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Abstract
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The aim of this thesis is to in various ways explore protein expression in human normal tissue
and in cancer and to apply that knowledge in biomarker discovery.

In Paper I the prognostic significance of RNA-binding motif protein 3 (RBM3) is explored in
malignant melanoma. To further evaluate the prognostic significance of RBM3 expression was
assessed in 226 incident cases of malignant melanoma from the prospective populationbased
cohort study Malmö Diet and Cancer Study using tissue microarray technique (TMA). RBM3
was shown to be down regulated in metastatic melanoma and high nuclear expression in
the primary tumor was an independent marker of prolonged over all survival. As a tool to
facilitate clinical biomarker studies the Human Protein Atlas has created a tissue dictionary as
an introduction to human histology and histopathology. In Paper II this work is introduced.

A cancer diagnosis can be a complex process with difficulties of establishing tumor type
in localized disease or organ of origin in generalized disease. Immunohistochemically assisted
diagnosis of cancer is common practice among pathologists where its application combined with
known protein expression profiles of different cancer types, can strengthen or help dismiss a
suspected diagnosis. In Paper III the diagnostic performance of 27 commonly used antibodies
are tested in a predominantly metastatic, multicancer cohort using TMA technique. Overall these
27 diagnostic markers showed a low sensitivity and specificity for its intended use, highlighting
the need for novel, more specific markers.

Breast, ovarian, endometrial and ovarian cancers affect predominantly women. Differential
diagnostics between these cancer types can be challenging. In Paper IV an algorithm, based
on six different IHC markers, to differentiate between these cancer types is presented. A new
diagnostic marker for breast cancer, namely ZAG is also introduced.

In Paper V the transcriptomic landscape of the adrenal gland is explored by combining
a transcriptomic approach with a immunohistochemistry based proteomic approach. In the
adrenal gland we were able to detect 253 genes with an elevated pattern of expression in the
adrenal gland, as compared to 31 other normal human tissue types analyzed. This combination
of a transcriptomic and immunohistochemical approach provides a foundation for a deeper
understanding of the adrenal glands function and physiology.
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APC Adenomatous polyposis coli   
cDNA complementary DNA   
CK Cytokeratin   
CUP Cancer of Unknown Primary   
DAB Diaminobenzidine   
EOD Extent of Disease   
ER Estrogen receptor   
EGFR Epidermal growth factor   
FAP Familial Adenomatous Polyposis   
FFPE Formalin fixed paraffin embedded   
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UICC  Union for international Cancer Control   
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Introduction 

Cancer constitutes a tremendous burden on society worldwide. In 2012 an 
estimated number of 14,1 million new cases and 8,2 million deaths were 
attributed to cancer[1]. Cancer is a group of diseases in which a population 
of cells proliferates out of control, acquire the ability to invade adjacent 
structures and spread to distant sites of the organism.  In the year of 2000 
Hanahan and Weinberg postulated the six hallmarks of cancer based on the 
theory that cancer is a multi-step process where numerous genetic alterations 
drive the progressive transformation of normal cells into cancer cells.  The 
six hallmarks of cancer include: self-sufficiency in growth signals, insensi-
tivity to growth-inhibitory signals, evasion of apoptosis, limitless replicative 
potential, sustained angiogenesis and tissue invasion and apoptosis [2]. After 
this initial publication considerable progress in research lead to a deeper 
understanding of cancer biology and a revised version was published in 2011 
by the same authors. In this version more recognition was given to the tumor 
microenvironment as an integral part of tumorigenesis. Two additional ena-
bling hallmarks were added: genome instability and inflammation. Another 
two hallmarks were also discussed as emerging hallmarks: reprogramming 
of energy metabolism and evading immune destruction[3]. 
 
Despite of massive research in the cancer field the occurrence of cancer is 
increasing both due to a growing and aging population as well as rising 
prevalence of established risk factors such as overweight, smoking and phys-
ical inactivity[4].  In women the cancers with highest prevalence worldwide 
are, in declining order, breast, colorectal, lung, cervix uteri, stomach, corpus 
uteri, ovary, thyroid, liver and non-Hodgkin lymphoma. For men; lung, pros-
tate, colorectal, stomach, liver, urinary bladder, esophagus, non-Hodgkin 
lymphoma, kidney and leukemia[5]. The most deadly cancers for women are 
breast, lung and colorectal and for men lung, liver and stomach. The majori-
ty of these cancers are carcinomas, cancers of epithelial linage, which is the 
only cancer type that will be considered throughout the rest of this thesis.       
 
 
The Union for International Cancer Control’s (UICC) TNM classification 
system describes the anatomic burden of cancer in a patient. Since it’s de-
velopment between 1943-1960 the classification system has aimed to aid the 
clinician in treatment selection, to give indication of prognosis, provide a 
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foundation for evaluation of treatment results and to provide a basis for clin-
ical research and enable comparison between different clinics and 
countries[6]. The stage groups are assigned to tumors with similar prognosis 
and are based on the T (local tumor growth), N(spread to regional lymph 
nodes) and M (distant metastasis)[7]. The classification system is systemati-
cally revised by expert groups to reflect the most current understanding of 
cancer disease and in 2017 the 8th version of TNM will be introduced. De-
spite massive research into cancer biology and advances in genomics, prote-
omics and molecular pathology, anatomical extend of disease (EOD) re-
mains the principal prognostic factor when assessing a cancer patient. The 
biomarker discovery field aims to improve cancer patient assessment and 
offer personalized cancer care. 
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Biomarkers 

A biomarker is as “a biological molecule found in blood, other body fluids, 
or tissues that is a sign of a normal or abnormal process, or a condition or 
disease,” as defined by the National Cancer Institute (NCI)[8]. In medical 
practice we relay heavily on biomarkers to distinguish disease from health or 
estimate the severity of diseased states. In order to gain a better understand-
ing of cancer biology massive research efforts have been devoted to the in-
vestigation of cancer biomarkers[9]. A biomarker, as it is defined, can be any 
biological molecule including, but not limited to nucleic acids, epigenetic 
alterations, proteins and small metabolites. There are many potential applica-
tions of biomarkers in clinical management of patients afflicted with cancer 
including risk assessment for developing cancer, early detection, differential 
diagnostics, determining prognosis, prediction of treatment response and 
early detection of recurrent disease[10]. 

Premorbid risk assessment can help select patients whom should be subject 
to more rigorous screening or prophylactic treatments. Familial adenomatous 
polyposis (FAP) is an autosomal dominant syndrome with a highly elevated 
risk of developing colorectal cancer[11]. The syndrome is most often associ-
ated with a mutation in the adenomatous polyposis coli (APC) gene[12]. A 
patient with a strong family history of colorectal cancer can undergo testing 
to detect mutations within the APC gene, and if present can take part in fre-
quent screening with colonoscopy and eventually be eligible for colectomy 
to prevent progression to colorectal cancer.  Screening and timely treatment 
of patients and family members with this mutation has lead to a decrease in 
incident of colorectal cancer and a considerably improved prognosis for af-
flicted individulas[13]. 

The prospect of being able to screen the general population for cancer is of 
course of immense interest since it would allow for disease detection at an 
early stage when chances of cure are highest. The ideal biomarker would be 
highly sensitive, specific and detectable in blood or urine for simple testing. 
The best studied marker for early cancer detections is perhaps elevated levels 
of prostate specific antigen (PSA) in blood in prostate cancer screening[14]. 
Its use has however come to be controversial - an elevated level of PSA in 
blood is very sensitive for prostate cancer but its specificity is low since PSA 
is also increased in benign prostatic hyperplasia. The diagnosis of prostate 
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cancer is hence always based on histology[15]. Over diagnosis as a direct 
result of PSA testing probably occurs, leading to unnecessary prostatecto-
mies with potential serious complications in patients with indolent, non-life-
threatening disease. In the 2011 review “Screening for Prostate Cancer: A 
Review of the Evidence for the U.S. Preventive Services Task Force” the 
authors conclude “Prostate-specific antigen–based screening results in small 
or no reduction in prostate cancer–specific mortality and is associated with 
harms related to subsequent evaluation and treatments, some of which may 
be unnecessary”[16]. Due to the low specificity of the test, mass-screening 
of the male general population using PSA is currently not recommended in 
Sweden.   

Prognostic biomarkers aim to predict disease outcome regardless of interven-
tion. Advantages of being able to determine prognosis at the onset of disease 
enables better survival prediction and also selection of patients for whom 
more intense treatment regimes would be beneficial. Immunohistochemical 
(IHC) prognostic biomarkers are rare. Two examples are, however, estrogen 
(ER) and progesterone (PR) expression in breast cancer, which serve both as 
prognostic and predictive markers. ER and PR status of breast tumors is 
always assessed with IHC in clinical pathology. Patients with ER and/or PR-
positive tumors have a survival advantage compared to those with double 
negative tumors. PR-positive status implies a functional intact estrogen 
pathway[17] and is predominantly prognostic[18].  Although immense re-
search efforts have been poured into the field of prognostic biomarkers and 
high numbers of reports of clinically promising markers have been published 
very few new markers have moved into clinical practice [19] often due to 
lack of reproducibility in subsequent studies[20].  

The term predictive biomarker is reserved for the association of a specific 
intervention and a clinical response[21]. With increasing understanding of 
how genetic aberrations in oncogene and tumor suppressor pathways influ-
ence tumor growth the field of targeted therapeutics has evolved[22]. These 
targeting drugs are designed to disrupt the growth and spread of cancers by 
interfering with specific molecular targets that are believed to be pivotal for 
tumor progression. By identifying the presence of such molecular targets in 
tumors patients can be offered therapeutic options tailored for their specific 
disease. Mutations in the epidermal growth factor receptor (EGFR) gene are 
found in multiple kinds of cancer. The EGFR protein is a tyrosine kinase 
(TK) receptor consisting of an extracellular domain, a transmembrane do-
main and an intracellular domain[23]. Under normal circumstances ligand 
binding to the extracellular domain causes dimerization of receptors initiat-
ing downstream signaling events that include cellular proliferation and sur-
vival[24].  A subset of non-small-cell lung cancers (NSCLC) harbors activat-
ing mutations in the EGFR-gene, with an overall prevalence of 32.3%[25]. 
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Patients whose tumors have activating EGFR-gene mutations are likely to 
respond to treatment with EGFR tyrosine kinase inhibitors (TKIs)[26]. The 
two EGFR TKIs Gefitinib and Erlotinib have been approved for treatment of 
advanced NSCLC improving progression-free survival compared to standard 
chemotherapy to 10.8 months vs. 5.4 month and 9.7 months vs. 5.2 months 
respectively[27, 28]. 

Biomarkers can also be used for surveillance and to monitor treatment. 
Monoclonal antibodies towards CA125 that reacted with ovarian carcinoma 
was first described in 1981[29]. CA125 serum levels are raised in about 82% 
of ovarian cancer patients, but is also detected at elevated levels in a number 
of other cancers including lung, breast, pancreas and colorectal cancer, as 
well as in non-malignant conditions such as liver cirrhosis and endometrio-
sis[30]. CA125 is not recommended for screening for ovarian cancer[31] but 
can however be used to detect relapsing disease and monitor response to 
treatment as rising levels indicate recurrence of disease 3-4 months before it 
is clinically evident[32].     

Diagnostic biomarkers are used to distinguish between normal biological and 
pathological processes as well as to differentiate between different diseases. 
In pathology the utilization of IHC for diagnostic purposes is based on the 
hypothesis that just as morphology is partly retained throughout normal tis-
sue to cancer to metastasis transformation, so is gene expression. The ex-
pression of tissue specific gene products can thus be investigated to establish 
organ of origin in the cases of metastasis. This theory is widely accepted in 
clinical practice and is supported by more recent transcriptomic studies 
where at least metastasis from breast, lung, cervix, endometrium, stomach 
and ovary seem to cluster with their tissue of origin[33]. Transcriptomic 
studies, in which correlation between tissue and tumor are based on relative 
abundance of a magnitude of transcripts are however not easily translated 
into applicable IHC assays that depend on the detection of a single or a few 
tissue specific markers. Furthermore, true tissue specific expression is 
rare[34] and commonly lost in tumor transformation. There are however a 
good selection of tumor specific markers that is routinely applied in patholo-
gy diagnostics. Perhaps the most commonly used group of markers for dif-
ferential diagnosis of carcinomas are the cytokeratins (CK’s). Cytokeratins 
are structural units of the cells cytoskeleton and represent type I and type II 
intermediate filaments. In 1982 a catalogue of human cytokeratins was pub-
lished including 19 members[35] and in 1990 CK20 was added to the cata-
logue[36]. Cells usually express pairs of CK’s one belonging to type I inter-
mediate filaments and one belonging to type II. Epithelial tissue can be clas-
sified according to their CK expression where simple epithelia express the 
simple epithelial CK’s 7, 18, 19, 20 and stratified epithelium expresses the 
complex epithelial CK’s 5/6, 10, 14 and 15[37]. Cancer cells often maintain 
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the CK profile of their organ of origin, which can be utilized for diagnosis. 
An example is differential diagnostics between a colon cancer metastasis and 
primary or metastatic adenocarcinoma of the lung by the application of CK7 
and CK20. Colon cancer metastases are usually CK7-negative and CK20-
positive, while the opposite is true for lung adenocarcinomas making this set 
of CK’s suitable in this clinical situation[38].  Most CK’s are however not 
specific for a single cancer type, CK20  is not only expressed in colon cancer 
but also in approximately 60% of stomach cancer making it unsuitable to 
differentiate between those two cancer types. It is therefore of uttermost 
importance to have good knowledge of the staining patterns of the CK’s if 
they are to be applied for clinical diagnostics.  

Prostate specific antigen (PSA) is another marker that is well established in 
pathology diagnostics. Already upon its discovery in 1979 PSA was de-
scribed as a protein that is specifically expressed in normal prostate and in 
prostate cancer [39]. Due to its almost perfect sensitivity and specificity it 
for its cancer type it can be heavily relied on in differential diagnostics in-
volving prostate cancer[40] (Figure 1). 
 
 

 
Figure 1. Sixteen tissue micro array sections assembled each representing different 
cancer types. The sections have been immunostained for PSA. Only the section 
compiled from prostate cancer show positive results highlighting the high specificity 
of PSA as a diagnostic marker. 
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Protein Expression in Normal Tissues and 
Organs 

In 1956 Francis Crick described the central dogma of molecular biology, and 
it was restated in a 1970 publishing in nature saying “The central dogma of 
molecular biology deals with the detailed residue-by-residue transfer of 
sequential information. It states that such information cannot be transferred 
back from protein to either protein or nucleic acid” [41]. Or has been restat-
ed; that during general conditions in a living cell DNA makes RNA that 
makes protein. The completion of the first draft of the human genome in 
2001 [42] was a major milestone in fundamental understanding of human 
biology. It provided an initial blueprint of a human being. A next step to 
decipher the information entailed in this blueprint is to explore how the gene 
products function and by which cells they are expressed. The human genome 
encodes for approximately 30 000 genes, of which approximately 20 000 are 
protein coding [43]. 

 
The Human Proteome Organization (HUPO) was launched in February of 
2001 with an initiative “To define and promote proteomics through interna-
tional cooperation and collaborations by fostering the development of new 
technologies, techniques and training to better understand human 
disease”[44].  The Human Proteome Project (HPP) is a HUPO initiative that 
is designed to map the entire human proteome[45] with respect to protein 
abundance distribution, subcellular localization, interaction with other bio-
molecules and functions at specific time points. HPP defines its tree working 
pillars as: mass spectrometry, antibody based proteomics and knowledge 
based resources.  

In May of 2014 a Mass-spectrometry (MS)-based draft of the human prote-
ome was released and made publically available through the database Prote-
omicsDB[46]. Evidence was provided for 18,097 of all protein coding genes 
covering about 92% of all proteins. MS has the advantage of providing in-
formation of protein-protein interactions, time dependent expression pat-
terns, post-translational modifications and protein abundance while falling 
short on providing information of subcellular localization, cell-type speci-
ficity and subcellular localization. 
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As will be discussed further down the Human Protein Atlas (HPA) is also 
focused on describing the human proteome and in January of 2015 a tissue 
based map of the human proteome using quantitative transcriptomics and 
antibody based proteomics was released[34].  This includes information on 
tissue specific proteome, the human secretome and membrane proteome, the 
housekeeping proteome, the regulatory proteome, cancer proteome and the 
druggable proteome.  

Housekeeping genes 
Genes expressed in all cells, under all conditions and are necessary for cell 
structure, regulation and metabolism are considered housekeeping genes. It 
is important to establish what proteins constitute the housekeeping proteome 
both for fundamental understanding of cell biology and in experimental de-
sign settings[47]. Even though the definition of housekeeping genes is clear, 
defining what genes belong to the group remains challenging. Depending on 
inclusion criterion the number might vary. Eisenberg and Levanon identified 
3804 housekeeping genes derived from RNA-seq data from the Human 
BodyMap 2.0 Project using the inclusion criteria that the transcripts must be 
detectable in all 16 analyzed tissues at a level with low variability[48]. Wil-
helm et. al  postulate a core proteome of 10,000-12,000 ubiquitously ex-
pressed genes in the ProteomicsDB[46]. HPA suggest close to 9,000 house-
keeping genes using a cut-off expression level of at least 1 FPKM in a total 
of 32 analyzed tissues with RNAseq [34].  

Tissue specific protein expression 
Housekeeping genes are involved in general control and maintenance of 
cells, but cells of a multicellular organism specialize, acquire different phe-
notypes and perform widely different functions (Figure 2). This specializa-
tion of cells is possible through differential gene expression; a cell does not 
express all the genes it harbors in its nucleus, and the repertoire of RNA and 
protein molecules in a cell defines its cell type. According to Uhlén et. al 
about 12% of all protein coding genes are expressed at much higher levels 
(at least 5-fold) in one tissue compared to 32 analyzed tissues[34]. About 5% 
of all genes are expressed in groups of two to seven tissues at least five times 
higher than all other tissues. These expression patterns suggest that the genes 
with elevated expression in certain tissues are implicated in the biological 
function of that particular tissue. This is also supported when gene ontology 
(GO) analyses are applied to the generated gene lists. GO-terms that are 
returned for genes that are elevated in the brain include transmission of 
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nerve impulses and neurological system process. GO-terms that are returned 
for skin include epidermis development and cell adhesion[34].  

Apart from generating a map of the human proteome, knowledge of tissue 
specific expression can provide a start point to new insights into protein 
function. Either of already established proteins as well as of those that to 
date are uncharacterized and also provide new insights into tissue function 
by discovery of new gene expression profiles. 

 

 
Figure 2. The diversity of cell phenotypes is here exemplified by immunostained 
tissue sections of A) the cerebellum B) liver and C) skin. 
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The Human Protein Atlas 

The Human Protein Atlas Project was launched in 2003 with the aim to map 
all human proteins to tissue expression and subcellular location using anti-
body based proteomics and tissue micro array technique[49]. Protein expres-
sion pattern was first analyzed in 48 different normal tissue types and 20 
different cancer types. Later the atlas was extended with the addition of sub-
cellular profiling using immunofluorescence-based confocal microscopy in 
three human cancer cell lines[50] and transcriptomic data from 32 normal 
tissues[51].  
 
As the HPA is designed for systematic analysis of protein expression of all 
human protein coding genes using antibody based proteomics it is highly 
dependent on the generation specific antibodies.  In brief, low homology 
regions are identified from protein coding sequences of the human genome. 
This protein epitope signaling tag (PrEST) is selected, amplified and cloned 
into Escherichia coli for production of recombinant protein. The PrEST pro-
teins are purified and then used for immunization in rabbits to produce poly-
clonal antisera. Using the PrEST protein the polyclonal antisera are affinity 
purified to yield monospecific antibodies (msAbs). The antigen binding 
properties of the msAbs are further tested, first, through protein arrays con-
taining the target antigen and then further through western blot, IHC and 
immunofluorescence[52] (Figure 3). Whether or not the antibody is ap-
proved is based on concordance of detected protein expression with availa-
ble bioinformatic resources, comparative results with additional antibodies 
directed toward the same protein and concordance with RNA-seq data. 

All data generated through HPA is made publically available through the 
interactive Human Protein Atlas portal (www.proteinatals.org) including 
high resolution images and antibody validation procedures. So far both tran-
scriptomic and antibody based proteomic data for 82% of the genome is 
covered, providing expression profiles on tissue, cell type and subcellular 
level. 
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Figure 3. . General workflow for the generation of affinity purified antibodies 
within HPA. Antigen selection is based on the identification of a suitable PrEST 
through gene data and bioinformatics analysis. This PrEST is cloned into bacteria 
that will express the protein. The protein is further purified and used for immuniza-
tion of an animal as well as for purification of the antibodies produced by the im-
munized animal. The antigen binding properties of the generated antibody is tested 
through binding towards its own antigen in a protein array as well as through IF, 
WB and IHC.    
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Cancer of Unknown Primary 

Definition, Epidemiology and etiology 
Cancer of unknown primary (CUP) cases refers to patients who present with 
histologically-confirmed metastatic cancer in whom thorough clinical inves-
tigation fails to detect at primary tumor. CUP represent approximately 3-5 % 
of all solid tumor cases [53, 54].  

In Sweden about 1 500 persons a year are diagnosed with CUP and the 
distribution among men and women is approximately equal[55]. In the Nor-
dic countries waiters, cooks and hairdressers have the highest standardized 
incidence rate and physicians and teachers are among those who lowest 
risk[56]. Risk factors for being diagnosed with CUP are smoking, in particu-
lar heavy smoking with a consumption of 26 or more cigarettes per day 
(relative risk 3.66, 95% C.I., 2.24 – 5.97) and high waist circumference 
(relative risk 1.29, 95% C.I., 1.02-1.65)[57]. An association between being 
hospitalized for autoimmune disease and subsequent development of CUP 
has been seen, with polymyositis/dermatomysositis, primary biliary cirrhosis 
and Addison’s disease carrying the highest risk[58].  Histologically adeno-
carcinoma accounts for the largest group[59]. Over the last years the inci-
dence in Sweden has been decreasing similar to that of other smoking related 
cancers[55]. 

Diagnosis and pathogenesis  
The clinical picture of CUP is a disseminated disease with rapid progression. 
The patients commonly present with a short history of non—specific com-
plaints, such as weight loss, anorexia and malaise. About 30% of patients 
will have metastasis present at three sites or more at time of diagnosis[60]. 
To establish the diagnosis of CUP a thorough clinical investigation has to be 
conducted including careful medical history, physical examination, full 
blood count, basic biochemistry battery, urine analysis, stool occult blood 
testing, immunohistochemistry with specific markers as well as imaging 
technology with chest x-ray, computed tomography of the chest abdomen 
and pelvis or mammography and MRI in certain cases [61]. 

There are opposing believes whether or not the disease itself constitute a 
separate entity with specific genetic aberrations defining it as a primary met-
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astatic disease, in which case classification of tumor of origin is pointless 
and CUP-specific treatment regimes should be applied. An opposing theory 
is that CUP simply is a group of metastatic tumors with a yet undefined pri-
mary tumor and determination of site of origin is of uttermost importance 
and should govern choice to treatment and define prognosis [62].   

Autopsy frequency has decreased in Europe and USA since the 1950’s 
[63].  Although autopsy still is important for our understanding of diseases 
and for the identification of misdiagnosis it has in large been replaced with 
interventional bioptic procedures and modern radiology techniques. In a 
review of twelve cohort studies of CUP including 884 patients that under-
went autopsy between 1944-2000 the primary tumor was found in 73% of 
cases[64] [65]. The most common sites for primaries were lung (27%), pan-
creas (24%), liver or bile duct (8%) and kidney or adrenal (8%) and the most 
common histology was adenocarcinoma (54%) and undifferentiated carci-
noma (23%), while squamous carcinoma accounted for 10%. The patients 
usually presented with wide-spread metastases to the lung (46%), lymph 
nodes (35%), liver (23%), bone (17%), brain (16%) and abdomen (10%). 
Unusual sites of metastasis, such as spleen, stomach, bowel, ovary, skin, soft 
tissues, parotid, thyroid, scalp, heart and breast, was also common and seen 
in 18% of cases.  

Studies trying to elucidate the underlying biology of CUP have predomi-
nantly been single-gene and single protein studies and have failed to estab-
lish a common CUP-specific molecular signature[62]. Aneuploidy is report-
ed in about 70% of adenocarcinomas with unknown primary, similar to that 
of other adenocarcinomas[66]. The incidence of gene mutations or overex-
pression of oncogenes in CUP is similar to rates reported for metastatic can-
cer of known primary[67]. Expression rates of the tumor suppressor genes 
Bcl-2 and TP53 has no prognostic value but might suggest higher sensitivity 
to cisplatin-based chemotherapies[68]. However, a study comparing the ex-
pression of the angiogenetic factor vascular endothelial growth factor 
(VEGF) in metastatic squamous carcinoma of known and unknown primary 
found that the expression of VEGF is lower in CUP cases[69], which might 
provide insight into the biology of CUP. 

Molecular assessment  
Diagnosis of CUP includes a carful medical history, a thorough clinical ex-
amination and extensive laboratory and radiologic work-up. After biopsy 
pathological examination plays a crucial role. Microscopic evaluation can in 
many cases classify tumors into broader categories but the addition of IHC 
stains are usually necessary to narrow down diagnosis. Most published pa-
pers presenting results on tumor specific IHC markers investigate primary 
tumors alone. A meta-analysis performed by Glenda et.al investigated the 
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difference between diagnostic performances of commonly applied diagnostic 
markers in metastatic and primary tumors[70]. Tissue identification could be 
achieved in 82.3% of cases considering both metastatic and primary tumors 
but only 65.5% considering metastatic tumors alone, suggesting that tissue 
specific protein expression is lost in metastatic transformation, which poses a 
challenge in trying to establish site of origin in CUP cases. Even though 
CUP is almost always carcinoma, other cancer types are usually considered 
for differential diagnostics and are therefore taken into consideration. There 
is a high diagnostic accuracy for differentiating metastatic carcinoma from 
malignant melanoma, sarcoma and lymphoma using the markers pancyt-
okeratin (eg. AE1/AE3), S100, CLA and VIM[71, 72]. Further evaluation of 
carcinomas can be challenging but still guided by commonly used diagnostic 
markers as listed in table 1.  

Table 1. Immunohistochemical approach for assessing CUP-cases. (Cancer of 
unknown primary site, Pavlidis N, Pentheroudakis G)  

 Diagnosis 
Step 1  
AE1/AE3, pan-cytokeratin Carcinoma 
Common leucocyte antigen Lymphoma 
S100; HMB45 Melanoma 
S100; Vimentin Sarcoma 
Step 2  
CK7/CK20; PSA Adenocarcinoma 
PLAP; OCT4; AFP; human chorionic gon-
adotropin 

Germ-Cell tumor 

HEPPAR1; canalicular pCEA; CD10 or 
CD13 

Hepatocellular carcinoma 

RCC; CD10 Renal cell carcinoma 
TTF1; thyroglobulin Thyroid carcinoma 
Chromogranin; synaptophysin; PGP9.5; 
CD56 

Neuroendocrine carcinoma 

CK5; CK6; p63 Squamous cell carcinoma 
Step 3  
PSA; PAP 
TTF1 

Prostate cancer 
Lung cancer 

Development of new diagnostic assays aimed at identifying a primary site is 
problematic in the case of CUP. Since CUP by definition lacks a primary site 
there is no gold standard to compare diagnostic results to, except when an 
autopsy is performed and a primary is found.  

High troughput molecular technologies have in more recent times offered 
insight on the transcriptome of several human tumor types, enabling classifi-
cation of solid tumors based on their expression profiles[73]. By applying 
this biological classification strategy 78-85% of solid tumors can be assigned 
a tissue of origin[64]. Several assays have been developed to aid diagnostics 
in the case of CUP; CancerTYPEID (Bio Theranostics, San Diego, CA) is a 



 21 

92-gene reverse transcription polymerase chain reaction assay that recogniz-
es 26 tumor types[74, 75] and miRview (Rosetta Genomics, Princton, NJ) a 
second generation microRNA-based assay that recognizes 42 tumor 
types[76, 77], they were both able to classify CUP cases in 85% of cas-
es[78].   

Prognosis 
The median survival of patients with CUP appears to be 6-9 months[53]. 
There are however a couple of prognostic factors that are of importance. 
Poor prognosis is associated to male sex, involvement of multiple organ sites 
and the pathologic subtype adenocarcinoma. Specific metastatic site also 
seems to matter with axillary and supraclavicular lymph node involvement 
being advantageous and lung, bone, liver, pleura and brain involvement dele-
terious[60]. About 20% of patients belong to a prognostically favorable sub-
set, where specific therapeutic regimes are offered[72], these groups along-
side with the unfavorable subset is listed in table 2. 

Table 2.  Favorable and unfavorable subsets of CUP (Cancer of unknown primary 
site, Pavlidis N, Pentheroudakis G) 

Favorable subset 
Women with papillary carcinoma of the peritoneal cavity 
Women with adenocarcinoma involving the axillary lymph nodes 
Poorly differentiated carcinoma with midline distribution 
Poorly differentiated neuroendocrine carcinoma 
Squamous-cell carcinoma involving cervical lymph nodes 
Adenocarcinoma with a colon-cancer profile (CK20+, CK7–, CDX2+) 
Men with blastic bone metastases and elevated prostate-specific antigen (ade-
nocarcinoma) 
Isolated inguinal adenopathy (squamous carcinoma) 
Patients with one small, potentially resectable tumour 
Unfavorable subset 
Adenocarcinoma metastatic to the liver or other organs 
Non-papillary malignant ascites (adenocarcinoma) 
Multiple cerebral metastases (adenocarcinoma or squamous carcinoma) 
Several lung or pleural metastases (adenocarcinoma) 
Multiple metastatic lytic bone disease (adenocarcinoma) 
Squamous-cell carcinoma of the abdominopelvic cavity 

Treatment 
The treatment of CUP should always be planned according to subset. Some 
examples are poorly differentiated carcinoma with midline distribution that 
is treated as poor prognosis germ cell tumors, using platinum-based chemo-
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therapy achieving 10-15% long term disease free survivors; women with 
papillary adenocarcinoma of the peritoneal cavity treated with surgical cy-
toreduction and cisplatin-based achieving a median long-term survival of 11-
24%; and women with adenocarcinoma involving only axillary lymph nodes 
treated according to guidelines for stage III breast cancer achieving a 10 year 
survival of 60%[53]. Patients who do not belong to a favorable subset seem 
to benefit from a treatment consisting of platinum-based therapy either with, 
or without combination with a taxane containing compound [53, 79, 80].     
  



 23 

Present investigation  

Aim 
The main objective of this thesis was to explore protein expression in human 
normal tissue and in cancer integrating both transcriptomic and proteomic 
data and to apply that information in biomarker discovery. 

The specific aims for each study were: 

Paper I: To investigate the prognostic significance of RNA-binding motif 
protein 3 (RBM3) in malignant melanoma in 226 incident cases from the 
prospective population-based cohort study Malmö Diet and Cancer Study 
using tissue microarray technique (TMA).    

Paper II: Provides an overview to the tissue dictionary created by the Human 
Protein Atlas intended as an introduction to human histology and histo-
pathology to facilitate clinical cancer biomarker studies.    

Paper III:  To evaluate the diagnostic performance of several antibodies 
commonly used for cancer differential diagnostics in a predominantly meta-
static, multicancer cohort. 

Paper IV: To develop a diagnostic algorithm to differentiate between breast, 
ovarian, endometrial and cervical cancer using a minimum of IHC markers. 

Paper V: To define the transcriptomic and proteomic landscape of the human 
adrenal gland and to identify its uniquely expressed genes.   

Material and Methods 
Patient Cohorts  
In Paper I, the patient cohort is derived from the Malmö Diet and Cancer 
Study (MDCS). MDCS is a prospective population-based cohort study in-
cluding 17 035 women and 11 063 to a total of 28 098 individuals aged 44-
74 years during the recruitment period between 1991-1996. The objective of 
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the study is to investigate the impact of dietary habits on cancer incidence 
and mortality. All participants took part in a baseline investigation including 
dietary assessment, a self administered questionnaire, anthropometric meas-
uring and collection of blood samples for storage in a bio-bank[81, 82].  
Until the end of follow-up by 31 of December 2008, 264 incident cases of 
malignant melanoma had been identified in the study group from the Swe-
dish Cancer registry, these individuals form the patient cohort in Paper I[83].  

Methodological considerations 
Tissue microarrays  
After being described by Kononen et. al in 1998[84, 85] the tissue microar-
ray (TMA) technique has revolutionized proteomics by enabling analysis 
and determination statistical significance of molecular targets in thousands 
of tissue samples in parallel in one single experiment. In brief, regions with 
cells of interest are identified and marked on glass slides from full section 
tissue samples stained with hematoxyling and eosin (HE). Tissue cores (cy-
lindrical biopsies of e.g. 1 mm in diameter), are then taken from the repre-
sentative areas of corresponding formalin fixed paraffin embedded (FFPE) 
donor block. The tissue core is placed into an empty paraffin block with pre-
punched holes (recipient block) [86]. This is the repeated for the next tissue 
sample until the recipient block is full. More than 200 hundred serial sec-
tions can then be cut from the recipient block and be immunostained for 
parallel molecular analysis (Figure 4). The technique has the advantage of 
increasing the speed of molecular analysis at the same time as it only re-
quires small amount of tumor tissue and saves regents. Disadvantages in-
clude loss of detection of tissue samples heterogeneity and overall tissue 
architecture.    

 

 
Figure 4. TMA technique: A) Multiple tissue blocks are collected (donor blocks). B) 
Tissue cores are taken from the areas of interest from the donor blocks and are as-
sembled into a recipient block. C) The recipient block is then sectioned and D) 
stained using immunohistochemistry.	
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Antibodies 
Antibodies, or immunoglobulins (Ig), are proteins produced by plasma cells 
(differentiated B-cells) as a part of the body’s adaptive immune system. All 
antibodies have the same general structure and are composed of two paired 
heavy and light polypeptide chains. The heavy chains are covalently linked 
to each other as well as to a light chain. Further more the antibody is divided 
into one variable and one constant region (Figure 5). The variable region is 
responsible for antigen recognition and the constant region interacts with 
effector cells and molecules[87].  There are five classes of immunoglobulin, 
IgM, IgD, IgG, IgA and IgE classified based on the structure of the heavy 
chain.  

The variable region of the antibody gives it its unique antigen binding prop-
erties and makes it suitable for utilization as an affinity reagent for protein 
detection in various immunoassays. Depending on the method of production 
different types of antibodies are produced. Polyclonal antibodies (pAbs) are 
produced through immunization of animals with purified protein. The puri-
fied protein will present numerous different epitopes that are detected by the 
animals lymphocytes which, when activated, will proliferate and differenti-
ate into plasma cells. When serum is harvested from the animal it will con-
tain antibodies that all are specific for the introduced purified protein but 
derived from different plasma cell clones and therefore specific for different 
epitopes of that protein[88]. Monoclonal Antibodies (mAbs) by contrast are 
derived from one single B-cell clone. They are produced by the fusion of B-
cells with myeloma cells producing immortal hybridomas as first described 
by Köhler and Milsten in 1975[89]. 

Advantages of pAbs are their ability to recognize several different epitopes 
of the same protein. This makes them suitable for cross platform assays as 
the chances are high that they will recognize proteins both in their folded and 
denatured form. pAbs are however usually of low concentration and lack 
reproducibility upon immunization with the same antigen and often show 
cross reactivity with other antigens then the intended one [90]. mAbs on the 
other side are sensitive to conformational changes of proteins and initially 
take longer than pAbs to produce, but are at the same time produced at high-
er concentrations and the hybridomas can produce infinite identical 
mAbs[88]. 
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Figure 5. The general structure of an antibody. An antibody consists of two covalent-
ly linked heavy chains and two light chains that are covalently linked to one heavy 
chain each. Both heavy and light chains have a constant region that is similar for all 
antibodies and an epitope recognizing variable region. 

Immunohistochemistry 
In 1941 Albert H. Coons described a technique for antigen detection and 
visualization using fluorescence labeled antibodies and were in 1942 able to 
demonstrate presence of pneumococcal antigen in tissue of pneumococcus 
infected mice using fluorescein isocyanate labeled antibodies[91].  

Immunohistochemistry (IHC) utilizes the antigen specific binding capacity 
of antibodies for in situ detection of proteins. In general antibodies directed 
towards a specific antigen (primary antibodies) are used for the actual detec-
tion of its antigen. The primary antibodies are then detected and visualized 
by color tagged secondary antibodies specific for the Fc region of the prima-
ry antibody. The use of secondary antibodies for visualization offers signal 
amplification but increases the chances of off target staining. In all studies 
included in this thesis secondary antibodies were labeled with horseradish 
peroxidase (HRP) and its substrate diaminobenziden (DAB) was used for 
visualization[86] (Figure 6).  
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Figure 6. .  Principles of IHC. A primary antibody binds to its antigen and is detect-
ed by the application of a color labeled secondary antibody. In this example the 
secondary antibody is labeled by horse-radish peroxidase (HRP)- polymer reacting 
with diaminobenzidine (DAB) to yield a brown precipitate. 

RNA sequencing 
RNA sequencing (RNAseq) allows for quantitative or qualitative measure-
ment of total RNA in a tissue sample as well as detection of gene fusion 
products and splice variants[92]. In brief, the RNAseq workflow consists of 
the following steps (Figure 7): In the experimental design decision has to be 
made if the scientific question is of predominantly qualitative (determination 
of expressed transcripts, identification of exon/intron boundaries, transcrip-
tional poly-A sites and transcriptional start sites) or quantitative (alternative 
splicing, alternative transcriptional start sites, alternative polyadenylation 
and measurements of differences in expression in different biological sam-
ples) nature. Next follows the RNA preparation where RNA is isolated and 
purified. This also involves target enrichment where different techniques are 
used to select the classes of RNA that is desired for the experiment. After 
purification the RNA extract usually consists of >80% of ribosomal RNA 
(rRNA)[93] which usually is of no interest for the experiment. Different 
methods are available for extraction to enrich  for specific classes of RNA. 
As most RNA-Seq platforms only are able to relatively short sequence reads 
of about 40-400bp the RNA is fragmented using either enzymatic, heat, met-
al ion or sonication fragmentation. Library Preparation includes conversion 
of RNA to complementary DNA (cDNA) using reverse transcriptase (RT) 
and DNA polymerase as well as the addition of sequence adaptors. Sequence 
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adaptors that are always required are amplification elements for clonal am-
plification and attachment of cDNA and primary sequencing priming sites 
for priming the sequencing reaction. Additional elements may be present, 
e.g. barcodes for multiplexing and second sequence priming site for paired 
end sequencing.  The actual sequencing is when the sequence of the included 
RNA transcripts is determined. In Illumina Sequencing (used in Paper III) 
the cDNA sequence is determined by synthesis and detects fluorescently 
labeled single bases as they are incorporated into growing DNA strands. The 
generated data is then analyzed through either de novo assembly of tran-
scripts or alignment to reference genomes or transcriptomes. The transcripts 
are further annotated and quantified.  

 
 

 
Figure 7. Brief overview of RNA-seq workflow. 

Component parts of thesis 
Paper I   
 
Objective 
In paper I the prognostic significance of RNA-binding motif protein 3 
(RBM3) in malignant melanoma was investigated in 264 incident cases of 
primary malignant melanoma in the Malmö Diet and Cancer Study. 
 
Methods 
Tumor material from 226 patients with primary malignant melanoma were 
assembled into TMAs and immunostained for RBM3. The expression pat-
tern was manually annotated. Statistical analysis was performed using SPSS 
version 17 (SPSS Inc, Chicago, IL). 
 
Results and discussion 
Assessment of RBM3 expression was possible in 215 out of 226 patient 
primary tumor samples, included were also 31 metastases from the patient 
cohort. The predominant expression pattern of RBM3 was nuclear. Only the 
intensity of staining was taken into consideration in the statistical analysis, 
as RBM3 was either detected in a high fraction of all cancer cells or not at 
all. Survival analyses disclosed a higher over all survival (p<0.001) and re-
currence free survival (p=0.020) for patients with tumors with high RBM3 
expression. When compared with known clinical prognostic factors there 
was an inverse association between nuclear RBM3 expression and ulcera-
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tion, mitotic count, depth of invasion, Clark level and clinical stage. Analysis 
revealed a higher expression of RBM3 in primary tumors as compared to 
metastasis.  In a multivariate analysis RBM3 was an independent predictor 
of over all survival but not for recurrence free survival. This study opens up 
for the potential use of RBM3 as a prognostic marker for malignant mela-
noma that potentially can be used for treatment stratification, this will how-
ever have to be pursued in future studies.   

Paper II 
 
Objective 
To present a tissue dictionary, based on microscopic images, created by the 
Human Protein Atlas aimed to facilitate the interpretation and use of the 
image based data presented in the Human Protein Atlas portal and function 
as an introduction to human histology and histopathology for students and 
researchers in the clinical cancer biomarker study field. The dictionary com-
prises three main parts; cancer tissues, normal tissue, and cells. 
 
Material and methods 
The tissue atlas includes representative images from 45 normal tissue types, 
20 different cancer types and 18 subcellular structures. HE stained tissue 
sections from both normal and cancer tissue were scanned at 40x magnifica-
tion and shown at three different levels of magnification. Explicatory labels 
were added to the images highlighting structures of importance. All images 
were accompanied by supporting text providing background information and 
description of either normal tissue histology, cancer histopathology or cell 
morphology.  
 
Results and discussion    
The Human Protein Atlas projects aims to generate an IHC based map with 
annotated protein expression patterns in human normal tissue and cancer 
tissue for all protein coding genes. Essential for interpretation of the IHC 
based images presented by the Human Protein Atlas is a fundamental 
knowledge of basic histology and histopathology. The tissue dictionary is 
made freely available through the Human Protein Atlas portal and is de-
signed as an aid to help interpret protein expression patterns and facilitate 
biomarker studies.  
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Paper III 
 
Objective 
The diagnostic performance of several commonly used antibodies was exam-
ined in a predominantly metastatic, multicancer cohort. A cancer diagnosis 
can be a complex process with difficulties of establishing tumor type in lo-
calized disease or organ of origin for generalized disease. As cancer treat-
ment decisions are based on knowledge of cancer type establishment of a 
correct diagnosis is of uttermost importance. Immunohistochemically assist-
ed diagnosis of cancer is common practice among pathologists where its 
application combined with known protein expression profiles of different 
cancer types can strengthen or help dismiss a suspected diagnosis. 
 
Method 
A TMA was constructed compromising 940 tumor samples, of which 502 
were metastatic lesions representing cancers from 18 different organs and 
four non-localized cancer types and was further evaluated by immunohisto-
chemistry staining with 27 well-established antibodies used in clinical dif-
ferential diagnostics. 
 
Results and discussion 
Overall these 27 diagnostic markers showed a low sensitivity and specificity 
for its intended use, highlighting the need for novel, more specific markers. 
Exceptions were the two well-known and clinically accepted markers TG for 
thyroid carcinomas and PSA for prostate cancer showing a sensitivity and 
specificity for their intended use of close to 100%. As the TMA used in this 
study was composed of predominantly metastatic material from multiple 
organ sites we aimed to present results that can assist pathologists using IHC 
assisted diagnostics routinely in clinical practice. 

Paper IV 
 
Objective 
Breast, ovarian, endometrial and ovarian cancers affect predominantly wom-
en. Differential diagnostics between these cancer types can be challenging, 
they are to a varying degree positive for the estrogen receptor and are with 
the exception for breast cancer all localized to the pelvic region, In paper IV 
an algorithm, based on six different IHC markers, to differentiate between 
these cancer types is presented. A new diagnostic marker for breast cancer, 
namely ZAG is also introduced.  
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Method  
A total of 940 formalin fixed paraffin embedded tumor specimens, consist-
ing of 438 primary tumors and 502 metastases were selected for the con-
struction of a tissue microarray (TMA). Tissue sections were immunohisto-
chemically stained using 43 different primary antibodies, both well known 
diagnostic markers as well as novel candidate markers. By the implementa-
tion of a decision tree six markers were selected for best possible differential 
diagnostic power to discriminate between breast, ovarian, endometrial and 
cervical cancer. Another 452 cancer samples of these cancer types were ana-
lyzed using the same marker panel. The tumor samples were further strati-
fied for estrogen receptor (ER) status and analyzed separately.   
 
Results and discussion 
By the implementation of a decision tree we were able to define a six marker 
panel, WT1, ZAG, VIM, CK5, GATA3, PAX8, through which it was possi-
ble to differentiate between breast, ovarian, endometrial and cervical cancer 
with an accuracy 80%. ER-stratification did not improve the classification 
performance in this study. The results suggest that this panel could be used 
in a clinical setting to achieve a more accurate diagnosis and thus provide a 
basis for further prospective clinical studies. The classifier did however vary 
considerably between the different cancer types, with a high sensitivity 
(91%) and specificity (97%) for breast cancer and low sensitivity (74%) and 
specificity (91%) for ovarian cancer.  

Several combinations of these markers were allowed to define one single 
cancer type, and sensitivity and specificity was presented for each combina-
tion of markers. In clinical pathology panels of markers are commonly used 
to establish diagnosis, still, most studies on diagnostic performance of cancer 
markers only present results on single marker performance. By taking both 
frequency of positivity and negativity of the markers included in the panel 
into consideration we were able to improve specificity numbers significant-
ly. We were also able to investigate which markers were informative or not. 
In the diagnosis of breast cancer, the ovarian cancer marker WT1 is not in-
formative (it can be either positive or negative) as long as GATA3 and/or 
ZAG is positive and PAX8 and VIM are negative. This is of importance in 
CUP cases where both ovarian and breast cancer cases are considered as 
diagnostic alternatives. A major weakness in the implementation of the deci-
sion tree to select optimal markers for the panel was that it defined 40 differ-
ent combinations of these six selected markers to define the four cancers of 
interest. Some of these combinations were supported by a very low number 
of cases, making them essentially useless for clinical practice. We were 
however able to present 8 combinations of markers with solid support, yield-
ing high specificity figures, far surpassing any of the single marker perfor-
mances.   
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Paper V 
 
Objective 
The transcriptomic landscape of the adrenal gland is explored with focus on 
genes with elevated expression in the adrenal gland. The adrenal glands are 
small endocrine glands located bilaterally on top of the kidneys. They are 
predominantly involved in the bodies stress response, electrolyte balance and 
to a lesser extent sex hormone synthesis. By exploring what genes are ex-
pressed in a specific organ light is shed on what sets that organ apart, and 
what similarities are shared with others organs. 
 
Methods 
The RNA used for transcriptomic profiling of the normal human adrenal 
gland obtained from three female patients who had undergone surgery for 
adrenocortical adenomas. The mRNA sequencing was performed using Il-
lumina HiSeq2000 and 2500. Seventeen full size sections from normal ad-
renal gland were immunostained with antibodies directed towards proteins 
with elevated expression in the adrenal gland to explore spatial expression in 
tissue with full cortical and medullar representation. 
 
Results and discussion 
In the adrenal gland we were able to detect 253 genes with an elevated pat-
tern of expression in the adrenal gland, as compared to 31 other normal hu-
man tissue types analyzed. Among them were well known genes required for 
the synthesis of corticosteroids and catecholamines, but also a number of 
genes that previously have not been associated with the adrenal gland includ-
ing FERMD5 and NOV. A number of genes could also be localized to dif-
ferent compartments of the adrenal gland; PNMT and NPY were only ex-
pressed in subsets of all the cells in the adrenal medulla; NOV was only ex-
pressed in the zona glomerulosa of the adrenal cortex and GSTA3 only in the 
zona reticularis. This combination of a transcriptomic and immunohisto-
chemical approach may provide a foundation for a deeper understanding of 
the adrenal glands function and physiology.  As organs are composed of 
several tissues the transcriptome of an organ will be representative of many 
cell types combined. By combining a transcriptomic approach with a im-
munohistochemistry based proteomic approach higher resolution is achieved 
by visualization of protein expression on a cellular and subcellular level. 
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Concluding Remarks and further perspectives  

With an increasing cancer burden worldwide there is a need for new prog-
nostic and predictive tools for patient stratification and diagnostic tools to 
ensure best quality of care and early diagnostics if possible.  
 
For this doctorial thesis a number of biomarkers for cancer have been tested 
and validated both for diagnostic and prognostic applications.  

In Paper I tumor RBM3 expression was shown to be a prognostic marker for 
over all survival for patients with malignant melanoma. The clinical im-
portance of this remains unclear, but potential applications would be whether 
or not the assessment of RBM3 expression can help select patients whom 
need closer monitoring of their disease even though they are classified as 
low risk patients according to the AJCC classification system. Before sug-
gesting RBM3 for clinical practice or drawing general conclusions regarding 
RBM3s prognostic role its value as a biomarker has to be validated in in 
additional retrospective and prospective patient cohorts. There are also 
methological considerations that have to be resolved. Similar to other IHC 
markers standardized protocols for immunostaining and interpretation of 
results have to be developed before any comparison of value can be done 
between different clinics or research groups. Optimal cut-off for this prog-
nostic marker is yet to be determined and agreed upon. In this paper expres-
sion of RBM was dichotomized into high (strong RBM3 expression) and low 
(negative-moderate RBM3 expression). Other studies investigating the prog-
nostic significance of RBM3 in prostate, esophageal and gastric 
carcinoma[94, 95] have obtained an optimal cut-off for survival using classi-
fication and regression tree (CRT) analysis making comparison between 
studies on different cancer types difficult. Optimal cut-offs for RBM3 as a 
prognostic maker remains to be established in future studies.   

 In Paper III the diagnostic power of a number of commonly used clinical 
markers for differential diagnostics were tested in a multi-cancer cohort. The 
majority of investigated markers lacked in either sensitivity or specificity or 
both. Only a few markers showed high specificity and sensitivity for single 
cancer types highlighting the need for the identification of new more power-
ful markers. In Paper IV a panel of markers was used to increase discrimina-
tive power for differential diagnostics between breast, ovarian, endometrial 
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and cervical cancer.  By the application of multiple markers we were able to 
increase specificity at the expense of sensitivity.  The ideal marker is of 
course one where specificity and sensitivity is high for one single cancer 
type, such as PSA for prostate cancer. The hypothesis postulating that these 
markers exist is based on the belief that just as some extent of morphology 
from the organ of origin is retained in tumor transformation so is protein 
expression.  

The Human Protein Atlas has in a huge effort defined the tissue specific 
transcriptome of 32 human tissues. Comparison of these transcriptomes tells 
us that about 12% of all human genes are expressed at least 5 times higher in 
one single tissue than in any other of the 31 investigated tissues, yielding a 
list of close to 2 000 genes with tissue specific expression. The proteins cor-
responding to these genes are of course of immense interest in the pursuit of 
new diagnostic markers. However, retained tissue specific gene expression 
in cancer transformation seems to be exceedingly rare. To what extent this 
loss of tissue specific gene expression occurs has not been studied before. In 
a forthcoming project we will use an integrated transcriptomic-proteomic 
approach to look at down-regulation of tissue specific genes in cancer. An-
other area of interest in the diagnostic biomarker field would be to investi-
gate the frequency of expression non-homologous expression of tissue spe-
cific genes in cancer. In Paper IV, we described the expression of GATA3 in 
cancers that predominantly effect women. GATA3 is expressed in normal 
breast tissue but it is however not expressed in the uterine cervix, endometri-
um or ovary according to transcriptomic or proteomic data derived from the 
Human Protein Atlas. In our study investigating only protein expression 
GATA3 was detected in 21% of all cervical cancer cases. WT1 is a marker 
for ovarian cancer and was detected in 14% of breast cancer cases and 16% 
of endometrial cancer cases respectively. How often this kind of non-
homologous expression occurs could well be studied using transcriptomic 
studies and would be of value to evaluate the robustness of already estab-
lished as well as emerging clinical markers.     

In paper V the global protein expression profile of the adrenal gland was 
investigated using a combined transcriptomic and proteomic approach. Some 
genes were specifically expressed in sub-compartments of the adrenal cor-
tex, such as NOV in the zona glomerulosa and GSTA3 in zona reticularis. If 
the cell type specificity has any application in the field of clinical pathology 
remains to be determined, but could potentially aid in diagnosing hyper-
trophic condition of the adrenal gland.   
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