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Abstract
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Urinary bladder cancer is a heterogeneous disease appearing in different forms, e.g. non-muscle
invasive and muscle invasive. For all variants, the expression of proteins is interesting to analyze
for diagnostic, predictive, prognostic and drug targeting purposes, since it reflects the altered
gene expression causing the cancer. Since urothelial cells of the bladder are in direct contact
with urine it is likely that this body fluid contains cancer-related proteins. In Paper I, unbiased
analysis of proteins in urine from urinary bladder cancer patients and controls, using label-free
quantification by mass spectrometry, was applied and four interesting proteins APOE, FGB,
LRG and SERPINA1 were selected and further analyzed with western and dot blot. In Paper II,
two more proteins, POLR1E and TOP2A, were validated as relevant proteins in bladder cancer
urine. In Paper III and IV, the proteins GAL1 and STMN1 were investigated for their prognostic
and therapeutic target potential in bladder cancer. In Paper II, III and IV, the expression of
seven of the proteins were analyzed on tissue microarrays representing tumour tissue from
360 patients with different tumour stages. For the proteins identified by the urine screening
approach, their protein expressions were confirmed in bladder cancer tissue. The expression
level in tissue of five of the proteins, APOE, FGB, POLR1E (Paper II), GAL1 (Paper III) and
STMN1 (Paper IV), increased with tumour stage, showing diagnostic relevance and three of
the proteins, SERPINA1 (Paper II), STMN1 (Paper IV) and GAL1 (Paper III) had prognostic
potential in urinary bladder cancer. In addition, GAL1 and STMN1 were demonstrated to be
highly expressed in metastatic disease and inhibition of STMN1 reduced cell growth (Paper III
and IV), indicating that these proteins are promising drug targets in urinary bladder cancer. In
conclusion, the approach of this thesis has generated several candidate protein biomarkers in
urine and tissue, validated with independent methods, which have the potential to improve the
care for bladder cancer patients.
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Introduction 

Cancer 
Normal cells in the body are under strict growth control to serve the or-

ganism as a whole while cancer cells divide uncontrollably. A tumour can 
either be malignant or benign. A benign tumour is a lesion limited to a small 
area and does not grow into adjacent tissues, whereas malignant tumours, 
also known as cancerous tumours, are more aggressive and have the ability 
to metastasize by invading and destroying nearby tissue. Metastases cause 
90% of all cancer deaths and the process of metastasizing is complex and 
includes acquisition of several properties e.g. being able to detach from the 
primary tumour, move, invade tissues, angiogenesis, survival in circulation, 
capillary adhesion, adaption to a new environment. (1) 
As postulated by Hanahan et Weinberg, cancer is not a single disease but a 
variety of diseases with a set of six common traits that are necessary for a 
cancer to grow and spread. These traits are i) self-sufficiency in growth sig-
nals, ii) insensitivity to anti-growth signals, iii) tissue invasion and metasta-
sis, iv) limitless replicative potential, v) sustained angiogenesis and, vi) eva-
sion of apoptosis (Figure 1). (2) A seventh characteristic, an inflammatory 
microenvironment, was suggested by Mantovani et al. in 2009 (3). Hanahan 
et Weinberg added two emerging hallmarks, deregulating cellular energetic 
and avoiding immune destruction. They also added two enabling characteris-
tics, genome instability and mutation, and tumour-promoting inflammation 
(4). 

The cause of cancer is changes in the DNA sequence, these changes can 
occur in several different ways. For example can chromosomal instability be 
a mechanism by which chromosomes are rearranged. Cancer cells are ane-
uploid cells, which are a product of failed mitosis resulting in an abnormal 
number and composition of chromosomes in the cells.(5)  

Point mutations are single changes in a base pair in the DNA sequence. In 
an exon, a point mutation can be synonymous, meaning that the codon is 
changed but there is no change in what amino acid it is translated into when 
translated into a protein. On the other hand, a non-synonymous point muta-
tion changes the DNA sequence in an exon in a way that the amino acid 
sequence changes when a protein coding gene is translated. Nonsense muta-
tions are point mutations that change a codon from an amino acid coding 
codon into a stop codon. This means that the translation of the protein is cut 
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short, resulting in an incomplete protein. Copy number changes also occur in 
cancer. However, the change in a genes copy number is in most cases not 
reflected in the amount of gene product. (6) The epigenetic changes in can-
cer, such as hypermethylation of CpG islands in promoter regions can si-
lence tumour suppressor genes. Hypomethylation, on the other hand, can 
activate expression of oncogenes (7). Modifications of histones can either 
increase the expression of oncogenes or silence tumour suppressor genes 
depending on the modification. 

 
Figure 1. The initially suggested hallmarks of cancer as proposed by Hanahan and 
Weinberg. Reprinted from Cell, 144, Hanahan, D. et Weinberg, R. A. Hallmarks of 
cancer: the next generation, 646, 2011, with permission from Elsevier. 

Angiogenesis, the formation of new blood vessels from pre-existing ones, 
is important for the development of tumours since the tumour needs a supply 
of nutrients and oxygen to be able to grow. 

Cancer is a disease that develops over time. For a cell to transform into a 
cancer cell it has to accumulate the previously stated characteristics. These 
characteristics arise from mutations accumulated in the genome. A mutation 
can, in the case of oncogenes, cause a gene to be activated, or deactivated in 
the case of tumour suppressor genes. 

When cells start to lose their normal appearance they are classified as 
atypical cells. The state when cells start to proliferate too much, in a dys-
regulated way, is called hyperplasia. Neoplasia is defined as abnormal 
growth of cells that produce new tissue and dysplasia is when a tissue devel-
ops abnormally. Normally these dysregulated cells should go into apoptosis 
but if the cells can avoid this they have acquired one of the hallmarks of 
cancer. 
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The tumour cells can also be stimulated by the stroma and stromal cells. 
The stroma supports the cells and consists of fibroblasts, lymphocytes, peri-
cytes, and vascular cells, which all influence tumour growth. (8) 

Urinary Bladder Cancer 
The transitional epithelium consists of a 5-6 layers of cells or, when 
stretched due to a full bladder, a thickness of 3-4 cells makes up the mucosal 
lining of the bladder. The lamina propria of the bladder consists of loose 
connective tissue. When the transitional epithelium is relaxed the cells in the 
top layer have a rounded shape while they are squamous when the bladder is 
full. (9) 

Cells of the transitional epithelium has a thicker than normal plasma 
membrane. This is needed to keep the urine from passing back through the 
urinary bladder into the body. The cells in the urothelium are also connected 
in a way that allows it to distend to a great extent. The basal membrane of 
the urothelium is very thin. (10) 

The phenotype of a tumour is different from healthy tissue. The pheno-
type difference is the result of a genotype difference that manifests itself as a 
difference in protein expression. The structure of the tissue gets more disor-
ganized with higher tumour grade. 

In the case of bladder cancer the difference in protein expression should, 
in theory, result in a difference in the protein composition in the urine that 
the bladder encloses. 

Urine 
Urine is produced in the kidney by filtering the blood in the glomeruli pro-
ducing about 180 litres of primary urine per day. Primary urine consists of 
water, electrolytes, and metabolic waste products. From the primary urine 
water, sodium, glucose, and other nutrients are reabsorbed back into the 
blood. In the proximal tubules, approximately 99% of the water is passively 
reabsorbed due to osmosis. Nutrients are reabsorbed through active trans-
port. Urine contains proteins that originate from blood proteins that have 
passed through the kidney and proteins from the urinary epithelium. These 
epithelial proteins are of great interest when searching for urinary bio-
markers for urinary bladder cancer. 

Epidemiology and aetiology 
It has been calculated that urinary bladder cancer caused 150,200 deaths 
worldwide in 2008 and 386,300 people are diagnosed with the disease annu-
ally (11). In the industrialized world bladder cancer is the fifth most common 
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neoplasm in terms of incidence and the prevalence three to eight times 
higher than the incidence making it a major burden on the healthcare system. 
The relative five-year survival for bladder cancer patients has not changed 
over the last decade in the same way as it has done for other types of cancer. 
The problem might be that the wrong questions have been asked and the 
answer sought in the wrong material (12). The primary risk factor for devel-
oping bladder cancer is smoking (13). Three out of four with bladder cancer 
are men (11), but that number might change due to a shift in smoking habits. 
While there has been a decrease in the smoking rate among men there has 
been an increase among women in developing countries (14). This might 
possibly lead to a more even distribution of bladder cancer cases between 
men and women. Other reasons for the higher incidence in men have been 
suggested to be that more men are working in chemical industries (15). The 
waste products from smoking and chemical exposure are excreted into the 
urine and the bladder is exposed to chemical stress that induces cancer. On 
the other hand, one study has shown a connection between the expression of 
the androgen receptor and the development of bladder cancer (16). The ma-
jority of individuals affected by bladder cancer are 70 years old or older. 

Bladder cancer tumour genetics have been studied by e.g. high-resolution 
array-comparative genomic hybridization studies that have revealed that 
DNA copy alterations are more common than previously thought (17). Het-
erozygous deletion of chromosome 9 is a frequent event in bladder tumours, 
occurring in 45% of all cases (17). Other studies show that bladder tumours 
expressing the FGFR3 marker are more often low-grade and stable tumours 
than those lacking FGFR3 and that TP53 mutations are more common in 
high-grade tumours (18). Patients with tumours with TP53 mutations also 
have an increased risk of the tumour progressing into a higher stage (19). 
Amplification of HER2 in invasive bladder tumours, a gene also often am-
plified in breast cancer, indicate that patients with HER2 positive tumours 
could benefit from therapy targeting HER2 that is used to treat HER2-
positive breast cancer today (20). 

Epigenetic changes have also been found in bladder cancer. Several 
classes of genes, e.g. DNA repair genes, apoptosis regulating genes, and cell 
adhesion genes have been reported to be hypermethylated in bladder tumour 
cells (21), showing that epigenetic regulation is involved in bladder cancer 
development. 

Diagnosis 
The earliest symptom of urinary bladder cancer is usually a painless macro-
scopic hematuria. Other common symptoms are increased need to urinate 
and dysuria (22). 

Bladder cancer is often discovered after the patient has sought medical at-
tention because of hematuria causing the urine to be discoloured or when 
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microhematuria is discovered during a routine medical examination. One 
study including 1930 cases of hematuria shows that in 12% of the cases the 
hematuria is the result of bladder cancer. (23) Using a cystoscope, the blad-
der is examined and if an abnormal growth is discovered a biopsy is taken 
from this area. During the cystoscopic examination cells are collected for 
urine cytology by washing the bladder with a saline solution. The biopsy is 
then examined by microscopy by a pathologist that determines stage and 
grade (Figure 2 and Figure 3) of the tumour. 

Staging and grading 
When a bladder tumour is found it is classified into a stage and a grade. 
Grade is a measurement of the dedifferentiation of the tumour cells and stage 
is a measurement of the tumours invasiveness. The pathologist’s assessment 
of stage and grade is used together with other clinical parameters when deci-
sions about treatment are made. 

Broders published the first grading system for bladder tumours in 1922. 
The system has changed over the years and the current system in use is 
based on the work of a WHO workgroup that released a system similar to 
that published by Malmström et al. with three grades based on the ISUP 
recommendation (WHO, Histological typing of urinary bladder tumours, 
Volume 10, 1999). (24-27)  

The first staging system was introduced in the 1940s by Pierre Denoix 
and through the work of the International Union Against Cancer (UICC) the 
staging system has developed and the 7th edition of TNM Classification of 
Malignant Tumours from 2009 is the latest edition of this system (28). In our 
study we have used the definitions in the 5th edition since the classification 
of bladder cancer tumours has not changed. An illustration of the different T 
stages are presented in Figure 2 and described in Table 1. Nearly half of all 
newly diagnosed bladder tumours are Ta tumours of low grade, making them 
the most common type. 
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Table 1. Description of criteria for specific T stages in urinary bladder cancer. 

Stage Criteria 

TX The primary tumour is cannot be assessed
T0 No evidence of primary tumour
Ta Non-invasive papillary carcinoma
Tis Carcinoma in situ: ”flat tumour”
T1 Tumour invades subepithelial connective tissue, lamina propria 
T2 Tumour invades muscle
   T2a Tumour invades superficial muscle (inner half)
   T2b Tumour invades deep muscle (outer half)
T3 Tumour invades perivesical tissue
   T3a Microscopical
   T3b Macroscopical (extravesicular mass)
T4 
 

Tumour invades any of the following: prostate or uterus, vagina, 
pelvic wall, and abdominal wall

   T4a Tumour invades prostate or uterus or vagina
   T4b Tumour invades pelvic wall or abdominal wall

 
Figure 2. Stages of bladder cancer. Tis or tumour in situ is a flat high grade non-
invasive tumour. Ta is a papillary tumour growing into the bladder. T1 tumours have 
invaded the lamina propria. T2-T4 have invaded into the muscle of the bladder while 
substages a and b are of clinical importance. Picture by Jana Pekarova Howe of the 
Uppsala Regional Oncological Centre. 
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Figure 3. Tissue sections of A) normal urothelium, B) low grade bladder tumour and 
C) high grade bladder tumour. (Picture from Kenneth Wester) 

Treatment 
Non-muscle invasive tumours (Ta/T1/Tis) can be treated with surgical re-
moval of the tumour. In 70% of the cases, Ta tumours recur after transure-
thral resection causing the high prevalence rate. To try to reduce the recur-
rence rate, intravesical treatment with chemo or immunotherapeutic agents 
are used. Immunotherapy with Bacillus Calmette-Guérin (BCG) vaccine 
instillations or by chemotherapy with Mitomycin C (MMC) is delivered 
directly into the bladder through a catheter (29). BCG was first investigated 
as an immunostimulating agent for treatment of superficial bladder cancer in 
1976 (30) and intravesical BCG treatment has shown to prolong the disease 
free survival in patients with T1 tumours. Despite the good effect of BCG 
treatment on DSS, 30% of the patients will ultimately succumb to the dis-
ease. BCG is however the superior treatment when it comes to reducing re-
currence of non-muscle invasive tumours, but its ability to prevent progres-
sion is not clear to this date (31). 

Muscle invasive bladder tumours are less common than non-muscle inva-
sive tumours. For muscle invasive tumours of stages (T2-T4) cystectomy 
with prior systemic platinum-based chemotherapy, e.g. cisplatin, is recom-
mended. The 5-year survival after cystectomy is about 50%. (32) Advanced 
bladder cancer metastasizes to lymph nodes, bones, lungs or liver and these 
patients can be treated with cisplatin systemically.  

Clinical proteomics and biomarkers 
The Oxford English Dictionary defines proteomics as “The study or analysis 
of the set of proteins expressed by an organism, its relationship to the genes 
coding for them, and to physiological and pathological processes”. Other 
definitions of proteomics also include the quantification of proteins and their 
post-translational modifications at a certain time point. Commonly used 
techniques in proteomics are, among others, immunohistochemistry (IHC), 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), 
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western blotting (WB) and liquid chromatography-mass spectrometry (LC-
MS). 

When investigating the bladder cancer proteome, both bladder tissue and 
urine can be of interest. The bladder tumour and urine are in direct contact, 
resulting in urine containing proteins expressed by the bladder tumour. 

Examples of proteomics techniques that have been used to study the blad-
der cancer proteome are for instance, database searches combined with IHC, 
WB, 2-D SDS-PAGE followed by MS, 2-D difference gel electrophoresis 
(DIGE) followed by MS and peptide fingerprinting by MS (33-37). In a pro-
teomics study of urine from healthy subjects 1543 proteins were identified 
(38). 

Clinical proteomics is the use of proteomic methods in a clinical setting, 
diagnosing patients and predicting the outcome of the disease for patients. A 
protein used in clinical proteomics is often referred to as a biomarker. 

Great effort is put into finding biomarkers for different diseases, including 
urinary bladder cancer. Biomarker quality is measured by the biomarkers 
sensitivity, the likelihood that a true disease positive is discovered when 
tested, and specificity, the likelihood of a negative test result for a truly dis-
ease negative patient. It has so far been impossible to identify protein bio-
markers that are 100% specific and 100% sensitive. 

The difficulty in finding good biomarkers lies in the fact that most pro-
teins are ubiquitous and only differ in concentration. In the case of urinary 
biomarkers, the concentrations of different proteins in urine vary over time 
and depend on the kidney status, infections, and other disturbances in the 
urinary system. It is therefore crucial to validate findings in one sample ma-
terial with independent sample material and methods. 

Diagnostic biomarkers 
A diagnostic biomarker is a biomarker that can be sampled from a patient 
and measured, and the measurement results in a diagnosis. 

When diagnosing infections, antibodies, against the infecting pathogen 
could serve as a diagnostic biomarker. But the presence of antibodies could 
also be a sign of a previous infection. 

The best known diagnostic cancer biomarker is the prostate specific anti-
gen (PSA) for prostate cancer detection. Even though it is well known, PSA 
is still not considered good enough, by the Swedish medical society, to be 
used in screening for the disease (39).  

Urine cytology is a sensitive and specific test for surveillance of bladder 
cancer patients diagnosed with high-grade tumours. However, the method is 
not sensitive enough to be reliable for low-grade tumour detection. There are 
some commercially available tests, detecting proteins such as bladder tu-
mour antigen (BTA) and nuclear matrix protein 22 (NMP 22), that are com-
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plementary to cytology but they cannot replace the use of cytology in the 
monitoring of recurrence (40)  

Biomarkers with low sensitivity are unacceptable since they put the health 
of the patient at risk and could even be life-threatening if the disease goes 
undetected. A biomarker with low specificity on the other hand can risk cre-
ating unnecessary anxiety and suffering for the patient and his or her family 
by providing an erroneous cancer diagnosis. 

Prognostic biomarkers 
A prognostic biomarker can give the patient a prognosis of the expected 
development of the disease. Prognostic markers can also be considered when 
decisions about how aggressive treatment should be used. A prognostic 
marker indicating a poor prognosis warrants a more aggressive treatment. 
Today stage and grade are used to decide what therapy should be used when 
treating a patient. Unfortunately the reproducibility of staging and grading is 
only around 50% according to one review of tumours included in clinical 
trials (41). 

FGFR3 is a suggested prognostic marker in urinary bladder cancer since it 
has been shown that Ta tumours expressing FGFR3 has a lower risk of re-
currence. (42) In e.g. testicular cancers beta-human chorionic gonadotropin 
(Beta-hCG), is another example of a prognostic biomarkers. Beta-hCG is a 
protein usually only found in the blood and urine of pregnant women. 

Predictive biomarkers 
A predictive biomarker can be used to predict the response to treatment. 
Such biomarkers would be tremendously useful in the clinical management 
of patients. Even though a number of such predictive biomarkers have so far 
been suggested they have been difficult to evaluate. 

One predictive biomarker in use today is HER2 in breast cancer. Tumours 
expressing HER2 are predicted to respond to Trastuzumab, a monoclonal 
antibody targeting HER2.  

In T1G3 tumours, ezrin has been proposed as a predictive biomarker indi-
cating that the patient would benefit from BCG treatment. The study found 
that progression and DSS increased if the expression of ezrin in the mem-
brane of tumour cells was <20%. (43) The retinoblastoma protein (pRb) has 
been suggested as a predictor of the success of BCG treatment. In a small 
study, it was shown that altered pRb expression predicts higher risk of pro-
gression and recurrence after BCG treatment compared to tumours with 
normal pRB expression. (44) Ki-67 over-expression has been suggested as a 
predictive biomarker for shorter PFS when treating a patient with MMC that 
is a DNA crosslinker (45). Another predictive biomarker candidate for lung 
cancer is ERCC1. Patients with tumours expressing ERCC1 are cisplatin 
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resistant (46). ERCC1 is also a candidate as a predictor of shorter survival 
time in patients with advanced urinary bladder cancer treated with cisplatin 
(47). 
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Aims of the thesis 

The aims of this thesis are 
• to identify potential protein biomarkers in the urine from bladder 

cancer patients that can be useful for diagnosis and prognosis. 
• to verify that the potential protein biomarkers originate from the 

tumour and that the proteins have intracellular tumour cell loca-
tion. 

• to examine if the expression of the potential protein biomarker 
correlates to tumour stage, grade and other clinical characteristics. 

• to evaluate if GAL1 and STMN1 are potential therapeutic targets 
in urinary bladder cancer by analyzing their expression in metas-
tatic disease and STMN1 function in a urinary bladder cancer cell 
line. 
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Patients and Methods 

Patients 
In the studies performed urine and tissue samples have been used. The tissue 
samples have been collected prospectively and the urine samples have been 
collected both prospectively and retrospectively. 

Urine samples 
Two sets of urine samples have been used in this thesis (Paper I and II). The 
first set of urine samples were collected from patients with bladder tumours, 
26 samples, and from patients examined for, but found negative for prostate 
cancer, 16 samples. Approximately 50 ml of early stream urine was collected 
from each patient in the 2008 and 2009 collection (A, B and C samples in 
Figure 4). One of the patients believed to be bladder tumour positive was 
later found to be negative and was therefore included as a control. These 
samples were used in MS experiments, run as individual samples (B in Fig-
ure 4) and pooled samples (C in Figure 4). To verify the findings 42 indi-
vidual samples, 26 controls and 16 bladder tumour samples (A in Figure 4) 
were used for WB. 

 
Figure 4. Two independent sets of samples were collected. First collection included 
samples in circle A, B and C and the second collection included samples in circle D. 
Circle A (42 samples) represents the samples used in WB, circle B (10 samples) the 
samples used for individual sample analysis in MS and circle C (12 samples) the 
samples used in the analysis of pooled samples. Circle D (112 samples) represents 
the prospectively collected, independent samples used for DB analysis. 
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The 112 samples, 99 bladder tumours urine samples and 13 controls, in 
circle D in Figure 4 were used for dot blotting (DB) to verify the findings in 
an independent samples set. 

Tissue samples 
Two sets of tissue have been used. The URO Fas A tissue set consists of 360 
tumour tissue samples collected over a 21-year period (1984-2005). In some 
of the cases urine samples from the same patients have been collected. The 
URO Fas A tissue set was used in Paper II, III and IV. In Paper III and IV a 
second tissue set consisting of tissue samples from 90 patients was used. One 
group of 70 primary tumours with one corresponding metastasis and a sec-
ond group consisting of 20 primary tumours matched with corresponding 
multiple metastases. 

Liquid chromatography-Mass spectrometry  
MS, together with Edman degradation, is a method that can be used to se-
quence peptides. MS is a powerful method that detects the mass-to-charge 
ratio (m/z) of gas phase ions of e.g. biomolecules. When analyzing proteins 
with MS they are usually digested into peptides with trypsin or other prote-
ases with known cleavage specificity. The enzymatically produced peptides 
also need to have m/z ratios suitable for detection with MS. Liquid chroma-
tography (LC) is usually used to separate the tryptic peptides before they 
enter the MS. 

MS is composed of three basic components; An ion source, a mass ana-
lyzer, and an ion detector (48). The ionization of peptides can be performed 
by matrix assisted laser desorbtion ionization (MALDI) or by electrospray 
ionization (ESI) (49-50). Examples of analyzers are time-of-flight (TOF) and 
Fourier transform ion cyclotron resonance (FTICR) analyzers that are used 
to sort ions. As an example, the FTICR analyzer traps the ions in a strong 
magnetic field causing the peptide ions to circulate at frequencies deter-
mined by their m/z ratio. By applying specific RF voltages ions with a 
matching m/z value are excited into a higher orbit where they are detected. 
The ion detector registers the amount of ions that that reaches the detector.  

The FTICR-technique is high resolving, meaning it has high ability to dis-
tinguish two peaks with small difference in m/z ratios. Using trypsin, diges-
tion generates peptides in the range of 8 to 23 amino acids in length. Amino 
acid weights range from 57.05 Da (glycine) to 186.12 Da (tryptophan) an 
average peptide has an approximate mass of 800-2300 Da. 

MS can also detect post-translational modifications (PTM). These PTMs 
can be phosphorylations, glycosylations and acetylations. (51) 
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If identities of peptides and proteins are required, a sequencing MS/MS 
method is applied. When peptides have been picked up for sequencing in 
MS/MS the peptide is fragmented (52-53). The recorded m/z values of the 
peptides and m/z values of MS/MS fragments are then searched in a database 
of in silico digested proteins and peptides using a search engine. By doing 
this, a sequence of a peptide (including possible post-translational modifica-
tions) and a protein, from which the peptide originated from, are suggested 
together with a probability score for this match. When determining the m/z 
ratio high measurement accuracy in the measurement of the intact peptide is 
crucial for correct peptide identification. To have a high probability that a 
protein is present in the probed sample, the most common criteria is that at 
least two peptides from the protein are detected in one sample run with a 
significant probability of correct matching (p<0.05). An example of the data 
produced by the LC-MS/MS method is presented in Figure 5. 

Quantitative measurements of protein abundances by LC-MS can be per-
formed by either label-free or labelled quantification. In the label-free meth-
ods the peak intensity of the precursor ion is used for quantification when the 
samples are analyzed one by one. Examples of methods relying on labelling 
are Stable Isotope Labelling by/with Amino acids in Cell culture (SILAC) 
and Isobaric tags for relative and absolute quantitation (iTRAQ) (54-55). In 
these methods samples are labelled and pooled before they are analyzed in 
one single LC-MS analysis. 

In Paper I, 6 or 50 µg of the concentrated and depleted urine samples 
were digested with trypsin, injected through an autosampler, and run over a 
reverse phase nanoLC column. The mobile phase was delivered by an 
Agilent 1100 nanoflow system. The concentration of acetonitrile in the LC 
mobile phase increased over time, eluting the peptides in order from hydro-
philic to hydrophobic in a two hour-gradient. A nanoelectrospray ion source 
was used and mass spectra were detected by a 7-T hybrid linear ion trap 
Fourier transform MS. The protein abundances were determined using a 
label-free method, further explained below. 
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Figure 5. Example of an LC-MS/MS analysis of tryptic peptides. From the total ion 
chromatogram in the LC part, the most abundant precursor peptide peaks in the MS 
spectrum at a certain time point are selected for fragmentation. The resulting 
MS/MS spectrum is used to determine the peptide sequence by matching m/z values 
to theoretical spectra in a database.  

Urine sample preparation for MS analysis 
The protein concentration in urine is regularly too low for MS analysis. 
Therefore, urine samples had to be concentrated. Before the concentration 
step could be performed the urine was spun to pellet and remove cell debris 
in the sample. Patients with urinary bladder tumours often have a lot of cell 
debris in their urine. The concentration step was performed using a centrifu-
gal filter device that lets small molecules and ions (<3 kDa), such as salt and 
water, through but retain larger molecules such as proteins. The samples 
were washed twice with phosphate buffered saline. (Paper I) 
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We proceeded to deplete the concentrated urine samples of IgG and al-
bumin. This was done to allow for less abundant proteins in urine to be de-
tected by MS. (Paper I) 

Two approaches were applied. One where 6 urine samples from bladder 
cancer patients and 6 from age-matched controls were pooled into two 
pooled samples and one where 5 individual urine samples from bladder can-
cer patients and 5 individual samples from age-matched controls were di-
gested with trypsin. (Paper I) 

Since LC-MS analyses do not tolerate high salt concentrations urine sam-
ples have to be desalted to be suitable to analyze with this technique. 

Tissue microarray 
In the 1980s a multitumour tissue block was invented for studying protein 
expression in tumours (56). The technique was further developed into the 
tissue microarray technique used today and it was described and published in 
1998 by Kononen et al. (57).  

The TMA technique allows for hundreds of tissue samples to be analysed, 
by e.g. IHC, in a single experiment. The size of the tissue cores in a TMA 
vary between 0.6 and 1.0 mm. Smaller cores allow for more cores to be in-
cluded in the TMA but larger cores are more representative of the sampled 
tissue. (Figure 6B) 

A TMA, URO Fas A, consisting of a large number of tumour samples. 
120 Ta, 120 T1 and 120 T2-T4 formalin-fixed tumour tissue samples had 
been selected. 

Protein expression database 
The Swedish Human Protein Atlas is a database of IHC treated TMAs and 
cell lines. It also contains immunofluorescence experiments that reveal the 
subcellular localization of the proteins. (58) The antibodies targeting the 
different proteins have been developed by the HPA project that is a collabo-
ration between Royal Institute of Technology (KTH, Stockholm) and the 
Rudbeck Laboratory (Uppsala University, Uppsala). The antibodies pro-
duced in the project are commercially available (Sigma-Aldrich, USA). 

In the database, urothelial cancers of different stages and grades are 
represented by 12 samples with duplicate cores. In the current database, the 
10th version covers 17,298 antibodies staining 14,079 protein expression 
profiles. 
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Immunohistochemistry 
Immunohistochemistry is a valuable technique when investigating the exis-
tence and intracellular distribution of a certain protein in tissue. The tech-
nique relies on antibodies to bind an epitope with high specificity. To be able 
to visualize the protein of interest one can use enzyme or fluorescence la-
belled antibodies. When enzyme is used, an observable colour is developed 
by enzymatically converting a chromogen, e.g. diaminobenzidine (59). The 
enzyme, e.g. horseradish peroxidase (HRP) or label can be either conjugated 
to the antibody directly or to a secondary antibody that binds to the primary 
antibody, the antibody that binds the protein of interest. Figure 6 

 
Figure 6. A) The principles of IHC. A primary antibody binds to the antigen on the 
tissue section. The slide is incubated with a polymer with secondary antibodies and 
an enzyme conjugated to it. When substrate and a chromogen are added colour de-
velops. B) A slide containing the array of tissues that one wants to examine. 

Sections of tissues or a TMA are incubated with antibodies against the 
protein of interest. With the introduction of TMA technology it is now pos-
sible to analyze arrays of hundreds of tissue samples in a single experiment 
(57). 

The TMAs used in Paper II-IV were subjected to automated IHC and the 
immunoreactivity intensity scored by two independent observers. For the 
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IHC experiments, the same antibodies were used as were used for the WB 
and DB experiments. 

Gel electrophoresis, Western blotting and dot blotting 
Proteins can be separated according to size by the use of one-dimensional 
SDS-PAGE or according to both iosoelectrical point and size in 2-D SDS-
PAGE (60). The size separation is most often performed in a tris-glycine 
buffer system (61), but other alternatives are also available. To visualize the 
proteins one can pre-stain them fluorescently with dyes or post-stain them 
with e.g. Coomassie Brilliant Blue or silver. When proteins are run on 2D 
gels the resulting protein spots can either be picked from the gel for MS 
analysis, or transferred to a membrane on which specific proteins can be 
probed with antibodies in a WB procedure. 

WB was first described by Towbin et al. in 1979 (62). Some modifica-
tions of the original procedure have been done over the years. Instead of 
radioactive labels, enzyme-linked secondary antibodies and light developing 
substrates, chemiluminescence, is used to visualize the proteins of interest. 

The procedure can be made more high throughput by running a DB 
analysis where the molecular weight separation is excluded and the samples 
are applied to the membrane, using vacuum to pass the sample through, in a 
small dot that can be probed with antibodies in the same manner as in the 
WB procedure.  

To verify the MS results we performed WB experiments using six bladder 
cancer urine samples used in the MS screening and 10 other bladder cancer 
urine samples and compared them with five control samples used for MS 
and 21 additional control samples. (Paper I & II) In the DB experiments 99 
urine samples from patients with Ta-T4 tumours and 13 urine samples from 
age-matched controls were analyzed. (Paper I).  

Cell culture 
Cells are grown in medium supplied with antibiotics to prevent infections by 
bacteria or fungi. By adding fetal bovine serum to the medium the cells are 
supplied with growth factors. Cell culture experiments can be used as a 
complement to analyses of urine and tissue. Cells are complex but they are 
more suitable than urine or tissue when one wants to elucidate the function 
of a protein in cancer. 

In our study, we have used the cell line T24, a transitional-cell carcinoma 
cell line that originates from a muscle invasive bladder tumour from an 81-
year-old female. We have used the T24 cell line to examine the effect of 
knocking down STMN1 expression with siRNA. 
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Statistical considerations 
After database search (63) of the MS raw data the abundances of the de-
tected proteins in bladder cancer and control urine samples were determined 
by label-free quantitation and compared using statistical methods. 

For the quantification of proteins in the MS analysis, all proteins that 
were identified with at least two unique peptides in one sample were quanti-
fied by an in-house developed software, Quanti (64). We used a label-free 
quantitation technique due to the simplicity. (Paper I) The software was used 
to calculate the abundances of the different protein species in the samples. 
The abundance of a protein was determined by summarizing the area of the 
recorded retention peaks, of peptides identified as belonging to the protein, 
in the LC for unique m/z values. The quantitation results of all identified 
proteins were then compared by statistical analysis using Student’s t test and 
z test. (Paper I) Proteins with a statistically significant abundance difference 
(p<0.05) were selected for further analyses. 

When analyzing the results of the IHC on TMA, the outcomes included in 
the analyses were overall survival (OS), disease-specific survival (DSS), and 
progression-free survival (PFS). The effects on these outcomes of single 
parameters such as protein expression were analyzed by Kaplan-Meier 
analysis and correlations between immunoreactivities and clinical variables 
such as age, gender, stage, grade and recurrence were assessed using Spear-
man’s or Pearson’s Chi-square test. 

To be able to tell if the parameter can predict outcome independently of 
other clinical parameter such as stage, grade, age, and gender, Cox regres-
sion analysis can be used. In our study we have used Cox regression to ad-
just for the influence of other parameters on e.g. OS. Risk of recurrence was 
analyzed using logistic regression analysis. 

To analyse WB signal strengths (Paper I & II) the Mann-Whitney U test 
was used since the samples signal strengths were compared and ranked. Sta-
tistical analysis was performed in SPSS 19, SPSS 20 and R. 
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Results and discussion 

Paper I-IV in this thesis is the result of the workflow described in Figure 7. 
The workflow was divided into a discovery phase, where bladder cancer 
related proteins were identified, and a validation phase where these proteins 
were further investigated to verify the findings in the discovery phase. 
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Figure 7. The workflow of this thesis project to identify biomarker protein candi-
dates for urinary bladder cancer. Urine samples were collected, prepared for and 
analyzed with LC-MS. The results of the LC- MS analysis were validated by anti-
body-based methods. Literature and database search discovered more protein candi-
dates that also were validated for bladder cancer relevance. The antibodies used for 
validation were selected based on their performance in experiments performed by 
the HPA project.  

Discovery phase 
The methods used for identifying proteins of interest and for further exami-
nation in bladder cancer were quantitative MS analysis of urinary proteins 
(Paper I & II) and previous database and literature searches (Paper III and 
IV). 
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Paper I & II 
A standard operating procedure for urine samples collection was established. 
(Paper I) The critical step in this procedure was to prevent the proteins from 
degrading. This was accomplished by adding protease inhibitors to the urine 
directly after collection. Cell debris was removed before freezing the sam-
ples. 

The most abundant proteins in urine are albumin, IgG and uromodulin. 
Abundant proteins create an abundance of peptides, when they are digested 
by trypsin. Since these peptides can interfere with the down-stream detection 
of peptides in the MS, albumin and IgG were depleted from the urine sam-
ples during sample preparation (Paper I). For another protein abundant in 
urine, uromodulin, no commercial removal kit was available and this protein 
was therefore not removed from the samples.  

In Paper I, we used LC-MS/MS, an unbiased proteomic method, to iden-
tify proteins and to quantify their differences in abundance between urine 
from bladder cancer patients and urine from controls. Patients with high risk 
of tumour recurrence (Ta/T1) would benefit from a specific and sensitive 
urine based test. Since these patients need to be monitored frequently and 
during a long time it would be of great benefit to society as well. Because of 
this, predominantly Ta and T1 patients and healthy controls were compared 
in the discovery phase. Patients with tumours in T2-T3 stages that have their 
entire bladder removed would not benefit from such a urine test but it could 
be valuable for patients undergoing partial resection (65). Patients with T4 
stage tumours are most likely incurable and they are treated with chemother-
apy instead of surgery (65). The goal was to initially include urine from T2-
T4 patients in Paper I, but the tested samples contained contaminants, e.g. 
large amounts of blood or mucus that made them difficult to process to be 
LC-MS compatible. 

The LC-MS analysis was done by analyzing both individual and pooled 
samples. In total, 24 MS analyses were performed, when screening pooled 
and individual urine samples. In the individual samples and in the pooled 
urine samples 298 and 231 proteins were identified and quantified, respec-
tively. There was a 142-proteins overlap between the runs of pooled and 
individual samples. The result was that 387 unique proteins were identified 
and quantified (Paper I). Out of these 387 proteins, 29 were significantly 
more abundant in bladder cancer samples.  

Since there have been reports of association between human papillomavi-
rus infection and bladder cancer (66), the peptides detected with LC-MS 
were searched against a virus protein database. The search did not reveal any 
matches to known viral proteins. (Lindén, unpublished work) 
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Paper III & IV 
In a previous study (35), tissue database searches were performed in the 
HPA, based on finding proteins with a heterogeneous expression pattern 
among urinary bladder tumours. The aim was to identify proteins showing 
the whole spectra of expression from negative, weak to moderate/strong. 
This feature is important for a potential biomarker. The interesting part is to 
find out why the protein is differentially expressed and if it could be used 
clinically. Additional literature searches revealed STMN1 (67) and GAL1 
(35) as interesting proteins suggested as prognostic and/or predictive mark-
ers as well as therapeutic targets in other cancer types, but is so far investi-
gated in urinary bladder cancer only to limited extent (35, 67-69). Because 
of this, GAL1 and STMN1 were selected for further validation in urinary 
bladder tissue. 

Validation phase 
The step following the hypothesis-generating step was to validate the results 
by complementary antibody-based methods such as WB, DB and IHC on 
TMAs (Figure 7). IHC was used to visualize proteins in bladder cancer tis-
sue of different stages and grades.  

As a good source of antibodies validated for the intended applications, we 
turned to the internet-based HPA (70-72). The protein candidates selected 
for validating the MS results were determined by mining the HPA database 
for antibodies against the proteins that give stronger IHC staining in bladder 
cancer tissue than in morphologically normal bladder tissue. Proteins with 
this immunoreactivity pattern were considered as interesting for further stud-
ies. In addition, the database provided an indication whether a protein candi-
date had intracellular protein reactivity in bladder tumour cells (Paper I & 
II). 

Out of 29 proteins that had higher abundance (p<0.05) in bladder cancer 
samples compared to controls, four were considered for further studying 
with antibody-based methods. To be chosen for further studying they had to 
meet a series of criteria. They should not be part of the immunoglobulin or 
serum albumin classes of proteins (three proteins excluded) and they had to 
have a HPA-validated antibody available. Eighteen out of the remaining 
proteins had validated antibodies and four proteins remained interesting 
since they had stronger immunoreactivity in tumour tissue samples than in 
control tissue samples. These proteins were Apolipoprotein E (APOE), Fi-
brionogen beta chain (FGB), Leucine-rich alpha-2-glycoprotein 1 (LRG1) 
and alpha-1 antiproteinase/serpin peptidase inhibitor (SERPINA1) (Paper I). 
Two more proteins Polymerase (RNA) I polypeptide E (POLR1E) and To-
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poisomerase 2A (TOP2A) with supportive evidence in MS were also identi-
fied in the HPA as being of interest for further studies (Paper II).  

The same set of concentrated urine samples from bladder cancer patients 
and controls was used for all WB experiments. (Paper I, Supplementary Ta-
ble 1). A summary of how the proteins were identified are listed in Table 2. 

Table 2. Summary of proteins investigated in this thesis 

ID Protein name Method of 
identification 

Method of 
validation 

Localization WB  
p-value1 

APOE Apolipoprotein 
E 

MS WB, DB, 
IHC

E 2.1×10-3 

FGB Fibrinogen beta 
chain precursor

MS WB, DB, 
IHC

E 2.2×10-4 

GAL1 Galectin 1 Database IHC C, N
LRG1 Leucine-rich 

alpha-2-
glycoprotein 1

MS WB, DB, 
IHC 

E 4.4×10-4 

POLR1E Polymerase 
(RNA) I poly-
peptide E

MS WB, IHC N 2.3×10-3 

SERPINA1 Serpin peptidase 
inhibitor

MS WB, DB, 
IHC

E 1.7×10-4 

STMN1 Stathmin 1 Database IHC C
TOP2A Topoisomerase 

2A
MS WB N 1.2×10-2 

1The lowest p-value obtained in each WB confirmation study. E = excreted, C = cytoplas-
mic, N = nuclear or M = membranous 

All urinary proteins investigated by WB in sample set A (Figure 4) had 
higher intensities (APOE, FGB, LRG1 and SERPINA1, p<0.01 and 
POLR1E and TOP2A, p<0.05) in bladder tumour samples than in controls. 
(Figure 8) (Paper I & II) 

Using DB on sample set D (Figure 4) the protein expression of APOE, 
FGB, LRG1, and SERPINA1 was investigated in a larger material independ-
ent of the one where the initial identification was made. (Paper I) When the 
signal intensities in the DB experiments were compared using Student's t-
test, FGB and SERPINA1, were found to have stronger signals (p<0.01) in 
samples from bladder cancer patients than in urine samples from controls 
and both the sensitivity and specificity of FGB was determined to be 77%. 
For SERPINA1 the sensitivity was determined to be 66% and the specificity 
85%. (Paper I) 
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Figure 8. Western blot experiments with urine from bladder cancer samples (S1-12, 
S14-17) and control samples (C1-16, S13, C17-25) blotted onto membranes and 
probed with anti-APOE antibody (A), anti-FGB antibody (B), anti-LRG1 antibody 
(C), anti-POLR1E antibody (D), anti-SERPINA1 antibody (E) and anti-TOP2A 
antibody (F). 
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In Paper II, we investigated the expression of the four proteins identified 
as interesting with LC-MS and WB in Paper I, and one additional protein, 
and POLR1E with IHC experiments on TMAs comprising a large selection 
of bladder cancer tissues (Paper II; URO Fas A). The higher abundance of 
APOE, FGB and POLR1E in urine from bladder cancer patients found in the 
MS and WB analyses were supported by the increasing immunoreactivity of 
the proteins with increasing tumour stage  

To determine the possible prognostic impact of GAL1 and STMN1, the 
expression of the proteins in a TMA (URO Fas A), linked to clinical data, 
was examined. Further, IHC-analyses of the two proteins in a metastatic 
tissue material (Paper III and IV) and in vitro-experiments were performed. 
The results demonstrated that both proteins exhibited prognostic and promis-
ing drug target potential in urinary bladder cancer. 

The results from the MS experiments were supported by experiments us-
ing antibody-based techniques with complementary antibodies and the re-
sults from IHC studies of all proteins described in discovery and validation 
phase are discussed in more detail below. 

The acute-phase proteins 
Several of the proteins found to be more abundant in urine from bladder 
cancer patients were acute-phase proteins. Acute-phase proteins are involved 
in wound healing and inflammation. According to Mantovani et al, an in-
flammatory microenvironment is an additional hallmark to those previously 
proposed by Hanahan et Weinberg (3-4). The inflammatory microenviron-
ment could therefore either be the cause of the tumour or caused by the tu-
mour. For the transformation of cells into tumour cells there have to be initi-
ating factors. Factors that can act as initiators can be carcinogens in e.g. to-
bacco smoke or environmental toxins. On the other hand, inflammation is a 
promoter, driving the development of cancer.  

FGB 
When examining URO Fas A with IHC, we found that FGB, a wound heal-
ing protein, was significantly increased, with tumour stage (p<0.001) (Paper 
II). Further, we investigated FGB expression in a small tissue material and 
found that 8 out of 11 metastasizing primary tumours were positively stained 
for FGB. Ten out of the 10 metastases were positively stained for FGB 
(Figure 9). (Lindén, unpublished work)  
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Figure 9. A TMA consisting of bladder cancer tissue of different stages was probed 
for FGB. Examples of the immunoreactivities (40X) of A) Ta, B) Primary tumour 
(T3) and C) Metastasis. 

FGB is part of the coagulation factor fibrinogen (Figure 10A) together 
with the fibrinogen alpha and gamma chains. The protein is normally syn-
thesized by hepatocytes in the liver and released into the blood stream. Since 
FGB is a protein that is very abundant in blood, we examined if bladder tu-
mour cells express the protein endogenously. Intracellular staining was ob-
served on the TMA and the result of the WB analysis of total protein from 
the bladder cancer cell line T24 showed that the cell line express FGB 
endogenously (Figure 10B). 

 
Figure 10. A) The fibrinogen molecule consists of the alpha, beta and gamma mole-
cules. The beta chain is intertwined along the whole fibrinogen strand. Image ren-
dered using PDB file 3GHG in QuteMol (73). B) A band corresponding to the ex-
pected molecular weight of FGB, 56 kDa, was present when T24 lysate was ana-
lyzed with WB. 

FGB has been shown to act as a mitogen for fibroblasts and fibrinogen 
has been found to be involved in metastasizing in other studies. As an exam-
ple, the amount of lung cancer metastases decreases in fibrinogen- deficient 
mice. (74-76). It is also known that fibrinogen can attach to thrombocytes. 
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The FGB molecules produced by the tumour cell could function as anchors 
for thrombocytes that could make the cells less likely to be detected by the 
immune system. This could be one of the mechanisms by which fibrin and 
FGB facilitates metastasizing. 

SERPINA1 
The antiproteinase SERPINA1 is cancer-relevant, e.g. it has been demon-
strated that SERPINA1 expression is related to release of vascular endothe-
lial growth factor (VEGF) from lung cancer in vitro. VEGF is important for 
angiogenesis in embryonic development and wound healing. As previously 
stated, angiogenesis is also important for tumour development. SERPINA1 
has also been correlated to colorectal cancers invasiveness, metastatic poten-
tial and poor prognosis. SERPINA1 is also over-expressed in epithelial ovar-
ian cancer with low malignant potential when compared to high-grade inva-
sive epithelial ovarian tumours. In another study of a non-small cell lung 
adenocarcinoma cell line, the growth inhibitory effect of neutrophil derived 
factors, was reversed by addition of SERPINA1 to the cell culture medium. 
(77-79). 

When SERPINA1 expression was examined on the URO Fas A TMA and 
analyzed and the effect of the immunoreactivity was corrected for age, gen-
der, stage and grade with Cox regression it was found that Ta/T1 tumours 
that were SERPINA1 positive had a significantly higher risk to progress into 
muscle-invasive stages (HR=2.57, 95% CI: 1.13-5.87, p=0.025), see Figure 
11. We did not however find any significant difference in immunoreactivity 
between stages for this protein. (Paper II)  

By using the antibody-based ELISA method, our findings in Paper I with 
MS and WB that SERPINA1 has recently been confirmed more abundant in 
urine samples from urinary bladder cancer patients than in samples from 
controls, is confirmed by Urquidi et al. (80). 
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Figure 11. Kaplan-Meier plot describing that SERPINA1 positive TA/T1 tumours 
have a higher risk of progressing into muscle invasive tumours. Patients with SER-
PINA1 positive tumours are represented by a solid line and SERPINA1 negative 
with a dashed line. 

APOE 
The result of the APOE investigation with IHC on URO Fas A revealed in-
creasing immunoreactivity with increasing stage (p<0.001). (Paper II) 

There is not so much known about the cancer relevance of APOE. How-
ever, one study has shown that APOE has a role in ovarian cancer. When 
APOE expression in an APOE expressing ovarian cancer cell line was inhib-
ited by siRNA treatment, cell proliferation decreased and apoptosis was in-
duced. (81) In lung adenocarcinoma, APOE over-expression promotes pro-
liferation and migration and the disease is more aggressive in patients with 
APOE over-expressing tumours. (82) 

In the same ELISA study that found SERPINA1 to be more abundant in 
urine samples from urinary bladder cancer patients than in samples from 
controls, it was also confirmed that APOE is significantly more abundant in 
urine samples from urinary bladder cancer patients than in samples from 
controls. (80) However, when we analyzed urine samples from an independ-
ent cohort with DB we could not find a significant difference between the 
samples from patients with bladder cancer compared to urine from controls. 
(Paper I)  
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LRG1 
LRG1 was investigated further with WB and DB in the same manner as the 
other proteins. The MS results were confirmed in the WB (p<0.01) but not in 
the DB experiment. (Paper I) When we tested if increased immunoreactivity 
of LRG1 correlated with stage or any other clinical parameter, we did not 
find any correlations. 

The rRNA transcription proteins 
Ribosomal RNAs (rRNA) are vital parts of the ribosomes. The ribosome 
translates messenger RNAs (mRNA) into proteins. Proliferating cells, espe-
cially cancer cells, need ribosomes for its translation of mRNAs into protein 
to function properly. Ribosomes consist of large rRNA molecules and sup-
porting proteins. Overexpression of pre-rRNA in alveolar rhabdomyosarco-
mas indicate poor prognosis and many cancer cells over-express pre-rRNA 
(83). 

POLR1E and TOP2A 
The initial MS screening indicated inconclusively that two proteins, TOP2A 
and POLR1E, were more abundant in urine from bladder cancer patients 
than in controls. The proteins immunoreactivity on the other hand was 
greater in bladder tumour tissue than in morphologically normal urothelium 
when studied in the HPA database. These observations made them interest-
ing to study further by antibody-based methods. 

Both POLR1E and TOP2A had stronger signals (p<0.05) in the bladder 
cancer urine samples than the control samples when examining total urinary 
protein on WB (Figure 8D and F). 

POLR1E and TOP2A are both part of the Pol I complex, which is impor-
tant for rRNA transcription (Figure 12). POLR1E is important for initiation 
complex formation. In the complex, it is associated with UBF and Pol I 
(Figure 12). 

 
Figure 12. Schematic cartoon of the Pol I complex showing the MS identified pro-
teins PLOR1E, highlighted in red, and TOP2A, highlighted in blue. 

The complex allows specific rRNA transcription to take place (84). The 
importance of POLR1E has been demonstrated in yeast experiments. 
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POLR1E in one RNA Polymerase I-complex is in contact with CAST, an-
other constituent of the complex, in the adjacent complex. This allows many 
complexes to pack together on a strand of DNA containing the rDNA that 
needs to be transcribed in bulk to produce ribosomes. In yeast, knocking out 
the POLR1E ortholog, Rpa49, result in cells having fewer ribosomes and 
altered nucleolar morphology (85) 

In our IHC examination of the URO Fas A TMA, there was a significant 
increase of POLR1E (p<0.001) expression with stage when (Paper II; URO 
Fas A). We could see that the nuclei of the tumour cells and especially the 
nucleoli of the nucleus were strongly stained.  

The role of TOP2A in the complex is to guide Pol I to the rDNA promoter 
site so that transcription can occur (86). TOP2A has been investigated by 
IHC in urinary bladder tumour tissue by Koren, R et al. and the result of the 
study show that increased TOP2A expression was correlated to stage, grade, 
recurrence, and survival time. (87) We therefore decided to exclude TOP2A 
from our IHC validation. The protein is, however, still interesting in relation 
to bladder cancer and the fact that we could detect TOP2A in urine is note-
worthy. 

The Pol I complex molecules, including TOP2A and POLR1E, are inter-
esting potential drug targets in cancer. Cisplatin and the isomer transplatin, 
cause DNA damage and through this mechanism cell division is disrupted. 
However, only cisplatin inhibits rDNA transcription specifically by prevent-
ing the Pol I complex forming (88). Since we have shown that POLR1E and 
TOP2A can be detected in urine samples it would be of interest to investi-
gate if the expression of these proteins in tumours could be potential predic-
tive biomarkers, that can predict if a urinary bladder tumour would respond 
better to e.g. cisplatin treatment than tumours that do not. 

Metastasis-related proteins 

GAL1 
GAL1 and galectins in general are multifunctional. GAL1, a beta-
galactoside-binding protein, is present in a homodimer form consisting of 
two 14 kDa subunits that modulate cell-cell and cell-matrix interactions and 
is involved in angiogenesis and immune system evasion.  

GAL1 causes what is called homotypic aggregation. Homotypic means 
“with the same type” and means that cells aggregate together by GAL1 on 
one cells surface binding to GAL1 on another cells surface. This effect can 
be counteracted by a T antigen binding synthetic peptide, designated P-30. 
(89-90) GAL1 is expressed in the deciduas during pregnancy. GAL1 and 
other galectins are suggested to have an important role in the regulation of 
endometrial leukocytes through its ability to regulate antigen presentation, 
apoptosis, cell adhesion, chemotaxis (91) and immunosuppressive properties 
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causing inhibition of allogenic T-cell response (92). It has been shown that 
GAL1 can directly kill T cell by binding to different cluster of differentiation 
molecules on the cell surface of T cells (93) or making T cells more sensitive 
to induction of Fas (CD95)/caspase-8-mediated cell death (94).  

When knocking down GAL1 expression in a breast cancer cell line before 
inoculating mice with the cell line, tumour growth is reduced and lung me-
tastases are prevented when compared to control (95). High expression of 
GAL1 correlates to poor prognosis in epithelial ovarian cancer. (96) GAL1 
expression is up-regulated in head and neck squamous cell carcinoma cell 
lines when exposed to hypoxic conditions (97).  

In Paper III we analyzed the URO Fas A TMA by IHC with a GAL1 anti-
body and up-regulation of GAL1 immunoreactivity was found to be corre-
lated with increasing tumour stage (p<0.001) and grade (p<0.001). The im-
munoreactivity of GAL1 increase with stage as depicted in Figure 13.  

 
Figure 13. Galectin-1 immunoreactivity increase with stage. A) Ta tumours are in 
general negative, B) T1 tumours are moderately reactive and C) T2-4 tumours are 
highly reactive. 

In general, GAL1 stains vessels and stroma strongly in all variants of 
bladder cancer. The immunoreactivity of the tumour samples were examined 
for correlations to OS, DSS and PFS. We found that T1 bladder tumours 
with moderate/strong staining, after adjusting for tumour grade, patient age 
and gender, have a lower risk of recurrence (p<0.05, OR=0.31). When ana-
lyzing our data we also discovered that when T1 tumours were surrounded 
by GAL1 negative blood vessels they had a higher risk (p<0.0001) of pro-
gressing into muscle invasive tumours. The difference persisted when adjust-
ing for gender, age and grade (Figure 14). (Paper III) 
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Figure 14. Kaplan-Meier plot describing the increased risk (p<0.0001) of tumour 
progression of T1 tumours when they are surrounded by GAL1 negative vessels. 
Solid line = GAL1 negative vessels, dotted line = GAL1 positive vessels. 

In the primary tumour and metastasis material, 91% of patients with one 
metastasis and 100% of the primary tumours with several matched metasta-
ses, both primary tumour and metastases, were positive. This suggests that 
GAL1 could be an interesting therapeutic target candidate due to its general 
expression in advanced disease. 

What makes GAL1 especially interesting as a drug target is that there are 
already drugs targeting the protein. A 33 amino acids long peptide Anginex 
has been shown to inhibit endothelial cell proliferation and migration stimu-
lated by GAL1 (98). Anginex can also induce apoptosis in endothelial cells 
(99).  

We suggest that the homotypic aggregation that GAL1 produce is what 
causes GAL1 positive tumours to recur less often than GAL1 negative tu-
mours do. When the surgeon resects a GAL1 positive tumour, the tumour 
cells aggregate together making complete removal of the tumour more likely 
than when removing a GAL1 negative tumour.  

STMN1 
The protein STMN1 acts as a cytoskeleton destabilizer and is important for 
cell division to function properly. It binds dimers of α,β-tubulin and thereby 
destabilizing microtubules by promoting catastrophe, i.e. rapid breakdown of 
the microtubules. Since STMN1 also is a signature molecule of PTEN path-
way activation it has been proposed that it could be used as target in cancer 
treatment (100). 
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STMN1 has not just been implicated in urinary bladder cancer but also in 
other types of cancer e.g. acute leukaemia, ovarian cancer, pheochromocy-
toma, prostate adenocarcinoma and is linked to clinical outcome in brain, 
breast, liver and colorectal cancer (100-111). This shows that STMN1 is a 
highly cancer relevant protein, even though not specific for a certain cancer. 

In Paper IV, the expression of STMN1 was examined in the same two 
sets as was used in Paper III, the URO Fas A TMA and a set of primary tu-
mours and matching metastases. We found that high STMN1 expression 
correlated to high stage (p<0.01) and high grade (p<0.001). Examples of the 
IHC immunoreactivity on the tissue samples on the URO Fas A are shown in 
Figure 15. As in Paper III, the immunoreactivity of the tumour samples were 
examined for correlations to OS, DSS and PFS. In a multivariate analysis 
adjusting for stage, age, and gender the OS of T2-T4 patients was signifi-
cantly decreased in the moderate/strong STMN1 expression group compared 
to those with negative expression (HR=1.77 95% CI 1.02-3.07; p=0.04). The 
same was true for DSS when the STMN1 expression was compared for the 
same patient group. Patients with negative/weak tumour expression of 
STMN1 had longer DSS compared to those expressing STMN1 moder-
ately/strongly (HR=2.04 95% CI 1.13-3.68; p=0.02). When the effect of 
negative/weak STMN1 expression was compared to moderate/strong expres-
sion on DSS in patients with T1-4 tumours there was a significant decrease 
in DSS with moderate/strong STMN1 expression (HR=1.83 95% CI 1.09-
3.08; p=0.02). 



 

 45

 
Figure 15. STMN1 immunoreactivity patterns in A) normal bladder tissue with 
negative expression, B) low grade Ta tumour with weak expression, C) high grade 
T1 tumour with moderate/strong expression and D) high grade T2 tumour with 
moderate/strong expression. Moderate/strong expression of STMN1 in metastatic 
urinary bladder cancer exemplified in E) a high-grade T3 primary tumour and F) 
matching metastasis. 
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Figure 16. Kaplan-Meier plots showing the prognostic impact of STMN1 in bladder 
cancer. A) High expression of STMN1 in T2-4 tumours decreases overall survival 
significantly. B) High expression of STMN1 T1-4 decreases the disease-specific 
survival significantly and C) Disease-specific survival is significantly decreased for 
patients with T2-4 expressing high levels of STMN1. 

We also had the opportunity to study a metastatic bladder cancer material 
as in Paper III. As in Paper III, the material consisted of 70 primary tumours 
that had one matching metastasis and 20 primary tumours with several me-
tastases. Out of these patients, 69% of patients with one metastasis and 70% 
of those with several matched metastases were STMN1-positive in both the 
primary tumour and the matched metastases. 

We further used the T24 bladder cancer cell line to examine the effect on 
proliferation and taxane resistance, of STMN1 when transfecting the cells 
with a siRNA targeting STMN1, hence knocking the STMN1 expression 
down. When comparing T24 cells treated with siRNA targeting STMN1 
mRNA with T24 cells treated with scrambled siRNA the former resulted in a 
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significant decrease (p<0.0001) in cell viability 104 hours after the treatment 
as shown in Figure 17. 

 
Figure 17. A plot of the relative cell viability values measured at different time-
points after siRNA treatment. (×) represents scrambled siRNA and (●) represents 
siRNA targeting the STMN1 mRNA. The difference in viability is significant 
(p<0.0001) four days after start of treatment. 

STMN1 expression in bladder cancer cell lines has been reported to be as-
sociated with response to taxane-therapy and to recurrence in non-muscle 
invasive tumours (112-113). However, over-expression of STMN1 gives rise 
to resistance to paclitaxel, a taxane, though dependent on tau protein expres-
sion (113). In an attempt to investigate the sensitivity of the T24 cell line to 
paclitaxel, when STMN1 was blocked by siRNA, cells were treated with 
different concentrations of this drug. There was no difference in sensitivity 
to paclitaxel when treating the T24 cell line with either randomized or 
STMN1 targeting siRNA, as shown in Figure 18.  
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Figure 18. The relative abundance of cells versus concentration of paclitaxel. When 
treating cells transfected with STMN1 targeting siRNA or randomized siRNA there 
was no detectable difference in sensitivity to 48 hours of paclitaxel treatment with a 
range of different concentrations. 

The STMN1 protein has also been shown to be regulated at the posttrans-
criptional level. A mutation in STMN1 that affects a phosphorylation site in 
the protein, found in oesophageal adenocarcinoma was induced in a cell line. 
The mutation transformed the cells and resulted in cells forming clusters, 
foci, of roughly 100 cells and tumour growth in immunodeficient mice. 
(114) Another study, of the same mutation, in a leukaemia cell line showed 
increased aneugenic activity when STMN1 was over-expressed. (115) This 
indicates that future studies of urinary bladder cancer related proteins might 
need to be performed at even more complex levels. 
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Future prospects and concluding remarks 

The search for disease biomarkers is a difficult task with many pitfalls. The 
road from being an interesting biomarker candidate to becoming a true bio-
marker in clinical use is long. Proteins identified as potential biomarkers in 
this thesis could provide insight into the mechanisms behind the disease even 
though the potential as a biomarker might not be fulfilled. The proteins dis-
cussed in this thesis have caught our attention in different ways, but they 
have been investigated further in a similar manner.  

 Since we have had bladder cancer as our focus, urine was one obvious 
source of biomarkers. However, the varying composition of urine, in terms 
of salt, proteins and metabolites, from different subjects required the samples 
to be correctly prepared for the analyses. The initial MS analysis of urine in 
Paper I was dependent on a comparison between a database of in silico-
digested proteins and the m/z values detected by the MS. Since the proteins 
in the database only include known proteins, we cannot detect proteins with 
unknown sequence by this method. Proteins of unknown sequence can origi-
nate from e.g. unknown splicing variants, DNA sequence rearrangement or 
mutations. 

Since there has been no improvement in the relative survival time for 
bladder cancer patients during the last decade, in the same way as there has 
been for other types of cancer, there is room for improvement in how the 
disease is diagnosed and treated. The chance of succeeding when treating 
cancer is dependent on how early the disease is diagnosed and treatment can 
start. The earlier it is diagnosed the greater the chance is of treating the can-
cer successfully. By investigating protein expression in the context of clini-
cal data, deeper understanding about the proteins can be gained.  

We looked at the diagnostic value of APOE, FGB, LRG1 and SERPINA1 
using dot blot analysis of urine. We used dot blot to be able to analyse a 
large number of samples in a fast manner with minimal sample preparation. 
We analyzed almost a hundred samples at once and only needed 8 µl of un-
treated urine samples. We validated the over-abundance of FGB and SER-
PINA1 in urine from bladder cancer patients and the sensitivity and specific-
ity values that we reported for FGB and SERPINA1 in Paper I are compara-
ble to other urinary biomarkers, even though the values need to be validated 
in a larger, independent sample set. 

It is also of great importance to find biomarkers that can determine if the 
T1 tumour is likely to progress or not. The finding, that SERPINA1 expres-
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sion is a potential prognostic biomarker, indicating a higher risk of Ta/T1 
progression, could be used when deciding on the aggressiveness of Ta and 
T1 tumours. We also observed that GAL1-negative blood vessels are linked 
to T1-progression. Both these findings need to be confirmed in an independ-
ent material. 

Therapeutic target candidates, such as GAL1 and STMN1 could provide 
more treatment options for bladder cancer patients. For example, there are 
already drugs available targeting GAL1, e.g. Anginex, and if our discoveries 
are validated and put into clinical use, this could result in increased survival 
time for patients with GAL1 expressing tumours and metastatic disease. 

During the work with this thesis, other groups have reported similar find-
ings, which encourages further studies and strengthens our results. It would 
also be of interest to carry out more cell culture experiments, such as knock-
ing down the expression of several proteins, in the same manner as we have 
done with STMN1 expression, to study the effect of the proteins on prolif-
eration and invasiveness. Even though STMN1 is not related to paclitaxel-
response, STMN1 is still a potential therapeutic target, since reduced 
STMN1-levels inhibited the growth of the bladder cancer cells. 

It is not realistic that the biomarker candidates proposed in this thesis will 
be translated into clinical use in the near future, but it will hopefully reach 
closer to clinical use after careful validation by several research groups. 
Meanwhile, the discovered proteins should be further investigated in the lab 
to elucidate their function in urinary bladder cancer and cancer in general. 

In summary, the work in this thesis will hopefully be of use to others who 
want to study the urinary proteome of bladder cancer or other types of dis-
ease, and of course to improve the care of urinary bladder cancer patients. 
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Populärvetenskaplig sammanfattning 

Urinblåscancer är en av de vanligaste cancerformerna. Den drabbar till 
största delen äldre människor och ¾ av de som drabbas är män. 

De ytliga formerna av urinblåscancer kräver regelbundna undersökningar 
av urinblåsan då det ofta bildas nya tumörer trots att den ursprungliga tumö-
ren opererats bort och förebyggande behandling har givits. Undersökningar-
na som görs för att upptäcka om sjukdomen återkommit upplevs som mycket 
obehagliga av patienten och de är dessutom kostsamma för sjukvården. Detta 
gör att man skulle ha mycket att vinna på att kunna utveckla metoder som 
gör dessa undersökningar onödiga. Man måste också övervaka så att de ytli-
ga tumörerna inte utvecklas till mer aggressiva tumörer. För patienter med 
aggressiva tumörer finns det en risk för att dessa metastaserar, dvs sprider 
sig i kroppen.  

Eftersom urinblåsan, och därmed även tumören, är i direkt kontakt med 
urinen så har vi undersökt om det finns proteiner i urinen som man kan ut-
nyttja för att kontrollera sjukdomen. Detta skulle kunna ske genom att man 
mäter mängden av dessa proteiner och på så sätt få en indikation på om nya 
tumörer bildats i blåsan eller om de befintliga tumörerna har förvärrats. 

I Delarbete 1 användes masspektrometri, en metod som känner av protei-
ners vikt och därmed kan identifiera proteiner, för att förutsättningslöst un-
dersöka proteinerna i urinprover från personer som hade tumörer i urinblåsan 
och personer som inte hade det. Därefter kunde vi jämföra i vilken halt dessa 
proteiner förekom. Vi gick vidare och undersökte hur mycket det fanns av 
proteinerna i urin från patienter med cancer med hjälp av antikroppar. När vi 
undersökte fler urinprover från samma provsamling bekräftades det vi sett 
tidigare men när vi undersökte en annan provsamling bekräftades den ökade 
halten bara för två proteiner. 

I Delarbete 2 arbetade vi vidare med de proteiner som vi fann intressanta i 
Delarbete 1, APOE, FGB, LRG1 och SERPINA1 och ytterligare 2 proteiner, 
POLR1E och TOP2A. Vi undersökte om proteinerna som förekom i urinen 
hos urinblåsecancerpatienterna också uttrycktes i deras tumörvävnad. Vi 
kunde, med statistiska metoder, på så sätt avgöra om mängden av proteinet i 
urin eller om mängden protein i vävnad kan användas för att avgöra om en 
patient har en tumör i urinblåsan eller om den kan användas för att ge patien-
ten en prognos för hur sjukdomen kan komma att utvecklas. 

I Delarbete 3 undersökte vi om proteinet, Galectin-1, kan vara en målmo-
lekyl vid riktad behandling. Galectin-1 har många funktioner i kroppen. 
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Bland annat kan proteinet göra immunförsvaret mindre aggressivt. Detta är 
en god egenskap när proteinet finns på rätt ställe, t.ex. i livmodern under 
graviditeten då fostret måste skyddas från moderns immunförsvar. När det 
där emot finns i en tumör i urinblåsan är det ett problem. Då kan proteinet 
nämligen göra så att tumören, som man vill ska angripas av immunförsvaret, 
undkommer immunförsvaret. Om man med läkemedel skulle kunna stänga 
av proteinet i tumören skulle detta kunna ge immunförsvaret en bättre chans 
att döda tumörcellerna. 

I Delarbete 4 studerade vi ett protein som är viktigt för att celler ska kun-
na dela sig. Proteinet, STMN1, är aktivt i cellen tills det är dags för cellen att 
dela på sig. Då inaktiveras det och släpper ifrån sig byggstenar som behövs 
för att cellens skelett ska kunna byggas om så att delningen kan ske. Vi un-
dersökte hur urinblåscancertumörceller reagerar på att man stänger av pro-
duktionen av proteinet. Det visade sig att cellerna växer och delar sig sämre 
då man gör detta. Denna upptäckt skulle kunna betyda att man genom att slå 
ut proteinets funktion med läkemedel skulle kunna minska tumörtillväxten.  

Sammanfattningsvis så visar denna avhandling på flera intressanta protei-
ner som i framtiden kan komma att förbättra vården av blåscancerpatienter. 
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