ32131 fis, clone 
PEBLM2000267, highly 
similar to Tubulin alpha-
ubiquitous chain  

4 1 1 46,2 5,12 

127 MPC H0YLK8 Clusterin (Fragment) 4 1 1 34,7 6,1 

128 MPC P01617 Ig kappa chain V-II region 
TEW 33 2 2 12,3 6 

129 MPC Q14484 Beta-globin (Fragment) 52 3 3 6,7 4,88 

130 MPC A0A087X1
V9 Protein IGKV2-28 36 2 2 11 5,24 

131 MPC P23527 Histone H2B type 1-O 7 1 1 13,9 10,32 

132 MPC Q5NV90 V2-17 protein (Fragment) 20 1 1 10,4 4,59 

133 MPC Q8IUL9 
Hemoglobin beta chain 
variant Hb.Sinai-Bel Air 
(Fragment)  

30 3 3 11,5 6,05 

134 MPC B1ALD9 Periostin 2 1 1 90,1 7,94 

135 MPC Q53G76 Beta actin variant 
(Fragment) 20 6 6 41,7 5,48 

136 MPC Q7Z532 Osteoglycin OG 8 2 2 33,9 5,48 

137 MPC Q5TBF5 Mimecan (Fragment) 9 2 2 30,4 8,34 

138 MPC E1B2D1 
Hemoglobin alpha-1 
globin chain variant 
(Fragment)  

15 1 1 10,8 8,48 

139 MPC C8C504 Beta-globin 22 3 3 16 8,06 

140 MPC Q96QV6 Histone H2A type 1-A 7 1 1 14,2 10,86 

141 MPC A8K0R3 
Osteoglycin 
(Osteoinductive factor, 
mimecan), isoform CRA_a 

8 2 2 33,9 5,63 

142 MPC E7EUT5 Glyceraldehyde-3-
phosphate dehydrogenase 5 1 1 27,9 6,95 

143 MPC B2R5B3 Histone H2A 7 1 1 14,1 11,06 

144 MPC D5FZW3 Beta globin (Fragment) 78 3 3 4,5 5,83 

145 MPC A8K9J7 Histone H2B 7 1 1 14 10,32 

146 MPC B3VL05 Beta globin (Fragment) 30 3 3 11,5 6,68 

147 MPC Q9BTM1 Histone H2A.J 7 1 1 14 10,9 

148 MPC P0C0S5 Histone H2A.Z 7 1 1 13,5 10,58 

149 MPC P02768 Serum albumin 29 13 13 69,3 6,28 

150 MPC B4E3A4 
cDNA FLJ57283, highly 
similar to Actin, 
cytoplasmic 2 

21 6 6 39,8 5,38 

151 MPC V9H1D9 Alpha globin 12 1 1 13,6 8,24 

152 MPC Q8IUE6 Histone H2A type 2-B 7 1 1 14 10,89 

153 MPC Q99877 Histone H2B type 1-N 7 1 1 13,9 10,32 

154 MPC F5H5D3 Tubulin alpha-1C chain 3 1 1 57,7 5,07 

155 MPC Q08AJ9 Histone H2A 7 1 1 14,1 11,05 

156 MPC Q9UP81 Mutant beta-globin 36 3 3 9,7 8,19 

157 MPC Q16778 Histone H2B type 2-E =3 7 1 1 13,9 10,32 

158 MPC S6BGD6 IgG L chain 39 6 1 24,8 7,24 

159 MPC Q52MT0 Beta globin (Fragment) 30 3 3 11,5 6,37 

160 MPC P0C0S8 Histone H2A type 1 7 1 1 14,1 10,9 
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Table G.2 (Continues). The list of identified proteins in PsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

161 MPC Q0D2M2 HIST1H2BC protein 7 1 1 13,8 10,39 

162 MPC A0A087W
XL8 Ig gamma-3 chain C region 23 10 2 56,9 8,25 

163 MPC F8VVB9 Tubulin alpha-1B chain 
(Fragment) 6 1 1 27,4 5,2 

164 MPC E9M4D4 Hemoglobin alpha-1 
globin chain (Fragment) 15 1 1 10,8 8,48 

165 MPC Q9BXA2 Beta-globin (Fragment) 54 3 3 6,5 4,64 

166 MPC F8W6P5 Hemoglobin subunit beta 
(Fragment) 36 3 3 9,7 6,79 

167 MPC E9M263 Hemoglobin beta chain 
(Fragment) 56 3 3 6,2 4,64 

168 MPC Q8WVW5 Putative uncharacterized 
protein (Fragment) 20 6 6 40,5 6,14 

169 MPC P62937 Peptidyl-prolyl cis-trans 
isomerase A 5 1 1 18 7,81 

170 MPC Q8IZI0 
Hemoglobin beta chain 
variant Hb-I_Toulouse 
(Fragment) 

30 3 3 11,5 5,71 

171 MPC Q0Z944 Beta globin (Fragment) 30 3 3 11,5 6,37 

172 MPC H6VRG0 Keratin 1 2 1 1 65,9 7,8 

173 MPC A2KBC8 Anti-TeTox scFv 
(Fragment) 31 6 3 25,1 7,71 

174 MPC A2KBC3 Anti-(ED-B) scFV 
(Fragment) 31 6 3 25,1 7,71 

175 MPC Q7L7L0 Histone H2A type 3 7 1 1 14,1 11,05 

176 MPC Q99879 Histone H2B type 1-M 7 1 1 14 10,32 

177 MPC F8WE65 Peptidyl-prolyl cis-trans 
isomerase 8 1 1 13 6,77 

178 MPC Q6MZQ6 Putative uncharacterized 
protein DKFZp686G11190  40 16 1 52 8,06 

179 MPC Q71V99 Peptidyl-prolyl cis-trans 
isomerase 5 1 1 18 7,9 

180 MPC Q16777 Histone H2A type 2-C 7 1 1 14 10,9 

181 MPC U6A216 Mutant hemoglobin alpha 
1 globin chain (Fragment)  15 1 1 10,7 8,48 

182 MPC Q6N030 Putative uncharacterized 
protein DKFZp686I15212  23 10 2 57 8,05 

183 MPC A2KBC4 Anti-TN-C scFv 
(Fragment) 31 6 3 25,1 8,41 

184 MPC Q6FI13 Histone H2A type 2-A 7 1 1 14,1 10,9 

185 MPC P01623 Ig kappa chain V-III region 
WOL 46 4 1 11,7 8,91 

186 MPC B2RE56 Peptidyl-prolyl cis-trans 
isomerase 5 1 1 18 7,81 

187 MPC Q5QNW6 Histone H2B type 2-F 7 1 1 13,9 10,32 

188 MPC U3KQK0 Histone H2B 5 1 1 18,8 10,54 

189 MPC A2MYD4 V2-7 protein (Fragment) 20 1 1 10,3 5,01 

190 MPC H6VRF8 Keratin 1 2 1 1 66 8,12 

191 MPC Q4TZM4 Hemoglobin beta chain 
(Fragment) 32 3 3 11 6,52 

192 MPC A0A087W
V47 Ig gamma-1 chain C region 50 19 0 51,1 7,55 

193 MPC Q2TSD0 Glyceraldehyde-3-
phosphate dehydrogenase 4 1 1 36 8,46 

194 MPC F8WE04 Heat shock protein beta-1 5 1 1 20,4 9,06 
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No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

Calc. 
pI 

195 MPC F8VX09 Tubulin alpha-1B chain 
(Fragment) 20 1 1 8,3 5,33 

196 MPC I1VZV6 Hemoglobin alpha 1 11 1 1 15,3 9,03 

197 MPC Q0VAS5 Histone H4 19 2 2 11,3 11,03 

198 MPC A0A087W
U91 Protein IGHV3-49 8 1 1 12,3 8,92 

199 MPC Q71UI9 Histone H2A.V 7 1 1 13,5 10,58 

200 MPC Q93077 Histone H2A type 1-C 7 1 1 14,1 11,05 

201 MPC C9J0D1 Histone H2A 7 1 1 13,2 9,99 
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Table G.3. The list of identified proteins in PsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

1 MP A2NB45 Cold agglutinin FS-1 L-
chain (Fragment)  33 2 2 12,4 8,48 

2 MP D9YZU5 Hemoglobin, beta  65 7 7 16 7,28 

3 MP B4DPP6 cDNA FLJ54371, highly 
similar to Serum albumin  33 14 14 70,3 6,09 

4 MP P01717 Ig lambda chain V-IV 
region Hil  18 1 1 11,5 6,51 

5 MP P01616 Ig kappa chain V-II region 
MIL  21 1 1 12 9,29 

6 MP B2R7Q9 cDNA, FLJ93562  3 1 1 59,6 4,82 

7 MP S6BGE0 IgG H chain  29 7 1 32,2 7,85 

8 MP A0A087W
VW2 Ig gamma-3 chain C region  21 8 2 57,1 8,1 

9 MP V9HW43 Epididymis secretory 
protein Li 102  5 1 1 22,8 6,4 

10 MP A0A087W
VN6 Protein IGKV1-27  35 2 2 10,4 8,47 

11 MP P01861 Ig gamma-4 chain C region  31 6 1 35,9 7,36 

12 MP A0A087W
ZW8 Protein IGKV3-11  41 8 0 25,6 6,01 

13 MP P16104 Histone H2AX  6 1 1 15,1 10,74 

14 MP Q0ZCH9 
Immunglobulin heavy 
chain variable region 
(Fragment)  

41 4 1 13,4 8,46 

15 MP V9HW68 Epididymis luminal protein 
214  43 16 3 51,7 7,75 

16 MP Q8N355 IGL@ protein  29 5 3 24,8 6,37 

17 MP C3VMY8 Alpha B crystallin  22 2 2 20,1 7,08 

18 MP Q9UL85 

Myosin-reactive 
immunoglobulin kappa 
chain variable region 
(Fragment)  

17 1 1 11,8 8,51 

19 MP Q6P528 ASPN protein  5 1 1 43,9 6,48 

20 MP A0N5G5 Rheumatoid factor D5 light 
chain (Fragment)  23 2 1 12,8 8,97 

21 MP A0A024R
5Z7 Annexin  5 1 1 38,6 7,75 

22 MP Q6NS95 IGL@ protein  21 3 1 25,1 6,67 

23 MP P01620 Ig kappa chain V-III region 
SIE  31 2 2 11,8 8,48 

24 MP Q96K68 

cDNA FLJ14473 fis, clone 
MAMMA1001080, highly 
similar to Homo sapiens 
SNC73 protein (SNC73) 
mRNA OS=Homo sapiens 
PE=2 SV=1 

9 2 1 53,1 6,86 

25 MP Q9UL88 

Myosin-reactive 
immunoglobulin heavy 
chain variable region 
(Fragment)  

15 1 1 14,1 9,63 

         

26 MP Q6N093 
Putative uncharacterized 
protein DKFZp686I04196 
(Fragment)  

32 10 4 46 7,59 

27 MP A0A087W
TX5 Ig kappa chain C region  43 8 1 25,6 7,97 

28 MP D1MGQ2 Alpha-2 globin chain  49 4 4 15,2 8,68 
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Table G.3 (Continues). The list of identified proteins in PsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

29 MP A5A3E0 POTE ankyrin domain 
family member F  1 1 1 121,4 6,2 

30 MP P01613 Ig kappa chain V-I region 
Ni  16 1 1 12,2 5,36 

31 MP H6VRG1 Keratin 1  4 2 2 66,1 8,12 

32 MP S6BAP0 IgG H chain  21 5 1 24 8,54 

33 MP P01625 Ig kappa chain V-IV region 
Len  24 2 2 12,6 7,93 

34 MPC Q8WVW5 Putative uncharacterized 
protein (Fragment)  4 1 1 40,5 6,14 

35 MPC Q9BXN1 Asporin  6 1 1 43,4 7,08 

36 MPC H0YKS4 Annexin (Fragment)  9 1 1 19,5 5,96 

37 MPC H6VRF9 Keratin 1  4 2 2 66 7,8 

38 MPC Q5NV90 V2-17 protein (Fragment)  20 1 1 10,4 4,59 

39 MPC Q96DE1 Putative uncharacterized 
protein (Fragment)  10 1 1 17,7 5,3 

40 MPC Q53G76 Beta actin variant 
(Fragment)  4 1 1 41,7 5,48 

41 MPC B3KUD3 

cDNA FLJ39583 fis, clone 
SKMUS2004897, highly 
similar to ACTIN, ALPHA 
SKELETAL MUSCLE 
OS=Homo sapiens PE=2 
SV=1 

5 1 1 37,8 5,73 

42 MPC P63267 Actin, gamma-enteric 
smooth muscle  4 1 1 41,9 5,48 

43 MPC A0A087W
V47 Ig gamma-1 chain C region  43 16 3 51,1 7,55 

44 MPC F8WE04 Heat shock protein beta-1  5 1 1 20,4 9,06 

45 MPC A2MYD4 V2-7 protein (Fragment)  20 1 1 10,3 5,01 

46 MPC Q9BTM1 Histone H2A.J  7 1 1 14 10,9 

47 MPC H0YMD0 Annexin (Fragment)  7 1 1 25,3 5,97 

48 MPC B4E3A4 
cDNA FLJ57283, highly 
similar to Actin, 
cytoplasmic 2  

4 1 1 39,8 5,38 

49 MPC Q96FU6 ACTG1 protein (Fragment)  10 1 1 18,4 5,35 

50 MPC H6VRF8 Keratin 1  4 2 2 66 8,12 

51 MPC Q93077 Histone H2A type 1-C  7 1 1 14,1 11,05 

52 MPC B3KPP5 

cDNA FLJ32030 fis, clone 
NTONG2000040, highly 
similar to Actin, alpha 
cardiac  

9 1 1 20,9 5,66 

53 MPC B4E335 
cDNA FLJ52842, highly 
similar to Actin, 
cytoplasmic 1 

5 1 1 39,2 5,59 

54 MPC V9HVZ7 Epididymis luminal protein 
176  7 1 1 25 5,66 

55 MPC H0YLE2 Annexin A2 (Fragment)  36 1 1 5,3 4,5 

56 MPC P01622 Ig kappa chain V-III region 
Ti  31 2 2 11,8 8,5 

57 MPC B2R5B6 Histone H2A  7 1 1 14,1 10,9 

58 MPC P04264 Keratin, type II 
cytoskeletal 1  4 2 2 66 8,12 

59 MPC Q99878 Histone H2A type 1-J  7 1 1 13,9 10,89 
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Table G.3 (Continues). The list of identified proteins in PsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

60 MPC A4UCT3 Beta-actin (Fragment)  12 1 1 14,7 5,12 

61 MPC Q53G99 Beta actin variant 
(Fragment)  4 1 1 41,7 5,59 

62 MPC Q5TBF2 Asporin  9 1 1 27,7 5,66 

63 MPC Q9BYX7 Putative beta-actin-like 
protein 3  4 1 1 42 6,33 

64 MPC H0YN28 Annexin (Fragment)  12 1 1 16,1 5,17 

65 MPC A3KPC7 Histone H2A  7 1 1 13,9 10,89 

66 MPC A8K3K1 

cDNA FLJ78096, highly 
similar to Homo sapiens 
actin, alpha, cardiac muscle 
(ACTC), mRNA  

4 1 1 42 5,39 

67 MPC A0A087X
1V9 Protein IGKV2-28  36 2 2 11 5,24 

68 MPC H6VRG3 Keratin 1  4 2 2 66,1 7,8 

69 MPC A0A075B
6N8 

Ig gamma-3 chain C region 
(Fragment)  29 8 2 41,3 7,9 

70 MPC Q6MZV6 Putative uncharacterized 
protein DKFZp686L19235  9 2 1 51,6 5,77 

71 MPC Q6PJ43 ACTG1 protein (Fragment)  6 1 1 29,4 5,69 

72 MPC P04206 Ig kappa chain V-III region 
GOL  31 2 2 11,8 9,25 

73 MPC B7Z6P1 
cDNA FLJ53662, highly 
similar to Actin, alpha 
skeletal muscle  

5 1 1 38,6 5,38 

74 MPC Q53GK6 Beta actin variant 
(Fragment)  4 1 1 41,7 5,48 

75 MPC V9GZN0 
Histone H2A gene 
(lambda-HHG55) 
(Fragment)  

19 1 1 5 11,9 

76 MPC U6A216 Mutant hemoglobin alpha 1 
globin chain (Fragment)  69 4 4 10,7 8,48 

77 MPC P0C0S5 Histone H2A.Z  7 1 1 13,5 10,58 

78 MPC Q1KLZ0 HCG15971, isoform 
CRA_a  4 1 1 41,7 5,48 

79 MPC B4E2Z7 cDNA FLJ61562, highly 
similar to Asporin  9 1 1 27,5 5,99 

80 MPC H0YMM1 Annexin (Fragment)  11 1 1 16,4 5,91 

81 MPC Q5T8M8 Actin, alpha skeletal 
muscle  6 1 1 32 5,41 

82 MPC H6VRG0 Keratin 1  4 2 2 65,9 7,8 

83 MPC Q5EBM2 Uncharacterized protein  21 8 2 56,8 6,86 

84 MPC Q6S8J3 POTE ankyrin domain 
family member E  1 1 1 121,3 6,2 

85 MPC H0YNA0 Annexin (Fragment)  20 1 1 9,1 4,7 

86 MPC F8VZY2 
Cysteine/serine-rich 
nuclear protein 2 
(Fragment)  

13 1 1 12,6 7,99 

87 MPC F8W1G8 
Cysteine/serine-rich 
nuclear protein 2 
(Fragment)  

17 1 1 9,5 8,16 

88 MPC H0YL33 Annexin (Fragment)  11 1 1 16,4 5,17 

89 MPC P01860 Ig gamma-3 chain C region  29 8 2 41,3 7,9 

90 MPC C9J0D1 Histone H2A  7 1 1 13,2 9,99 

91 MPC Q96QV6 Histone H2A type 1-A  7 1 1 14,2 10,86 
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Peptides 
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Peptides 

MW 
[kDa] 

calc. 
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92 MPC P68032 Actin, alpha cardiac muscle 
1  4 1 1 42 5,39 

93 MPC Q6N030 Putative uncharacterized 
protein DKFZp686I15212  21 8 2 57 8,05 

94 MPC P01623 Ig kappa chain V-III region 
WOL  31 2 2 11,7 8,91 

95 MPC P02511 Alpha-crystallin B chain  22 2 2 20,1 7,33 

96 MPC P63261 Actin, cytoplasmic 2  4 1 1 41,8 5,48 

97 MPC H0YMU9 Annexin  7 1 1 25,6 5,97 

98 MPC G8FSY7 Beta actin (Fragment)  7 1 1 25,7 6,39 

99 MPC Q13707 ACTA2 protein (Fragment)  5 1 1 36,8 5,35 

100 MPC H0YNP5 Annexin (Fragment)  9 1 1 19,7 5,21 

101 MPC P0C0S8 Histone H2A type 1  7 1 1 14,1 10,9 

102 MPC B3KWQ3 

cDNA FLJ43573 fis, clone 
RECTM2001691, highly 
similar to Actin, 
cytoplasmic 2  

6 1 1 28,2 5,34 

103 MPC Q9H175 Cysteine/serine-rich 
nuclear protein 2  3 1 1 59,6 4,77 

104 MPC B7ZAP6 
cDNA, FLJ79260, highly 
similar to Actin, 
cytoplasmic 2  

5 1 1 33,1 5,64 

105 MPC Q71UI9 Histone H2A.V  7 1 1 13,5 10,58 

106 MPC B2R5B3 Histone H2A  7 1 1 14,1 11,06 

107 MPC B4DNH8 Annexin  8 1 1 21,7 6,35 

108 MPC Q7L7L0 Histone H2A type 3  7 1 1 14,1 11,05 

109 MPC B3KRQ1 Annexin  9 1 1 20,9 5,16 

110 MPC Q6FI13 Histone H2A type 2-A  7 1 1 14,1 10,9 

111 MPC Q16777 Histone H2A type 2-C  7 1 1 14 10,9 

112 MPC E9M4D4 Hemoglobin alpha-1 globin 
chain (Fragment)  69 4 4 10,8 8,48 

113 MPC B4DW52 
cDNA FLJ55253, highly 
similar to Actin, 
cytoplasmic 1  

5 1 1 38,6 5,35 

114 MPC Q9UL83 

Myosin-reactive 
immunoglobulin light 
chain variable region 
(Fragment)  

17 1 1 11,8 8,68 

115 MPC A0A087W
XL8 Ig gamma-3 chain C region  21 8 2 56,9 8,25 

116 MPC A6NMY6 Putative annexin A2-like 
protein  5 1 1 38,6 6,95 

117 MPC F1BXA6 Beta-actin (Fragment)  15 1 1 12,2 6,05 

118 MPC P62736 Actin, aortic smooth 
muscle  4 1 1 42 5,39 

119 MPC B4DVQ0 
cDNA FLJ58286, highly 
similar to Actin, 
cytoplasmic 2  

5 1 1 37,3 5,71 

120 MPC P68133 Actin, alpha skeletal 
muscle  4 1 1 42 5,39 

121 MPC H0YM50 Annexin (Fragment)  6 1 1 28,4 5,83 

122 MPC P02768 Serum albumin  33 14 14 69,3 6,28 

123 MPC B4DUI8 cDNA FLJ52761, highly 
similar to Actin  5 1 1 37,3 5,55 
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Table G.3 (Continues). The list of identified proteins in PsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

124 MPC Q5T8M7 Actin, alpha skeletal 
muscle  5 1 1 37,8 5,58 

125 MPC K4ENJ5 Beta actin (Fragment)  16 1 1 11 5 

126 MPC V9HW65 Annexin  5 1 1 38,6 7,75 

127 MPC A5GZ75 Beta-actin (Fragment)  11 1 1 16,8 5,58 

128 MPC E9PR44 Alpha-crystallin B chain 
(Fragment)  22 2 2 20 7,03 

129 MPC B3KW67 

cDNA FLJ42347 fis, clone 
UTERU2003399, highly 
similar to Actin, gamma-
enteric smooth muscle 
OS=Homo sapiens PE=2 
SV=1 

4 1 1 41,8 5,48 

130 MPC Q562R1 Beta-actin-like protein 2  4 1 1 42 5,59 

131 MPC Q9BX83 Hemoglobin alpha 1 globin 
chain (Fragment)  69 4 4 10,7 7,72 

132 MPC K4EP00 Beta actin (Fragment)  16 1 1 11 4,88 

133 MPC Q8NF17 FLJ00385 protein 
(Fragment)  21 8 2 56,1 7,59 

134 MPC H0YN42 Annexin (Fragment)  6 1 1 28,8 5,78 

135 MPC Q8IUE6 Histone H2A type 2-B  7 1 1 14 10,89 

136 MPC P20671 Histone H2A type 1-D  7 1 1 14,1 10,9 

137 MPC P01617 Ig kappa chain V-II region 
TEW  33 2 2 12,3 6 

138 MPC Q08AJ9 Histone H2A  7 1 1 14,1 11,05 

139 MPC Q9UL78 

Myosin-reactive 
immunoglobulin light 
chain variable region 
(Fragment)  

31 2 2 11,6 8,29 

140 MPC H0YN52 Annexin (Fragment)  27 1 1 6,8 4,88 
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 Table G.4. The list of identified proteins in Cs 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

1 MP A0A087W
VW2 Ig gamma-3 chain C region 4 2 1 57,1 8,1 

2 MP B4DPP6 
cDNA FLJ54371, highly 
similar to Serum albumin 6 2 2 70,3 6,09 

3 MP Q8TCD0 Uncharacterized protein 20 3 3 26,2 8,06 

4 MP Q7Z351 
Putative uncharacterized 
protein DKFZp686N02209 9 3 2 52,8 8,48 

5 MP A0A075B6
Z2 

Protein TRAJ56 
(Fragment) 38 1 1 2,2 10,29 

6 MPC Q6N096 
Putative uncharacterized 
protein DKFZp686I15196 9 3 2 50,9 8,06 

7 MPC A0A0A0M
S07 

Ig gamma-1 chain C region 
(Fragment) 14 3 2 32 8,03 

8 MPC A0A087W
V47 Ig gamma-1 chain C region 9 3 2 51,1 7,55 

9 MPC A0A087W
YE1 Ig gamma-1 chain C region 9 3 2 52,1 7,55 

10 MPC F6KPG5 Albumin (Fragment) 6 2 2 66,5 6,04 

11 MPC 
Q6PYX1 

Hepatitis B virus receptor 
binding protein (Fragment) 
1 12 3 2 38,1 8,03 

12 MPC A0A087X0
10 Ig gamma-1 chain C region 9 3 2 50,8 8,18 

13 MPC A0A087W
TX5 Ig kappa chain C region 20 3 3 25,6 7,97 

14 MPC Q5EBM2 Uncharacterized protein 4 2 1 56,8 6,86 
15 MPC Q6PIL8 IGK@ protein 20 3 3 25,8 6,55 

16 MPC B4DPR2 
cDNA FLJ50830, highly 
similar to Serum albumin 7 2 2 59,5 7,17 

17 MPC A0A087W
WV8 Protein IGKV1-8 21 3 3 25,6 8,5 

18 MPC Q6N095 
Putative uncharacterized 
protein DKFZp686K03196 9 3 2 52,3 8,57 

19 MPC A0A087X1
30 Ig kappa chain C region 21 3 3 25,1 6,32 

20 MPC 
A8K9P0 

cDNA FLJ78413, highly 
similar to Homo sapiens 
albumin, mRNA 6 2 2 69,2 6,28 

21 MPC V9HW68 
Epididymis luminal protein 
214 9 3 2 51,7 7,75 

22 MPC Q0KKI6 
Immunoblobulin light 
chain (Fragment) 22 3 3 24 8,06 

23 MPC Q5EFE5 
Anti-RhD monoclonal 
T125 gamma1 heavy chain 9 3 2 52,3 8,35 

24 MPC Q6N089 
Putative uncharacterized 
protein DKFZp686P15220 9 3 2 51,7 7,93 

25 MPC 
Q6N093 

Putative uncharacterized 
protein DKFZp686I04196 
(Fragment) 5 2 1 46 7,59 

26 MPC Q68CN4 
Putative uncharacterized 
protein DKFZp686E23209 5 2 1 51,5 7,56 

27 MPC Q6MZV7 
Putative uncharacterized 
protein DKFZp686C11235 9 3 2 52,1 7,58 

28 MPC Q8NF17 
FLJ00385 protein 
(Fragment) 4 2 1 56,1 7,59 

29 MPC 
Q6MZX7 

Putative uncharacterized 
protein 
DKFZp686M24218 5 2 1 52,4 7,77 

30 MPC P01860 Ig gamma-3 chain C region 6 2 1 41,3 7,9 
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Table G.4 (Continues). The list of identified proteins in Cs 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

31 MPC Q6N030 
Putative uncharacterized 
protein DKFZp686I15212 4 2 1 57 8,05 

32 MPC Q6MZU6 
Putative uncharacterized 
protein DKFZp686C15213 5 2 1 51,1 7,71 

33 MPC S6B291 IgG H chain 9 3 2 50,8 7,77 
34 MPC Q7Z3Y4 Uncharacterized protein 20 3 3 25,7 7,59 

35 MPC V9HW34 
Epididymis luminal protein 
213 20 3 3 25,6 6,55 

36 MPC A0A087W
YC5 Ig gamma-1 chain C region 9 3 2 52,4 8,21 

37 MPC Q6MZQ6 
Putative uncharacterized 
protein DKFZp686G11190 9 3 2 52 8,06 

38 MPC Q6N094 
Putative uncharacterized 
protein DKFZp686O01196 9 3 2 52,6 8,18 

39 MPC Q6P5S8 IGK@ protein 20 3 3 25,8 6,33 

40 MPC A0A0A0M
S08 

Ig gamma-1 chain C region 
(Fragment) 10 3 2 43,9 6,96 

41 MPC P02768 Serum albumin 6 2 2 69,3 6,28 
42 MPC P01859 Ig gamma-2 chain C region 7 2 1 35,9 7,59 

43 MPC A0A087W
XL8 Ig gamma-3 chain C region 4 2 1 56,9 8,25 

44 MPC A0A087W
ZW8 Protein IGKV3-11 21 3 3 25,6 6,01 

45 MPC P01834 Ig kappa chain C region 45 3 3 11,6 5,87 
46 MPC P01857 Ig gamma-1 chain C region 12 3 2 36,1 8,19 
47 MPC Q56G89 Serum albumin 6 2 2 69 6,2 
48 MPC Q6GMX0 Uncharacterized protein 20 3 3 25,8 7,97 

49 MPC A0A087X0
79 Ig gamma-1 chain C region 9 3 2 51,9 8,07 

50 MPC P01861 Ig gamma-4 chain C region 7 2 1 35,9 7,36 

51 MPC Q5EFE6 
Anti-RhD monoclonal 
T125 kappa light chain 21 3 3 25,7 8,43 

52 MPC Q6N097 
Putative uncharacterized 
protein DKFZp686H20196 9 3 2 52,7 8,48 

53 MPC A0N4V7 HCG2039797 (Fragment) 38 1 1 2,2 9,74 
54 MPC Q6GMX6 IGH@ protein 9 3 2 51,1 8,69 
55 MPC Q6PJF2 IGK@ protein 20 3 3 25,5 6,55 

56 MPC A0A075B6
N8 

Ig gamma-3 chain C region 
(Fragment) 6 2 1 41,3 7,9 

57 MPC A8K008 cDNA FLJ78387 9 3 2 51,6 8,16 

58 MPC A0A087W
YL9 Ig kappa chain C region 21 3 3 25,6 8,5 

59 MPC A0A087X1
C7 Ig gamma-1 chain C region 9 3 2 50,5 8,44 
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Table G.5. The list of identified proteins in CsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

1 MP Q6GMX3 IGL@ protein 8 1 1 24,7 6,89 

2 MP A6NNU8 
Nuclear receptor 
subfamily 0 group B 
member 1 

9 1 1 11,8 8,31 

3 MP B4DPP6 cDNA FLJ54371, highly 
similar to Serum albumin 12 5 5 70,3 6,09 

4 MP F5H2R5 Rho GDP-dissociation 
inhibitor 2 (Fragment) 19 1 1 9,8 4,59 

5 MP E7DVW7 
Membrane bound O-
acyltransferase domain 
containing 4 

3 1 1 49,7 8,47 

6 MP Q8TCD0 Uncharacterized protein 27 4 4 26,2 8,06 

7 MP Q68CN4 
Putative uncharacterized 
protein 
DKFZp686E23209 

10 4 2 51,5 7,56 

8 MP A0A075B6
Z2 

Protein TRAJ56 
(Fragment) 38 1 1 2,2 10,29 

9 MP Q7Z351 
Putative uncharacterized 
protein 
DKFZp686N02209 

26 8 6 52,8 8,48 

10 MP A2NB46 Cold agglutinin FS-2 L-
chain (Fragment) 17 1 1 11,9 9,01 

11 MP P63261 Actin, cytoplasmic 2 9 2 2 41,8 5,48 

12 MP Q99504 Eyes absent homolog 3 2 1 1 62,6 5,21 

13 MP Q8TC57 Meiosis 1 arrest protein 4 1 1 59,3 6,87 

14 MP Q68DX3 FERM and PDZ domain-
containing protein 2 1 1 1 144,2 6,74 

15 MP B4DR52 Histone H2B 9 1 1 18 10,32 

16 MP Q9HB96 Fanconi anemia group E 
protein 2 1 1 58,7 5,24 

17 MP Q9BWT3 Poly(A) polymerase 
gamma 1 1 1 82,8 9,14 

18 MPC P0CG05 Ig lambda-2 chain C 
regions 18 1 1 11,3 7,24 

19 MPC Q6PYX1 
Hepatitis B virus 
receptor binding protein 
(Fragment) 

35 8 6 38,1 8,03 

20 MPC Q6N095 
Putative uncharacterized 
protein 
DKFZp686K03196 

26 8 6 52,3 8,57 

21 MPC A0A087X0
10 

Ig gamma-1 chain C 
region 27 8 6 50,8 8,18 

22 MPC I6L9F7 Histone H2B (Fragment) 11 1 1 15,1 10,24 

23 MPC Q6GMW3 IGL@ protein 8 1 1 24,6 6,37 

24 MPC Q53G76 Beta actin variant 
(Fragment) 9 2 2 41,7 5,48 

25 MPC Q8WVW5 Putative uncharacterized 
protein (Fragment) 9 2 2 40,5 6,14 

26 MPC Q6PJG0 Uncharacterized protein 8 1 1 24,6 7,3 

27 MPC S6BAP8 IgG L chain 9 1 1 22,8 7,99 

28 MPC Q6PIL8 IGK@ protein 28 4 4 25,8 6,55 

29 MPC G3GAU4 
Anti-H1N1 influenza HA 
kappa chain variable 
region (Fragment) 

17 1 1 11,6 7,96 

30 MPC B4E335 
cDNA FLJ52842, highly 
similar to Actin, 
cytoplasmic 1 

10 2 2 39,2 5,59 
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Table G.5 (Continues). The list of identified proteins in CsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

1 MPC Q1KLZ0 HCG15971, isoform 
CRA_a 9 2 2 41,7 5,48 

32 MPC Q6GMV8 Uncharacterized protein 8 1 1 24,9 6,67 

33 MPC A0A024Q
ZZ7 Histone H2B 12 1 1 13,9 10,32 

34 MPC Q8N355 IGL@ protein 8 1 1 24,8 6,37 

35 MPC A0A075B6
K9 

Ig lambda-2 chain C 
regions (Fragment) 18 1 1 11,3 7,24 

36 MPC Q6PJR7 Beta-2-microglobulin 14 1 1 14,7 6,73 

37 MPC Q5EFE6 Anti-RhD monoclonal 
T125 kappa light chain 28 4 4 25,7 8,43 

38 MPC Q93079 Histone H2B type 1-H 12 1 1 13,9 10,32 

39 MPC S6C4S2 IgG L chain 9 1 1 22,8 8,07 

40 MPC Q96T53 Ghrelin O-
acyltransferase 3 1 1 49,7 8,47 

41 MPC Q53GK6 Beta actin variant 
(Fragment) 9 2 2 41,7 5,48 

42 MPC A0A087W
YC5 

Ig gamma-1 chain C 
region 26 8 6 52,4 8,21 

43 MPC V9HW68 Epididymis luminal 
protein 214 26 8 6 51,7 7,75 

44 MPC A0A075B6
L1 

Ig lambda-7 chain C 
region (Fragment) 18 1 1 11,3 8,29 

45 MPC A0A087W
WV8 Protein IGKV1-8 28 4 4 25,6 8,5 

46 MPC B4DPR2 cDNA FLJ50830, highly 
similar to Serum albumin 15 5 5 59,5 7,17 

47 MPC O60814 Histone H2B type 1-K 12 1 1 13,9 10,32 

48 MPC P0CF74 Ig lambda-6 chain C 
region 18 1 1 11,3 7,24 

49 MPC Q6IN99 IGL@ protein 8 1 1 24,9 6,74 

50 MPC Q8N5F4 IGL@ protein 8 1 1 24,9 5,34 

51 MPC F6KPG5 Albumin (Fragment) 13 5 5 66,5 6,04 

52 MPC Q99880 Histone H2B type 1-L 12 1 1 13,9 10,32 

53 MPC A0A087W
V47 

Ig gamma-1 chain C 
region 26 8 6 51,1 7,55 

54 MPC Q6N093 

Putative uncharacterized 
protein 
DKFZp686I04196 
(Fragment) 

11 4 2 46 7,59 

55 MPC A2NUT2 Lambda-chain (AA -20 
to 215) 8 1 1 24,6 7,62 

56 MPC Q6MZV7 
Putative uncharacterized 
protein 
DKFZp686C11235 

26 8 6 52,1 7,58 

57 MPC B4DW52 
cDNA FLJ55253, highly 
similar to Actin, 
cytoplasmic 1 

10 2 2 38,6 5,35 

58 MPC S6BGF9 IgG L chain 9 1 1 22,7 8 

59 MPC P23527 Histone H2B type 1-O 12 1 1 13,9 10,32 

60 MPC P01623 Ig kappa chain V-III 
region WOL 17 1 1 11,7 8,91 

61 MPC U3KQK0 Histone H2B 9 1 1 18,8 10,54 

62 MPC S6C4Q9 IgG L chain 9 1 1 22,8 6,76 

63 MPC S6B2B0 IgG L chain 9 1 1 23,1 8,53 
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Table G.5 (Continues). The list of identified proteins in CsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

64 MPC S6B291 IgG H chain 26 8 6 50,8 7,77 

65 MPC Q99877 Histone H2B type 1-N 12 1 1 13,9 10,32 

66 MPC Q7Z3Y4 Uncharacterized protein 28 4 4 25,7 7,59 

67 MPC A0M8Q6 Ig lambda-7 chain C 
region 18 1 1 11,3 8,28 

68 MPC A8K9J7 Histone H2B 12 1 1 14 10,32 

69 MPC Q567P1 IGL@ protein 8 1 1 24,8 7,3 

70 MPC Q6PIQ7 IGL@ protein 8 1 1 25 7,97 

71 MPC P06899 Histone H2B type 1-J 12 1 1 13,9 10,32 

72 MPC P0CG06 Ig lambda-3 chain C 
regions 18 1 1 11,2 7,24 

73 MPC Q6N089 
Putative uncharacterized 
protein 
DKFZp686P15220 

26 8 6 51,7 7,93 

74 MPC Q5EFE5 
Anti-RhD monoclonal 
T125 gamma1 heavy 
chain 

26 8 6 52,3 8,35 

75 MPC P62807 Histone H2B type 1-
C/E/F/G/I 12 1 1 13,9 10,32 

76 MPC Q7Z2U7 Uncharacterized protein 8 1 1 25 6,38 

77 MPC Q8TCJ5 
Putative uncharacterized 
protein DKFZp667J0810 
(Fragment) 

18 1 1 11,3 7,24 

78 MPC S6BAR0 IgG L chain 9 1 1 23,1 7,69 

79 MPC B4E3A4 
cDNA FLJ57283, highly 
similar to Actin, 
cytoplasmic 2 

10 2 2 39,8 5,38 

80 MPC Q0D2M2 HIST1H2BC protein 12 1 1 13,8 10,39 

81 MPC S6AWE6 IgG L chain 9 1 1 22,9 8,43 

82 MPC P01620 Ig kappa chain V-III 
region SIE 17 1 1 11,8 8,48 

83 MPC A0A087W
YE1 

Ig gamma-1 chain C 
region 26 8 6 52,1 7,55 

84 MPC B4DVQ0 
cDNA FLJ58286, highly 
similar to Actin, 
cytoplasmic 2 

10 2 2 37,3 5,71 

85 MPC A0A087W
TX5 Ig kappa chain C region 28 4 4 25,6 7,97 

86 MPC A0A087X1
30 Ig kappa chain C region 28 4 4 25,1 6,32 

87 MPC V9HW34 Epididymis luminal 
protein 213 28 4 4 25,6 6,55 

88 MPC A8K9P0 
cDNA FLJ78413, highly 
similar to Homo sapiens 
albumin, mRNA 

13 5 5 69,2 6,28 

89 MPC P57053 Histone H2B type F-S 12 1 1 13,9 10,37 

90 MPC Q0KKI6 Immunoblobulin light 
chain (Fragment) 30 4 4 24 8,06 

91 MPC Q8N257 Histone H2B type 3-B 12 1 1 13,9 10,32 

92 MPC Q9UL78 

Myosin-reactive 
immunoglobulin light 
chain variable region 
(Fragment) 

17 1 1 11,6 8,29 

93 MPC Q8NEJ1 Uncharacterized protein 8 1 1 25 7,69 

94 MPC Q6PJF2 IGK@ protein 28 4 4 25,5 6,55 
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Table G.5 (Continues). The list of identified proteins in CsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

95 MPC Q6MZQ6 
Putative uncharacterized 
protein 
DKFZp686G11190 

26 8 6 52 8,06 

96 MPC A0N4V7 HCG2039797 
(Fragment) 38 1 1 2,2 9,74 

97 MPC S6BGD6 IgG L chain 8 1 1 24,8 7,24 

98 MPC Q5FWF9 IGL@ protein 8 1 1 24,8 5,59 

99 MPC S6B286 IgG L chain 9 1 1 22,9 8,44 

100 MPC Q6N097 
Putative uncharacterized 
protein 
DKFZp686H20196 

26 8 6 52,7 8,48 

101 MPC Q6GMX6 IGH@ protein 26 8 6 51,1 8,69 

102 MPC P01834 Ig kappa chain C region 61 4 4 11,6 5,87 

103 MPC P02768 Serum albumin 13 5 5 69,3 6,28 

104 MPC Q6N094 
Putative uncharacterized 
protein 
DKFZp686O01196 

26 8 6 52,6 8,18 

105 MPC S6C4R7 IgG L chain 9 1 1 22,5 8,24 

106 MPC Q2TAI9 PAPOLG protein 
(Fragment) 2 1 1 58,1 8,32 

107 MPC P01859 Ig gamma-2 chain C 
region 14 4 2 35,9 7,59 

108 MPC Q16778 Histone H2B type 2-E 12 1 1 13,9 10,32 

109 MPC A0A0A0M
S08 

Ig gamma-1 chain C 
region (Fragment) 31 8 6 43,9 6,96 

110 MPC B3KX03 

cDNA FLJ44410 fis, 
clone TUTER2002729, 
moderately similar to 
Mus musculus DNA 
segment, Chr 6, Miriam 
Meisler 5, expressed 
(D6Mm5e) OS=Homo 
sapiens PE=2 SV=1 

8 1 1 31,6 8,25 

111 MPC A0A075B6
L0 

Ig lambda-3 chain C 
regions (Fragment) 18 1 1 11,3 7,24 

112 MPC P04206 Ig kappa chain V-III 
region GOL 17 1 1 11,8 9,25 

113 MPC B4E1N9 

cDNA FLJ53430, highly 
similar to Homo sapiens 
FERM and PDZ domain 
containing 2 (FRMPD2), 
transcript variant 3, 
mRNA (Fragment) 
OS=Homo sapiens PE=2 
SV=1 

2 1 1 93,5 7,56 

114 MPC Q53T17 
Putative uncharacterized 
protein PAPOLG 
(Fragment) 

2 1 1 53,2 6,89 

115 MPC A8K008 cDNA FLJ78387 26 8 6 51,6 8,16 

116 MPC Q6IPQ0 IGL@ protein 8 1 1 24,8 6,76 

117 MPC Q5QNW6 Histone H2B type 2-F 12 1 1 13,9 10,32 

118 MPC Q6GMX4 IGL@ protein 8 1 1 24,8 6,89 

119 MPC A0A087X0
79 

Ig gamma-1 chain C 
region 26 8 6 51,9 8,07 

120 MPC Q99879 Histone H2B type 1-M 12 1 1 14 10,32 
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Table G.5 (Continues). The list of identified proteins in CsT 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

121 MPC Q6P5S8 IGK@ protein 28 4 4 25,8 6,33 

122 MPC P01622 Ig kappa chain V-III 
region Ti 17 1 1 11,8 8,5 

123 MPC A0A087W
ZW8 Protein IGKV3-11 28 4 4 25,6 6,01 

124 MPC A0A087W
YL9 Ig kappa chain C region 28 4 4 25,6 8,5 

125 MPC A0A5E4 Uncharacterized protein 8 1 1 24,7 5,94 

126 MPC Q6N096 
Putative uncharacterized 
protein 
DKFZp686I15196 

26 8 6 50,9 8,06 

127 MPC Q6GMX0 Uncharacterized protein 28 4 4 25,8 7,97 

128 MPC Q05DB9 PAPOLG protein 
(Fragment) 2 1 1 57 8,75 

129 MPC P01857 Ig gamma-1 chain C 
region 37 8 6 36,1 8,19 

130 MPC C6KXN3 

Lambda light chain of 
human immunoglobulin 
surface antigen-related 
protein (Fragment) 

8 1 1 24,7 5,54 

131 MPC B1APR7 Eyes absent homolog 3 3 1 1 45,5 5,85 

132 MPC A0A087X1
C7 

Ig gamma-1 chain C 
region 27 8 6 50,5 8,44 

133 MPC Q53G99 Beta actin variant 
(Fragment) 9 2 2 41,7 5,59 

134 MPC S6BAN6 IgG L chain 9 1 1 22,9 8,31 

135 MPC P33778 Histone H2B type 1-B 12 1 1 13,9 10,32 
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Table G.6. The list of identified proteins in CsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

1 MP Q7Z351 
Putative uncharacterized 
protein 
DKFZp686N02209  

17 6 3 52,8 8,48 

2 MP Q8TCD0 Uncharacterized protein  20 3 3 26,2 8,06 

3 MP F8W6M1 Tubulin polyglutamylase 
TTLL11  1 1 1 87,6 8,87 

4 MP Q14473 Beta-globin gene from a 
thalassemia patient  13 2 2 18,9 6,79 

5 MP A0A087W
VW2 

Ig gamma-3 chain C 
region  9 4 1 57,1 8,1 

6 MP B2RBD5 

cDNA, FLJ95457, highly 
similar to Homo sapiens 
tubulin, beta, 4 
(TUBB4), mRNA  

4 1 1 50,4 4,93 

7 MP B4DI63 cDNA FLJ59205, highly 
similar to Mimecan  3 1 1 40,5 7,99 

8 MP B4DPP6 cDNA FLJ54371, highly 
similar to Serum albumin  12 5 5 70,3 6,09 

9 MP Q96BY6 Dedicator of cytokinesis 
protein 10  1 1 1 249,4 7,14 

10 MP A0A075B6
Z2 

Protein TRAJ56 
(Fragment)  38 1 1 2,2 10,29 

11 MPC B5ANL9 Beta globin chain 
(Fragment 26 2 2 9,5 6,79 

12 MPC Q6MZQ6 
Putative uncharacterized 
protein 
DKFZp686G11190  

17 6 3 52 8,06 

13 MPC Q0Z944 Beta globin (Fragment)  22 2 2 11,5 6,37 

14 MPC B3VL31 Beta globin (Fragment)  22 2 2 11,5 6,68 

15 MPC Q9UBV6 Beta-globin (Fragment)  38 2 2 6,7 5,17 

16 MPC Q53G92 Tubulin, beta, 4 variant 
(Fragment)  4 1 1 50,3 4,93 

17 MPC Q4W4X9 
Dopamine receptor 
interacting protein 2 
(Fragment)  

3 1 1 80,1 7,46 

18 MPC Q5EBM2 Uncharacterized protein  9 4 1 56,8 6,86 

19 MPC B4DF07 
cDNA FLJ59487, highly 
similar to Dedicator of 
cytokinesis protein 10  

2 1 1 116 8,15 

20 MPC Q9GZL9 Beta-globin (Fragment)  20 2 2 12,5 6,37 

21 MPC V9HW68 Epididymis luminal 
protein 214  18 6 3 51,7 7,75 

22 MPC A0A087W
YC5 

Ig gamma-1 chain C 
region  17 6 3 52,4 8,21 

23 MPC D5FZW3 Beta globin (Fragment)  56 2 2 4,5 5,83 

24 MPC A9YUX2 Truncated beta-globin  37 2 2 7 8,22 

25 MPC Q5EFE6 Anti-RhD monoclonal 
T125 kappa light chain  21 3 3 25,7 8,43 

26 MPC Q9BWV6 Mutant beta globin  21 2 2 12,2 6,05 

27 MPC A0A075B6
N8 

Ig gamma-3 chain C 
region (Fragment)  12 4 1 41,3 7,9 

28 MPC Q14484 Beta-globin (Fragment)  38 2 2 6,7 4,88 

29 MPC Q6PJF2 IGK@ protein  20 3 3 25,5 6,55 

30 MPC A0N4V7 HCG2039797 
(Fragment)  38 1 1 2,2 9,74 

31 MPC D9YZU5 Hemoglobin, beta  16 2 2 16 7,28 
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Table G.6 (Continues). The list of identified proteins in CsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

32 MPC Q6V0K9 Mutant hemoglobin beta 
chain (Fragment)  22 2 2 11,5 6,68 

33 MPC A0A087W
WV8 Protein IGKV1-8  21 3 3 25,6 8,5 

34 MPC A0A087X0
10 

Ig gamma-1 chain C 
region  18 6 3 50,8 8,18 

35 MPC Q6PYX1 
Hepatitis B virus 
receptor binding protein 
(Fragment)  

24 6 3 38,1 8,03 

36 MPC Q6N095 
Putative uncharacterized 
protein 
DKFZp686K03196  

17 6 3 52,3 8,57 

37 MPC Q3LIC8 
Putative uncharacterized 
protein Nbla10300 
(Fragment)  

5 1 1 53,1 5,97 

38 MPC Q7Z3Y4 Uncharacterized protein  20 3 3 25,7 7,59 

39 MPC S6B291 IgG H chain  18 6 3 50,8 7,77 

40 MPC Q6N030 
Putative uncharacterized 
protein 
DKFZp686I15212  

9 4 1 57 8,05 

41 MPC P01860 Ig gamma-3 chain C 
region  12 4 1 41,3 7,9 

42 MPC Q9BV28 TUBB3 protein 
(Fragment)  4 1 1 45,6 5 

43 MPC Q8NF17 FLJ00385 protein 
(Fragment)  9 4 1 56,1 7,59 

44 MPC Q6MZV7 
Putative uncharacterized 
protein 
DKFZp686C11235  

18 6 3 52,1 7,58 

45 MPC Q4ZG60 Putative uncharacterized 
protein DOCK10  4 1 1 62,3 6,19 

46 MPC Q6N089 
Putative uncharacterized 
protein 
DKFZp686P15220 

18 6 3 51,7 7,93 

47 MPC Q5EFE5 
Anti-RhD monoclonal 
T125 gamma1 heavy 
chain  

17 6 3 52,3 8,35 

48 MPC B4DEY4 
cDNA FLJ59486, highly 
similar to Dedicator of 
cytokinesis protein 10  

3 1 1 97,8 8,02 

49 MPC Q52MT0 Beta globin (Fragment)  22 2 2 11,5 6,37 

50 MPC Q0KKI6 Immunoblobulin light 
chain (Fragment)  22 3 3 24 8,06 

51 MPC B3VL86 Mutant beta-globin  17 2 2 14,9 6,77 

52 MPC A8K9P0 
cDNA FLJ78413, highly 
similar to Homo sapiens 
albumin, mRNA  

12 5 5 69,2 6,28 

53 MPC V9HW34 Epididymis luminal 
protein 213  20 3 3 25,6 6,55 

54 MPC A0A087X1
30 Ig kappa chain C region  21 3 3 25,1 6,32 

55 MPC A0A087W
TX5 Ig kappa chain C region  20 3 3 25,6 7,97 

56 MPC A8K0R3 

Osteoglycin 
(Osteoinductive factor, 
mimecan), isoform 
CRA_a  

3 1 1 33,9 5,63 

57 MPC A0A0A0M
S07 

Ig gamma-1 chain C 
region (Fragment)  28 6 3 32 8,03 

58 MPC A0A087W Ig gamma-1 chain C  18 6 3 51,1 7,55 
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Table G.6 (Continues). The list of identified proteins in CsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

  V47 V47 region      

9 MPC A0A087W
YE1 

Ig gamma-1 chain C 
region  17 6 3 52,1 7,55 

60 MPC F6KPG5 Albumin (Fragment)  13 5 5 66,5 6,04 

61 MPC Q9BXA2 Beta-globin (Fragment)  39 2 2 6,5 4,64 

62 MPC A0A087W
YL9 Ig kappa chain C region  21 3 3 25,6 8,5 

63 MPC H0YFC5 Dedicator of cytokinesis 
protein 10 (Fragment)  12 1 1 22,2 8,44 

64 MPC Q3LR79 Hemoglobin beta 
(Fragment)  22 2 2 11,5 5,77 

65 MPC Q6PIL8 IGK@ protein  20 3 3 25,8 6,55 

66 MPC B3VL05 Beta globin (Fragment)  22 2 2 11,5 6,68 

67 MPC Q13509 Tubulin beta-3 chain  4 1 1 50,4 4,93 

68 MPC Q8IUL9 
Hemoglobin beta chain 
variant Hb.Sinai-Bel Air 
(Fragment)  

22 2 2 11,5 6,05 

69 MPC Q4TZM4 Hemoglobin beta chain 
(Fragment)  23 2 2 11 6,52 

70 MPC Q6N094 
Putative uncharacterized 
protein 
DKFZp686O01196  

17 6 3 52,6 8,18 

71 MPC Q8NHH1 Tubulin polyglutamylase 
TTLL11  2 1 1 58 9,2 

72 MPC Q7Z532 Osteoglycin OG  3 1 1 33,9 5,48 

73 MPC Q6P5S8 IGK@ protein  20 3 3 25,8 6,33 

74 MPC A0A087X0
79 

Ig gamma-1 chain C 
region  18 6 3 51,9 8,07 

75 MPC A0A087W
U58 

Tubulin polyglutamylase 
TTLL11 (Fragment)  7 1 1 13,6 9,29 

76 MPC C8C504 Beta-globin  16 2 2 16 8,06 

77 MPC A8K008 cDNA FLJ78387  18 6 3 51,6 8,16 

78 MPC Q8IZI0 
Hemoglobin beta chain 
variant Hb-I_Toulouse 
(Fragment)  

22 2 2 11,5 5,71 

79 MPC Q5TBF5 Mimecan (Fragment)  3 1 1 30,4 8,34 

80 MPC Q6GMX0 Uncharacterized protein  20 3 3 25,8 7,97 

81 MPC P01857 Ig gamma-1 chain C 
region  25 6 3 36,1 8,19 

82 MPC Q68DA4 
Putative uncharacterized 
protein 
DKFZp781A1532  

2 1 1 135,6 7,68 

83 MPC P02768 Serum albumin  12 5 5 69,3 6,28 

84 MPC F8W6P5 Hemoglobin subunit beta 
(Fragment)  26 2 2 9,7 6,79 

85 MPC Q6N096 
Putative uncharacterized 
protein 
DKFZp686I15196  

18 6 3 50,9 8,06 

86 MPC E9NGZ5 Hemoglobin beta globin 
chain (Fragment)  22 2 2 11,5 6,37 

87 MPC A0A087W
ZW8 Protein IGKV3-11  21 3 3 25,6 6,01 

88 MPC E9M263 Hemoglobin beta chain 
(Fragment)  40 2 2 6,2 4,64 
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Table G.6 (Continues). The list of identified proteins in CsC 

No. Master Accession Description Coverage 
[%] 

# 
Peptides 

# Unique 
Peptides 

MW 
[kDa] 

calc. 
pI 

89 MPC P01834 Ig kappa chain C region  45 3 3 11,6 5,87 

90 MPC A0A0A0M
S08 

Ig gamma-1 chain C 
region (Fragment)  21 6 3 43,9 6,96 

91 MPC A0A087X1
C7 

Ig gamma-1 chain C 
region  18 6 3 50,5 8,44 

92 MPC Q6N097 
Putative uncharacterized 
protein 
DKFZp686H20196  

17 6 3 52,7 8,48 

93 MPC A0A087W
XL8 

Ig gamma-3 chain C 
region 9 4 1 56,9 8,25 

94 MPC Q6GMX6 IGH@ protein  18 6 3 51,1 8,69 

95 MPC Q9BWU5 Mutant hemoglobin beta 
chain (Fragment)  22 2 2 11,5 7,05 

96 MPC Q9UP81 Mutant beta-globin  26 2 2 9,7 8,19 
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