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Abstract
Edfeldt, K. 2014. Small Intestinal Neuroendocrine Tumours. Genetic and Epigenetic
Studies and Novel Serum Biomarkers. Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine 975. 51 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-554-8887-1.

Small intestinal neuroendocrine tumours (SI-NETs) are rare, hormone producing and proliferate
slowly. Patients usually display metastases at time of diagnosis, the tumours are difficult to cure,
and the disease course is unpredictable.

The gene expression pattern was investigated in paper I, with emphasis on aggressive disease
and tumour progression. Expression microarrays were performed on 42 tumours. Unsupervised
hierarchal clustering revealed three clusters that were correlated to clinical features, and
expression changes from primary tumour to metastasis. Eight novel genes, ACTG2, GREM2,
REG3A, TUSC2, RUNX1, TGFBR2, TPH1 and CDH6 may be of importance for tumour
progression.

In paper II, expression of ACTG2 was detected in a fraction of SI-NETs, but not in
normal enterochromaffin cells. Inhibition of histone methyltransferase and transfection of
miR-145 induced expression and no effect was seen after DNA methylation or selective EZH2
inhibition in vitro. miR-145 expression was reduced in metastases compared to primary tumours.
Overexpression of ACTG2 inhibited cell growth, and inducing ACTG2 may have therapeutic
effects.

TCEB3C (Elongin A3) is located on chromosome 18 and is imprinted in some tissues. In
paper III a reduced protein expression was detected. The gene was epigenetically repressed by
both DNA and histone methylation in a tumour tissue specific context. The expression was
also induced in primary cell cultures after DNA demethylation and pyrosequencing revealed
promoter region hypermethylation. Overexpression of TCEB3C inhibited cell growth by 50%,
suggesting TCEB3C to be a tumour suppressor gene.

In paper IV, 69 biomarkers were analysed in blood serum using multiplex proximity ligation
assay. Nineteen markers displayed different levels between patients and controls. In an extended
cohort, ELISA analysis showed elevated serum levels of Mindin, DcR3 and TFF3 in patients
and protein expression in tumour cells. High levels of DcR3 and TFF3 were associated with
poor survival, and DcR3 may be a marker for liver metastases. Mindin, DcR3, and TFF3 are
potential novel diagnostic biomarkers for SI-NETs.
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Abbreviations 

ACTG2 Actin, gamma2, smooth muscle enteric 
AKT RAC-α serine-threonine protein kinase  
5-aza-dC 5-aza-2’-deoxycytidine 
Bp base pair 
CDH6 Cadherin 6 
cDNA Complementary DNA  
CgA Chromogranin A 
CNDT2.5 Neuroendocrine cell line 
CpG Cytosine-phosphate-guanine 
DAB 3,3’-diaminobenzidine 
DcR3 Decoy receptor 3 
DNA Deoxyribonucleic acid 
DNMT DNA methyltransferase  
DZNep 3-deazaneplanocin A 
ECM Extracellular matrix 
ELISA Enzyme-linked immunosorbent assay 
EPZ-6438 Specific EZH2 inhibitor 
EZH2 Enhancer of Zeste Homologue 2 
GFP Green fluorescence protein  
GI Gastrointestinal  
GO Gene ontology 
GREM2 Gremlin 2 
H3K27me3 Histone 3 lysine 27 tri-methylation  
HDAC Histone deacetylase 
HEK293T Human embryonic kidney 293 cell line  
5-HIAA 5-hydroxyindoleacetic acid 
miRNA MicroRNA 
mRNA Messenger RNA 
mTOR The mammalian target of rapamycin  
NETs Neuroendocrine tumours 
PCA Principal component analysis 
PCR Polymerase chain reaction 
PLA Proximity ligation assay 
PRC Polycomb repressive complex  
REG3A Regenerating islet-derived 3 alpha  
RNA Ribonucleic acid 



ROC Receiver operating characteristic  
RT-qPCR Real-time quantitative polymerase chain reaction 
RUNX1 Runt-related transcription factor 1 
sHPT-1 Secondary parathyroid cell line 
SI-NETs Small Intestinal Neuroendocrine Tumours 
TCEB3C Transcription elongation factor B, polypeptide 3C 
TFF3 Trefoil factor 3 
TGFBR2 Transforming growth factor-β receptor II 
TNFRSF Tumour necrosis factor superfamily 
TNM Tumour node metastases 
TPH1 Tryptophan hydroxylase 1 
TSS Transcription start site 
TUSC2 Tumour suppressor candidate 2 
VHL Von Hippel Lindau  
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Introduction 

Clinical features of small intestinal neuroendocrine 
tumours 
Neuroendocrine cells are found throughout the body in different organs, such 
as the lung and the gastrointestinal (GI) tract. At least 14 different types of 
neuroendocrine cells exist in the GI-tract and they produce different amines 
and peptides. Enterochromaffin cells are the major neuroendocrine cell type 
of the small intestine which produces serotonin, tachykinins, chromogranin 
A (CgA), prostaglandins, and others (1,2).  

Neuroendocrine tumours (NETs) in the GI-tract arise from the entero-
chromaffin cells and have been called carcinoid tumours. In 1907 the 
pathologist Obendorfer described a small bowel NET and called it “car-
cinoid”, and defined it as less aggressive than adenocarcinoma (3). Previous-
ly GI-NETs were dived according to their embryologic origin into foregut 
(lung, oesophagus, stomach, upper duodenum and pancreas), midgut (lower 
duodenum, jejunum, ileum and proximal colon) and hindgut (from the distal 
transverse colon until anus) carcinoid tumours (4). Today midgut carcinoids 
are named SI-NETs (small intestinal NETs) (excluding appendiceal tu-
mours) and they are the most common NET in the GI-tract. From year 2010, 
the WHO classification system divides small intestinal neuroendocrine neo-
plasms into three grades, according to proliferative activity; Grade 1 neuro-
endocrine tumour (G1, Ki67 <3%), Grade 2 neuroendocrine tumour (G2, 
Ki67 3-20%) and Grade 3 neuroendocrine carcinoma (G3, NEC; Ki67>20%) 
(5). Grade 3 is generally treated as a separate entity since prognosis and 
treatment is fundamentally different from the G1-2 tumours. SI-NETs (G1-
2) are also classified according to the TNM (tumour-node-metastasis) stag-
ing system, which includes invasiveness and metastatic spread (6).  

The annual incidence of SI-NETs is around 1/100.000 but the rate is in-
creasing, probably due to improved diagnostic techniques and higher aware-
ness in the diagnostic phase (7,8). SI-NETs are small (<2cm) and slow grow-
ing (usually Grade 1). The disease course is unpredictable and the overall 
five-year survival rate is approximately 67%. Metastases develop frequently 
in regional lymph nodes and liver, and are often seen at the time of diagnosis 
(in 88% respectively 61%) (9). In advance stages metastases can be found in 
the peritoneum, skeleton and ovaries. More than 25% of the tumours are 
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multifocal and common symptoms are abdominal pain and intermittent bow-
el obstruction (10). 

The tumours produce an excess of above-mentioned amines and peptides 
and these can function as tumour specific markers for disease. An excess of 
secreted serotonin can result in diarrhoea in up to 80% of the patients. Pa-
tients with liver metastases or extensive retroperitoneal lymphatic spread can 
develop the carcinoid syndrome due to excess levels of serotonin (5-
hydroxytryptamine) and tachykinins (11), and may display symptoms such 
as cutaneous flush, diarrhoea, bronchial construction and right-sided heart 
valve fibrosis. Serotonin is derived from the amino acid tryptophan and is 
metabolized in the liver to 5-hydoxyindoleacetic acid (5-HIAA) and excreted 
to the urine where it can be measured. 5-HIAA is a highly specific and sensi-
tive marker but certain food and drugs can affect the secretion (12). CgA 
measured in serum is a sensitive marker for diagnosis but is unspecific since 
it is co-secreted with peptide hormones from neuroendocrine cells from sev-
eral organs. In SI-NETs the level correlates with tumour burden and biologic 
activity in the tumour, and is commonly used to follow recurrence (13–15). 
Increased plasma CgA levels are predictive for shorter survival (16). 

Diagnosis and treatment  
Diagnosis is based on measurements of biochemical markers (e.g. CgA, 5-
HIAA), radiology, radio nuclear imaging, and histological evaluation (CgA, 
synaptophysin and serotonin) (12). Bad prognostic factors at time of diagno-
sis are high levels of 5-HIAA or CgA, multiple liver metastases, old age and 
the carcinoid syndrome (17,18).  

Surgery is today the only potential cure but 60% of radically operated pa-
tients will experience symptom recurrence with elevated biomarkers and/or 
radiological recurrence (12,14). The treatment goal is to improve quality of 
life, while monitoring or alleviating the tumour associated symptoms, and 
increase survival. For symptom relief and stabilize tumour growth patients 
are treated with somatostatin analogues e.g. octreotide, which inhibit seroto-
nin secretion (19,20). Somatostatin regulates neurotransmission and secre-
tion by binding somatostatin receptors. It inhibits the release of multiple 
hormones, including serotonin, by inhibiting exocytosis, and it also inhibits 
the rate of gastric emptying and smooth muscle contraction. Somatostatin 
anti-tumour effects include inducing cell cycle arrest, apoptosis and inhibi-
tion of tumour angiogenesis. The duration of effective treatment varies wide-
ly. Common adverse effects are mild and their occurrence usually diminishes 
with time (21).  

Interferon has an anti-proliferative effect and can reduce tumour size but 
with limited use because of side effects (22). In combination with somatosta-
tin analogues it further reduces the risk of tumour progression (23). Chemo- 
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and radiation-therapy have limited or no effects in SI-NETs. Liver metasta-
ses can be treated with surgical resection, radiofrequency ablation or liver 
embolization. Peptide receptor radionucleotide therapy is a relatively new, 
highly selective (for tumours expressing somatostatin-receptors) treatment 
with a tumour regression rate of up to 50%, with few adverse effects (9).  

The human genome 
The human genome consists of DNA (deoxyribonucleic acid) sequences that 
are built up by nucleotide bases (guanine G, adenine A, thymidine T, cyto-
sine C), arranged in a very specific order (24). 2.85 billion nucleotides cover 
99% of the euchromatic genome. The DNA double helix strand (146 bp) is 
wrapped around two copies of each of the four core histone proteins (H3, 
H4, H2A and H2B) that together form nucleosomes. Nucleosomes are linked 
together by H1 and H5 (linker histones) and form chromatin fibers, which 
tightly packed make up the chromosomes. The human genome consists of 23 
chromosome pairs with one maternal and one paternal allele. All chromo-
somes are stored in every cell nucleus, encoding for about 20,000 protein-
coding genes (25). Genes are transcribed to mRNA (messenger RNA) and 
translated to proteins often in a tissue-specific context.  

Tumourigenesis 
Mutations are aberrations in the DNA sequence that can affect the phenotype 
of the cell. Such DNA sequence changes are insertions, deletions, rear-
rangements, copy number increases (gene amplifications) and copy number 
reductions (26). Aberrant DNA sequences may result in mRNA changes that 
can lead to degradation or changed amino acids that may disturb protein 
function.  
     Tumour development is a multi-step process that acquires mutational 
accumulation. A normal cell is transformed and gain certain traits, which 
include an ability to become self-sufficient in growth signals, insensitive to 
anti-growth signals, evade apoptosis, limitless reproductive potential, stimu-
late angiogenesis and to metastasize. Activation of oncogenes and/or silenc-
ing of tumour suppressor genes contribute to carcinogenesis, helping the cell 
to gain these traits (27). The metastasis process is complex; the cell invades 
the surrounding extracellular matrix (ECM), intravasate into a blood vessel, 
survives in the circulation, extravasate into a distant organ site, and finally 
colonize and proliferate in the foreign environment (28).  
      Genetic aberrations in cancer can be studied with many different tech-
nologies. Studying the DNA/RNA sequences on a genome wide scale can 
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identify individual genes, gene clusters and genetic profiles that may be of 
importance for tumourigenesis (29).  

Molecular aberrations in SI-NETs 
The knowledge of genetic aberrations in SI-NETs is sparse. The most com-
mon event is loss of chromosome 18, which is seen in 43-100% of the tu-
mours, with the majority to that have lost the entire chromosome (30–37). 
Recently, massive parallel exome sequencing revealed that SI-NETs are 
genomic stable cancers with a low mutation rate (30,38). Copy number aber-
rations were found in the PI3K/Akt/mTOR pathway (in 29%); amplifications 
of AKT1, AKT2 and mTOR (the mammalian target of rapamycin) were 
detected (30). Activation of AKT has been suggested in GI-NETs (39). 
Treatment with a mTOR inhibitor (Everolimus) was beneficial to some SI-
NET patients with the carcinoid syndrome (in a phase III clinical trial) (40). 
Novel therapy with angiogenesis inhibitors has been administered to SI-NET 
patients in phase II clinical trails, resulting in some degree of anti-tumour 
response (41,42).  

Exome- and genome-sequence analysis detected CDKN1B (cyclin-
dependent kinase inhibitor 1B, encoding p27) to be recurrently mutated (8% 
displayed frameshift mutations and 14% hemizygous deletion) (43). No mu-
tations in putative tumour suppressor genes located on chromosome 18 have 
been found (31–33). Other less common genetic aberrations are losses of 
chromosome 9, 11 and 16, and gains of chromosomes 4, 5, 14, 19 and 20 
(30–32,34–36). A few expression microarrays have been performed in SI-
NETs, though with a very limited number of tumours included (44–46).  

Epigenetics 
Epigenetics refers to changes in the gene expression without changes in 
DNA sequences. Epigenetic regulation is accomplished by DNA methyla-
tions, histone modifications, non-coding RNAs, and chromatin remodelling 
(Figure 1). Global epigenetic changes are seen in cancer (47,48).  

DNA methylation  
DNA methylation occurs at cytosine residues, primarily within cyto-
sine/guanine dinucleotides, at so-called CpG sites. DNA methylation is 
maintained by DNA methyltransferases (DNMT: 1, 2, 3L, 3a, 3b), where a 
methyl group from S-adenosyl-methionine is transferred to the C-5 position 
of cytosines generating 5-methylcytosine. 70-80% of all CpGs are methylat-
ed in most cell types, excluding germ cells and pre-implantation embryos 
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(49). DNA sequences (>200 bp) with a high density of CG (>50%) are called 
CpG islands, which frequently are located in the promoter region of genes, 
and are normally hypomethylated. Methylation status in regions up to 2 kb 
distant from gene promoters, named CpG islands shores, are also correlated 
to gene expression. Repetitive DNA sequences are often methylated proba-
bly to prevent chromosomal instability (50).  
     In cancer, hypermethylation have occurred at promoters of tumour sup-
pressor genes and other genes that are located within CpG islands. This can 
cause stable gene silencing by recruitment of methyl-CpG binding domain 
proteins. Methylation of growth-controlling genes often occurs early in the 
multi-step process of tumour formation (47). Global hypomethylation in 
gene bodies and intergenic regions can lead to genomic instability (51). Ge-
nome wide DNA methylation arrays are commercially available, and differ-
ent methylation pattern between primary tumours and metastases has been 
detected in SI-NETs (52). Epigenetic and genetic changes are interconnect-
ed. Tumour cells can have obtained a genetic mutation in one allele while 
the other allele is hypermethylated, leading to functional inactivation 
(53,54), and epigenetic changes can predispose mutations during tumour 
progression (55).  

Histone modifications 
Histone modifications; methylation, acetylation, phosphorylation, ubiquiti-
nylation and sumoylation, occurs in the N-terminal tails and can effect gene 
transcription by e.g. affecting the chromatin state. Euchromatin (open chro-
matin structure) is associated with transcription and heterochromatin (tightly 
packed chromatin) with repressed transcription. Integration of all histone 
modifications constitutes the “histone code”. Variants of core histone pro-
teins (H3.3 and H2A.Z) can influence the stability of nucleosome occupan-
cy. Most active genes have trimethylation of histone 3 at lysine 4 
(H3K4me3) and nucleosome-depleted regions just upstream of the transcrip-
tion start site (TSS), together with acetylated histones, hypomethylated DNA 
and a euchromatin state. Silenced genes are often correlated with a hetero-
chromatin state, nucleosomes positioned over the TSS, DNA methylation, 
deacetylated histones and methylation of the histone 3 at lysine 9 (H3K9me)  
(Figure 1) (56,57).  

Polycomb group proteins mediate gene silencing through histone modifi-
cations. Two main Polycomb repressive complexes exist; PRC1 and PRC2. 
PRC2 may recruit other polycomb complexes, DNMTs and histone deacety-
lases (HDACs), leading to additional repressive marks and chromatin com-
paction. Enhancer of Zeste Homologue 2 (EZH2) is the active subunit of 
PRC2, which mediates the repressive mark histone 3 lysine 27 tri-
methylation (H3K27me3) (Figure 1) (58,59).  
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     In cancer cells histone methyltransferases and demethylases are deregu-
lated, and overexpression of HDACs are seen. Global loss of acetylation of 
lysine 16 and methylation of lysine 20 at histone 4 (H4K16ac and 
H4K20me) (60), together with an increased expression of EZH2 are com-
mon, leading to inhibition of gene expression. High levels of EZH2 is related 
to poor prognosis, metastases, chemotherapy resistance and tumour aggres-
siveness (51,58,61,62). DNA methylation, histone modifications and nucleo-
somal remodelling are closely connected (Figure 1), and alterations in these 
processes can result in silencing of cancer-related genes (57,63–65).  

microRNAs 
microRNAs (miRNAs) are small RNAs, around 19-25 nucleotides, and bind 
complementary to and mark target mRNA for degradation or inhibit transla-
tion by de-capping and deadenylation. More than thousands miRNA have 
been discovered and one miRNA can regulate many different mRNAs. 
miRNAs are involved in multiple cellular processes and can be deregulated 
in cancer, and act both as onco- and tumour suppressor genes. Changes in 
miRNA expression in cancer may be explained by mutations in miRNA 
coding genes, by the locations in regions of chromosomal instability and in 
cancer-associated regions or fragile sites (66). Many miRNAs are located in 
CpG islands and aberrantly methylated in tumours, thus controlled by epige-
netic mechanisms (67–71). miRNAs have been linked to clinical outcome 
and is suggested to function as diagnostic and prognostic markers, and are 
also interesting drug targets (72,73). Expression of miR-183 has been sug-
gested to be up-regulated during tumour progression and miR-133a to be 
down-regulated in SI-NETs (74,75).  
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Figure 1. Epigenetic mechanisms in a normal human cell showing DNA methyla-
tions, histone modifications, chromatin structure and small RNAs. HP1, hetero-
chromatin protein 1. Figure adapted from reference (76).  
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Imprinting  
Imprinted genes display an allele specific expression pattern due to inherited 
parental epigenetic regulation, predominantly by DNA methylation. Imprint-
ed genes are often located in clusters and show tissue-specific imprinting. 
Imprinted gene products often regulate cell proliferation and loss of their 
imprinted state may promote or suppress tumourigenesis (77,78).  

Epigenetic therapeutics 
Modifications of DNA and histones are reversible, making them good targets 
for therapeutic intervention, and new drugs have been developed. Small-
molecule inhibitors to DNMTs, i.e. nucleoside analogues (azacytidine and 5-
aza-2’-deoxycytidine (5-aza-dC)), are in clinical use for cancer treatment. 
DNMT inhibition is leading to a global demethylation in dividing cells by 
trapping DNMTs on DNA, preventing methylation at other genomic loci. 
Removal of the drug reverses the DNA methylation status suggesting a con-
tinual need for DNMT inhibition (51,79). Azacytidine inhibited cell prolifer-
ation and reduced CgA levels in SI-NET cells in vitro (80).  

Histone deacetylase inhibitors (suberoyl anilide hydroxamic acid (SAHA) 
and romidepsin) are in clinical use for cancer treatment (79). Selective inhib-
itors have been developed (HDAC6 and HDAC8), which increase specificity 
and the possibility to personalized medicine (81,82).  

3-deazaneplanocin A (DZNep) is a promising global histone methylation 
inhibitor in preclinical trials causing anti-tumour effects. The drug depletes 
cellular levels of PRC2 components (EZH2, EED and SUZ12) (83–86). A 
selective inhibitor of EZH2 (EPZ-6438) have been developed that reduces 
H3K27me3 and tumour growth in vivo (87).  

Due to multiple epigenetic deregulations in cancer cells, combined epige-
netic therapies have been suggested (84,88), and also a combination with 
cytotoxic drugs. DNMT inhibition can reverse DNA methylation and acti-
vate genes that affect chemotherapy resistance (51,58).  

ACTG2 and miR-145 
Actin proteins are involved in internal mechanical support and drive cell 
movements (89). Actin gamma smooth muscle 2, enteric (ACTG2) is nor-
mally found in enteric tissue and the gene is aberrantly expressed in multiple 
cancers (90–92). High levels have been associated with improved disease-
free survival (91,93–95), with a more aggressive phenotype (91,92) and 
ACTG2 can affect chemotherapy sensitivity (96–98).  

miR-145 regulates multiple genes, including ACTG2 in a positive manner 
(95,99). miR-145 is deregulated in multiple cancers (91,93–95) and located 
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in a region often deleted (66). It has been suggested to be a candidate for 
therapeutic intervention in colon and bladder cancer (100,101). Overexpres-
sion of miR-145 inhibited cell growth, cell invasion and induced apoptosis 
(99,102). In SI-NETs a reduction of miR-145 levels was seen with tumour 
progression (75).  

TCEB3C (Elongin A3) 
Elongin is one of many elongation factors that stimulate the rate of transcrip-
tion by RNA polymerase II. The Elongin complex consists of the active sub-
unit A and the positive regulatory units Elongin B (TCEB2) and Elongin C 
(TCEB1). It was of interest to study a potential role of TCEB3C, encoding 
Elongin A3, in SI-NETs because it was the only known imprinted gene on 
chromosome 18 (http://www.geneimprint.com) (103,104). Elongin A 
(TCEB3) and A3 are expressed in multiple tissues in the body, whereas 
Elongin A2 (TCEB3B) is specifically expressed in the testis. Elongin A3 is 
49 and 81% identical with Elongin A and A2 respectively, and can also form 
a stable complex with Elongin BC (105). The Elongin ABC complex is in-
volved in protein degradation (106). Elongin BC complex can bind to VHL 
(von Hippel Lindau) protein (107). Normally the complex VHL-Elongin BC 
binds different proteins (HIF1, VEGF, PDGF-B and GLUT1) and promotes 
ubiquitination and proteosomal degradation. The tumour suppressor gene 
VHL is mutated in a majority of the heritable VHL disease (causing tu-
mours; clear cell renal carcinomas, cerebellar hemangioblastomas, pheo-
chromocytomas etc.) and sporadic clear cell renal carcinomas, which de-
crease the binding ability to Elongin BC, which promotes tumourigenesis 
(108). There is a lack of knowledge about Elongin A3 function, although it 
can bind to Elongin BC and may be involved in protein degradation.    

Mindin 
Mindin (Spondin 2) belongs to the F-spondin family and is a highly con-
served, secreted, ECM protein with multiple functions. It promotes immune 
responses, axonal development and is an integrin ligand (109,110). A differ-
ential expression of Mindin has been detected in ovarian, prostate and lung 
cancers. It is suggested to be a novel biomarker in serum (111–113), to pre-
dict short-time survival and time to progression (114). Antibody based radio-
therapy of prostate cancer in mice xenografts resulted in tumour growth in-
hibition (115). 
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Decoy receptor 3 
Decoy receptor 3 (DcR3/TNFRSF6B) belongs to the tumour necrosis factor 
receptor superfamily (TNFRSF). DcR3 is an immunomodulator and can 
neutralize the effects of three members of TNFSF: FasL, LIGHT, and TL1A. 
DcR3 is therefore involved in inhibiting apoptosis, cell survival, prolifera-
tion and inhibiting anti-cancer activity through the immune system 
(116,117). DcR3 is elevated in multiple cancers, often with an increase in 
gene copy number (118–123), and high levels are correlated to poor progno-
sis, metastatic disease, progression (124) and chemotherapy resistance (125). 
Reduced levels increased FasL-induced apoptosis (126). Knockdown of 
DcR3 inhibited growth in vivo and was suggested to be a potential therapeu-
tic target in pancreatic carcinoma (117,127).  

Trefoil factor 3 
Trefoil factors are produced in multiple tissues and prominently in the gas-
trointestinal epithelium. They are involved in mucosal regeneration and re-
pair, and are overexpressed in various cancer types. Trefoil factor 3 (TFF3) 
is produced in the goblet cells in the small intestine and colon (128). TFF3 is 
involved in chemotherapy resistance and an upregulation is associated with 
lymph node metastases, advanced stage and shorter survival (129,130). 
TFF1 and TFF3 are suggested to recognize circulating cancer cells (CTCs) 
in metastatic breast cancer (131). No point mutations have been found in 
colorectal carcinoma (132), and overexpression together with DNA hypo-
methylation in the promoter region is seen in multiple cancer (133,134), thus 
TFF3 is suggested to be epigenetically regulated. In SI-NETs TFF1 protein 
has been detected in 55% of the tumours and also in other neuroendocrine 
tumours (135).  
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Aims of the study 

The overall aim was to study genetic and epigenetic aberrations in SI-NETs, 
to identify disease mechanisms, to find possible therapeutic targets and novel 
biomarkers.  

 
 

The specific aims of the study were: 
 

 
Paper I.  To clarify the gene expression pattern in SI-NETs, with emphasis 
on aggressive course of disease and tumour progression. 
 
 
Paper II. To study ACTG2 expression, function and epigenetic regulation in 
SI-NETs.  
 
 
Paper III. To investigate the role of TCEB3C (Elongin A3) as a novel tu-
mour suppressor gene in SI-NETs and its regulation through epigenetic 
events.  
 
 
Paper IV. To identify novel serum biomarkers for diagnosis and prognosis 
in SI-NETs.  
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Materials and Methods 

The following is a brief summary of the materials and methods used in this 
thesis, a detailed description is found in the individual papers.  

Tissue specimens 
SI-NETs were obtained from patients diagnosed and operated on at the De-
partment of Surgery at Uppsala University hospital. The tumours were snap 
frozen or paraffin embedded and cryo- or paraffin sections were used in the 
analyses. Informed consent was obtained from all patients, and approval of 
ethics committee was achieved.    

DNA/RNA preparations  
Total RNA (paper I) and miRNA (paper II) were extracted using Trizol Rea-
gent (Invitrogen) according to manufacturer’s instructions. In paper II and III 
total RNA was extracted using AllPrep DNA/RNA kit (Qiagen). For 
DNA/RNA preparations all sections were stained with Mayer’s hematoxylin 
and histopathologically evaluated. When needed, the tumours were macro-
scopically resected from excessive stromal tissue, blood vessels, bowel mu-
cosa, lymphoid, or liver tissue. The tissues contained at least 80%, and in 
most cases 90%, of neoplastic cells.      

Quantitative RT-PCR 
Reverse transcription of total DNA-free RNA (paper I, II and III) was per-
formed with random hexamer primers using “First strand cDNA Synthesis 
kit” according to manufacturer’s instructions (Fermentas). RT-qPCR reac-
tion was performed on step 1 RT-PCR system (Applied Biosystems). In 
addition to cDNA, all PCR reactions contained gene assay and TaqMan 
Gene Expression Master Mix (Applied Biosystems). All samples were am-
plified in triplicates, and non-template controls were included. Each sam-
ple’s mean threshold value was corrected for the corresponding mean value 
for GAPDH mRNA, used as internal control. ACTG2 (paper I and II), 
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GREM2, REG3A, TUSC2, RUNX1, TGFBR2, TPH1, CDH6 (paper I) and 
TCEB3C (paper III) TaqMan assays were used for step 1 RT-PCR system. In 
paper II, miR-145 TaqMan assay was used and RNU48 was used as internal 
control. The results were analysed on StepOnePlusTM Real-Time PCR sys-
tems (Applied Biosystems).  

Gene copy number analysis 
Gene copy number analysis (paper III) was performed on genomic DNA 
using duplex quantitative real-time PCRs. A FAM dye-labelled probe for 
TCEB3C and a VIC dye-labelled probe for reference gene (RNaseP or 
TERT) detection were used. Two different assays were used for measure-
ments of TCEB3C; CCFARJL and CCD1TDD (Applied Biosystems). Four 
replicates of each sample were run, using 20 ng DNA per well. DNA from 
placenta and blood from a healthy individual were used as calibrators. The 
data analysis was performed in CopyCaller software (Applied Biosystems).  

Immunohistochemistry 
Immunohistochemistry was performed in paper II, III and IV. Paraffin em-
bedded tumour tissue sections (5 µm) were passed through the descend alco-
hol concentrations and distilled water. Background staining was blocked 
with 3% hydrogen peroxide and heated in citrate buffer. The tissues were 
treated with normal serum. A primary antibody was added followed by a 
biotinylated secondary antibody. The tissues were then treated with ABC 
complex. Visualization was done with DAB (3,3’-diaminobenzidine) colour 
reagent. When available the specificity of the antibody was verified using a 
blocking peptide. In paper II rabbit polyclonal anti-ACTG2 antibodies 
(NB100-91649 Novus Biologicals and TA313418 Origene) and mouse mon-
oclonal anti-CgA antibody (Ab-1, LK2H10, NeoMarkers) were used. In 
paper III rabbit polyclonal anti-TCEB3C antibodies (Abcam, ab69873), pep-
tide rabbit polyclonal anti-Elongin A3 antibody (Santa Cruz, sc-84811) and 
mouse monoclonal anti-CgA antibody (Ab-1, LK2H10, NeoMarkers) were 
used and also a blocking peptide (sc-84811P). In paper IV the following 
mouse monoclonal antibodies were used: Mindin (sc376562), anti-TFF3 
(SAB1404464 Sigma Aldrich) and anti- TNFRSF6B (WH0008771M2 Sig-
ma Aldrich). 
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Immunofluorescence  
Double immunofluorescent staining was performed in paper II. Paraffin-
embedded sections were deparaffinized, hydrated and subjected to pre-
treatment (microwave heating for 10 min at 800 W, followed by 20 min at 
450 W in citrate buffer, pH 6.0). The sections were blocked with normal 
serum before incubation with primary antibody anti-chromogranin A (Ab-1, 
LK2H10, NeoMarkers) followed by secondary antibody Alexa Fluor 488 
goat anti-mouse. Then incubation with the next primary antibody anti-
ACTG2 (NB100-91649 Novus Biologicals) was followed by the secondary 
antibody were Alexa Fluor 594 goat anti-rabbit (Life Technologies). The 
sections were mounted with Vectashield with DAPI (Vector Laboratories 
Inc.) and evaluated under light microscope.  

Western blotting   
Western blotting analyses (paper II and III) were done on protein extracts 
prepared in Cytobuster Protein Extract Reagent (Novagen Inc.) with Com-
plete protease inhibitor cocktail (Roche Diagnostics GmbH). Primary 
DNMT1 (ab-16632-100), rabbit polyclonal TCEB3C (sc-84811), goat poly-
clonal actin (sc-1616), rabbit polyclonal anti-actin gamma2 (NB100-91649) 
and anti-DDK (TA50011, Origene) antibodies were used. After incubation 
with the appropriate secondary antibodies, bands were visualized using the 
enhanced chemiluminescence system (GE Healthcare Europe GmbH).    

Gene expression array and analysis  
In paper I extracted RNA was submitted to gene expression microarrays 
using Genome Oligo Set containing 24,650 genes and 37,123 gene tran-
scripts. The arrays were printed with a QArray2 (Genetix, Hampshire, UK) 
instrument with 48 K2805 pins (Genetix) on Ultra GAPS slides (Corning, 
Lowell, MA, USA). Tumour samples were labelled with Cy5 and cDNA 
reference with Cy3. 
     Image analysis was performed in GenePix 5.1 software (Axon Instru-
ments, Sunnyvale, CA, USA). After removal of bad quality spots analysis of 
the gene expression data was carried out in the freely available statistical 
computing language R (http://www.r-project.org) using a package available 
from the Bioconductor project (www.bioconductor.org). The raw data was 
normalized using the LOWESS method (136). In order to search for differ-
entially expressed genes between groups, an empirical Bayes moderated t 
test was applied, using the Limma package (137). To address the problem of 
multiple testing, the p-values were adjusted using the Benjamini and 
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Hochberg method (138). Hierarchical clustering of genes for three dimen-
sional visualization of expression pattern was performed by the Principal 
Component Analysis (PCA) (139). 

Gene ontology enrichment- and gene network analysis 
The web based Gene Ontology (GO) analysis tool DAVID (140,141) 
(http://david.abcc.ncifcrf.gov/) and Ingenuity Pathways Analysis (Ingenui-
ty® Systems, www.ingenuity.com) were used for functional annotations and 
to determine statistical overrepresentation of GO terms among genes that 
differed between groups of tumours (paper I). To map differentially ex-
pressed genes with genes already known to be involved in tumourigenesis, 
the Computational biology center-web site was used (Higgins et al, 2007) 
(142) (http://cbio.mskcc.org/CancerGenes/SelectAndDisplay.action).  

Cell culturing 
CNDT2.5, a SI-NET cell line derived from a liver metastases (143) (paper II 
and III), sHPT-1 cell line (secondary parathyroid cell line) (144) and 
HEK293T (human embryonic kidney 293 cell line) (paper III) were used. 
CNDT2.5 was cultured in DMEM-F12 complemented with 10% fetal bovine 
serum (Sigma Aldrich), 1% vitamins, 1% L-glutamine, 1% sodium pyruvate, 
1% nonessential amino acids and 1% PEST (penicillin-streptomycin). sHPT-
1 was cultured in DMEM/10% fetal bovine serum and HEK293T was cul-
tured in DMEM complemented with 10% fetal bovine serum and 1% PEST.  

Drug treatment of cell cultures  
CNDT2.5, sHPT-1 and HEK293T cells (paper III) were seeded in triplicates 
and treated with 1.0 µM 5-aza-dC and 5.0 µM DZNep (83), and incubated 
for 72 h. Media with fresh drug was changed every 24 h. In paper II 
CNDT2.5 cells were treated with DZNep (10 µM) and 5-aza-dC (1.0 µM) as 
describes above. EPZ-6438 (1-5 µM), a specific EZH2 inhibitor (87), was 
incubated for 96 h.  

Transfection experiments  
For transfection experiments (paper II and III) 1x106 CNDT2.5 cells were 
distributed onto 35-mm dishes and transfected in triplicates. pCMV6-DDK-
TCEB3C, ACTG2 plasmid expression vector or empty expression vector 
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were transfected using Lipofectamine 2000 (Invitrogen).  In paper III, sHPT-
1 (2x105) and HEK293T (1,5x106) cells were seeded and the same plasmids 
were transfected using FuGENE® 6 transfection reagent (Roche Diagnos-
tics). siRNA against DNMT1 and control non-silencing siRNA (Qiagen) was 
transfected with INTERFERinTM (Polyplus transfection) for 72 hours.  

In paper II 1x105 CNDT2.5 cells were seeded and transfected in tripli-
cates with hsa-miR-145 or negative control miR (mirVanaTMmiRNA, Ambi-
on) using INTERFERin transfection reagent (Polyplus Transfection) for 72 
hours.  

Cell viability and apoptosis assays 
After transfection of ACTG2-plasmid (as described above), 1000 cells were 
seeded in a 96 well plate in triplicates (paper II). Seventy-two hours later cell 
viability was measured using the cell proliferation reagent WST-1 (Roche 
Diagnostics GmbH).  

In paper II apoptosis was measured after hsa-miR-145 transfection (as de-
scribed above) using Cell Death Detection ELISA kit (Roche Molecular 
Biochemicals), and as a positive control cells were incubated with 0.1 µg/ml 
Camptothescin.  

Colony formation assay 
CNDT2.5 cells (106) (paper II and III) were distributed onto 35-mm dishes 
and transfected with 4µg pCMV6-DDK-TCEB3C, ACTG2-plasmid expres-
sion vector or empty vector using Lipofectamine 2000 (Invitrogen) in PEST-
free culture medium. Six hours after transfection new medium with PEST 
were added complemented with 0.2 mg/ml G418 (Geneticin, Sigma). After 
24 h cells were distributed (2 x 103) in triplicates in 6-well plates and media 
was changed every 72 h. After 9 days in selection cells were fixed with 10% 
acetic acid/10% methanol and stained with 0.4 % crystal violet and visible 
colonies were counted.  
   In paper III, 2x105 sHPT-1 and 1,5x106 HEK293T cells were seeded and 
TCEB3C and empty vector were transfected using FuGENE® 6 transfection 
reagent (Roche Diagnostics). 24 h after transfection 1000 cells were distrib-
uted onto 6-well plates in triplicates and after 24 h fresh medium with 0.1 
mg/ml Geneticin was added. Fresh medium with antibiotics were changed 
every 96 h and after eight days in selection the cells were fixed, stained and 
counted as described above.           



27 

Primary cell preparation  
Primary tumour cells (paper III) were prepared directly after surgery. The 
tissue was minced and put on a shaker at 37° C for 1 h in 1 mg/ml colla-
genase (Sigma), 0.05 mg/ml DNase I, 1.5 % bovine serum albumin and 0.95 
mM CaCl in Nutrient Mixture F-10 Ham (Sigma) pH 7.4. After centrifuga-
tion the cells were resuspended in 0.14 M NaCl, 6.7 mM KCl, 8.5 mM 
HEPES and 1 mM EGTA pH 7.4 and purified by centrifugation through 
25% and 75% standard isotonic percoll (Amersham).  

Bisulfite pyrosequencing 
DNA was (paper III) bisulfite treated and converted with EZ DNA methyla-
tion Gold Kit (Zymo Research) and PCR amplified using HotStarTaq® Plus 
Master Mix kit (Qiagen) and primer for TCEB3C. The pyrosequencing was 
carried out with PyroMarkTM Q24 (Qiagen).  

Proximity ligation assay 
In paper IV, multiplex proximity ligation assay was performed at Olink bio-
science (http://www.olink.com). Proteins in serum were detected by conver-
sion to DNA molecules for subsequent quantification (145,146). One µl 
serum was required and positive, negative and four spike in controls (green 
fluorescent protein (GFP), phycoerythrin, allophycocyanin and oligonucleo-
tide amplicon) were included. Every sample was mixed with pairs of prox-
imity probes, each composed of an antibody linked to an oligonucleotide. 
When both probes have bound to the target they are in close proximity and a 
connecting oligonucleotide hybridize to the probes. Then an enzymatic liga-
tion will occur, forming a unique amplicon, representing each target protein. 
Preamplification of all ligations products was performed and analysed in 
quadruplicates in quantitative real-time PCR. Ct-values were linearized, and 
the samples were normalized against their corresponding GFP value. Stu-
dents t test was used to calculate differences between patients and controls.  

ELISA 
In paper IV, a commercial ELISA (enzyme-linked immunosorbent assays) 
were used and performed according to manufacturer’s instructions, using a 
standard curve, blank controls and all samples were run in duplicates. Ab-
sorbances were measured at 450 nm. Human Spondin2 (SEF396Hu, Gen-
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taur), human soluble DcR3/TNFRSF6B (Biolegend) and human trefoil factor 
3 (BioVendor) ELISA kits were used.  

Statistical analyses 
Statistical analysis was performed with SPSS Statistic 20 and data was pre-
sented with arithmetic mean ± standard deviation. Unpaired t test was used 
and a p value of < 0.05 was considered significant.   
     In paper IV, multivariate classification was performed. Nearest shrunken 
centroids (147) classifiers were designed using the “pamr” package (148) in 
R (149). Performance was evaluated with repeated hold out tests, where 9 
randomly selected samples out of the total 46 (~20%) were not part of the 
classifier training but instead used as a test-set. This was repeated 100 times, 
producing 100 slightly different models with accompanying performance 
estimates and protein scores. This allows all samples to be part of the model-
ling without biasing the test result, and can be used to assess the robustness 
of the results. To make protein scores comparable between models, they 
were normalized within each model by division with the largest absolute 
score, giving the most important protein a score of -1 or 1 (depending on the 
direction of expression change).  
     Students t test was used to test significance between expression levels for 
ELISA analysis. Kaplan Meier curves and log-rank tests were used to find 
correlations with survival and ROC curve analysis for sensitivity and speci-
ficity of the biomarkers.  
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Results and Discussion 

Paper I. Different gene expression profiles in 
metastasising midgut carcinoid tumours  

 
Endocrine-Related Cancer (2011), 18 479-489. 
 
Paper I investigated gene expression patterns in SI-NETs using microarrays 
with a human Genome Oligo Set containing 24,650 genes and 37,123 tran-
scripts. After medical records evaluation 18 primary tumours, 17 lymph 
node metastases and 7 liver metastases were included; in total 42 tumours 
from 19 patients. No significant difference in gene expression was detected 
between the group of tumours with an aggressive clinical behaviour com-
pared to the group with less aggressive behaviour.  

PCA revealed three clusters. Cluster 1 contained 11 primary tumours; 
cluster 2 contained five lymph node metastases, and cluster 3 contained sev-
en primary tumours, 12 lymph node metastases and all seven liver metasta-
ses. Thus, there might be different molecular subtypes of SI-NETs. Interpre-
tation of the data using GO term analysis, which provides biological and 
functional descriptions of gene products, revealed different GO terms for all 
of the three clusters. When comparing primary tumours with their respective 
associated lymph node metastases, 13 of 16 matched pairs were situated in 
different clusters, and presenting different GO terms, showing evidence for 
genetic changes from primary tumour to metastasis.  

Only three of the 11 patients with primary tumours in cluster 1 suffered 
from the carcinoid syndrome compared to the rest of the primary tumours (in 
cluster 3) where five of seven patients had the carcinoid syndrome. Three 
tumours displayed a high proliferation rate with Ki67 >5% in hot spots and 
all of these tumours gathered in cluster 1. Seven patients eventually suc-
cumbed from their carcinoid disease, all of them resided in cluster 1, and 
there was a tendency (p=0.15) toward shorter survival for patients in this 
cluster. There was no correlation between radical primary surgery and sur-
vival.  

Eight novel genes were verified and ACTG2, GREM2, and REG3A may 
be of importance for tumour progression, and is suggested to have a protec-
tive function because of reduced levels in metastases compared to primary 
tumours. TUSC2, RUNX1, TGFBR2, TPH1, and CDH6, not previously 
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known to be involved in SI-NET tumourigenesis, displayed different expres-
sion levels in tumour clusters and may also be of importance for tumour 
progression.  

Paper II. A plausible role for actin gamma smooth 
muscle 2 (ACTG2) in small intestinal neuroendocrine 
tumourigenesis  
 
Manuscript 
 
Paper I revealed expression of ACTG2 in primary SI-NETs, compared to 
undetectable expression levels in lymph node metastases. In paper II, the 
role and regulation of ACTG2 were examined. Protein expression of ACTG2 
was evaluated by immunohistochemistry (n=24), and expression in entero-
chromaffin cells was investigated also by double immunofluorescence. Four-
teen SI-NETs and normal enterochromaffin cells stained negatively. Eight 
primary tumours and two lymph node metastases displayed positive staining 
for ACTG2 in tumour cells, albeit at variable level and appearance, suggest-
ing that expression of ACTG2 can be induced at some point during tumour 
progression representing a dedifferentiated phenotype. To investigate epige-
netic regulation a neuroendocrine cell line (CNDT2.5) was treated with 
global demethylating agent (5-aza-dC), a histone methyltransferase inhibitor 
(DZNep), and a selective EZH2 inhibitor (EPZ-6438). ACTG2 expression 
levels were increased after treatment with DZNep (20-fold) but not after 5-
aza-dC nor EPZ-6438 treatment, thus ACTG2 is repressed by histone meth-
ylation other than the repressive mark H3K27me and not by DNA methyla-
tion.  
     miR-145 is aberrantly expressed in many different tumour types (91,93–
95), it can induce apoptosis and the expression of ACTG2 (95,99). Relatively 
low levels or miR-145 was detected in SI-NETs and a decrease was seen 
during tumour progression. This result indicates a possibility that miR-145 
can be a tumour suppressor in SI-NETs, and introducing miR-145 can poten-
tially have therapeutic effect. Transfection of miR-145 to CNDT2.5 in-
creased the expression of ACTG2 (10-fold) but did not induce apoptosis.  
     To investigate ACTG2 effects on growth the gene was overexpressed in 
CNDT2.5 cells followed by colony formation- and viability assays. These 
experiments resulted in cell growth and viability inhibition by approximately 
25%.  
     ACTG2 is expressed only in a fraction of SI-NETs and the gene is epige-
netically regulated by histone methylation and miR-145. ACTG2 inhibits cell 
growth, and inducing ACTG2 in SI-NETs may have therapeutic benefits.  
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Paper III. TCEB3C a putative tumour suppressor gene 
of small intestinal neuroendocrine tumours 
 
Endocrine-Related Cancer 2014. 21.2 275-284.   

 
Imprinted genes are expressed in a parental-of-origin specific manner. Today 
the only known imprinted gene on chromosome 18 is TCEB3C, which codes 
for an elongation factor (Elongin A3) that stimulates the rate of transcription 
through RNA polymerase II.  

In paper III, immunohistochemical analysis revealed that most tumour 
cells did not express Elongin A3 (42/49). Some tumours had areas with posi-
tive staining. In our cohort of tumours, 88% displayed one gene copy of 
TCEB3C, which is in concordance with previous findings showing LOH on 
chromosome 18. Since TCEB3C is imprinted in some tissues epigenetic reg-
ulation was investigated. 5-aza-dC strongly induced mRNA levels (90-fold) 
and protein expression in CNDT2.5 cells, and this effect was not detected in 
control cell lines (sHPT-1 and HEK293T). Silencing DNMT1 using RNAi 
also showed an induction of gene expression, further supporting the hypoth-
esis that TCEB3C is regulated through DNA methylation. To rule out cell 
line specific effects primary cell cultures (from 11 SI-NETs) were prepared 
directly after operation and treated with 5-aza-dC. Ten tumours displayed a 
significant increase in mRNA expression indicating that TCEB3C is sup-
pressed by DNA methylation in SI-NETs. DNA methylation and histone 
modifications are closely connected and treating CNDT2.5 with DZNep, a 
global histone methylating inhibitor, also resulted in increased mRNA (80-
fold) and protein expression. No induction was detected in the control cell 
lines.  

To further investigate the role of DNA methylation, the promoter region 
which is situated in a CpG island was analysed using pyrosequencing. All 
tumours (n=14) showed high levels (>95%; mean value of seven CpG sites) 
of methylation. Control cells/tissue also demonstrated high methylation lev-
els together with protein expression, indicating that the differential methylat-
ed region is located elsewhere.       

To explore the potential effect on cell growth CNDT2.5, sHPT-1 and 
HEK293T was transfected with a TCEB3C expression plasmid and empty 
control vector followed by a colony-formation assay. Overexpression of 
TCEB3C resulted in a 50% reduction of clonogenic survival of CNDT2.5 
cells, and not of control cells. These results support a putative role of 
TCEB3C as a tumour suppressor gene in SI-NETs. Epigenetic repression of 
TCEB3C appears to be tumour cell-type specific and involves both DNA and 
histone methylation.   
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Paper IV. Novel serum biomarkers in small intestinal 
neuroendocrine tumours 

 
Submitted 
 
There is a great need of novel diagnostic and prognostic biomarkers in SI-
NETs since diagnosis is often late, when metastases already have occurred, 
and the disease course is unpredictable (9). Serum biomarkers are very as-
sessable acquiring only a venepuncture. PLA is a sensitive method that can 
be performed in multiplex. In paper IV, 69 biomarkers known to be involved 
in cancer were screened in blood serum from 23 SI-NET patients with TNM 
stage IV (displaying liver metastasis); 11 displayed G1 and 9 G2 (3 patients 
were not determined), and 23 matched healthy controls, using multiplex 
PLA. Blood samples were drawn at the time of diagnosis, before any medi-
cal or surgical treatment. Nineteen biomarkers showed significant different 
serum levels between patients and controls. Student’s t test and multivariate 
classification revealed that Mindin, DcR3 and TFF3 were good markers. 
Immunohistochemistry showed that these markers were expressed in the 
majority of both primary tumours and metastases. A larger cohort (in total 96 
patients), also including patients with TNM stage III (no liver but lymph 
node metastases), was analysed using commercial ELISA. Patient with TNM 
stage IV displayed higher levels of DcR3 than patients with TNM stage III 
and healthy controls. High levels of DcR3 were correlated with poor surviv-
al. ROC curve analysis showed DcR3 to be a good biomarker for liver me-
tastases, comparing TNM stage III patients with stage IV (AUC=0.83). Ele-
vated levels of TFF3 were detected in patients with TNM stage III and even 
higher levels in patients with TNM stage IV. TFF3 was a good prognostic 
marker (AUC=0.79) comparing SI-NET patients with healthy controls. High 
levels of TFF3 were also correlated to poor survival. Increased levels of 
Mindin were detected in SI-NET patients compared to controls. Survival 
analysis revealed a tendency (p=0.13) towards that high serum levels corre-
late with poor survival. ROC curve analysis demonstrated Mindin to be a 
good biomarker for disease (AUC=0.79). DcR3, TFF3 and Mindin are po-
tentially new diagnostic and prognostic biomarkers in SI-NETs.   
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Concluding remarks 

To gain more knowledge about genetic dearrangements in SI-NETs we used 
expression microarrays and detected subgroups of SI-NET patients, display-
ing different gene expression profiles that were correlated to clinical fea-
tures. These results indicate different pathophysiological mechanisms or 
different stages of differentiation. Primary tumours and their respective me-
tastasis were located in different clusters, showing evidence for genetic 
changes during progression. We also identified eight novel genes, not previ-
ously known to be involved in SI-NET tumourigenesis. ACTG2, GREM2, 
REG3A, TUSC2, RUNX1, TGFBR2 and CDH6 displayed different expres-
sion levels between subgroups of patients and may be important for tumour 
progression.  
     Aberrant expression of ACTG2 has been described in several different 
cancer types (90–92). We detected ACTG2 protein expression in only a frac-
tion of SI-NETs and not in enterochromaffin cells of the normal intestinal 
mucosa, suggesting that the expression of ACTG2 can be induced during 
tumour progression, representing a dedifferentiated phenotype. ACTG2 was 
induced by treatment with a global histone methylation inhibitor (DZNep) 
and by miR-145, but not by the specific inhibition of histone methyltransfer-
ase EZH2 (by EPZ-6438) and not by DNA methylation inhibition. miR-145 
has been suggested to have therapeutic effects in other cancers (100,101), 
and we detected a downregulation of miR-145 in SI-NETs. Over-expression 
of ACTG2 suppressed colony formation and reduced viability, and inducing 
ACTG2 in SI-NETs may have therapeutic benefits. 
     TCEB3C (Elongin A3) is known to be imprinted in some tissues 
(103,104). There is a possibility that TCEB3C is imprinted also in entero-
chromaffin cells and that loss of chromosome 18 is the second hit (according 
to Knudsons two-hit model) resulting in tumourigenesis. We detected that 
most tumour cells did not express Elongin A3. In our cohort 88% displayed 
loss of chromosome 18 and we showed that the gene could be induced by 
inhibition of both DNA and histone methylation. These regulations were 
tissue-specific for SI-NET cells. We further showed evidence for DNA 
methylation regulation by inducing gene expression in primary cell cultures 
with 5-aza-dC treatment. Finally we further demonstrated the potential of 
TCEB3C to be a novel tumour suppressor gene in SI-NETs since over-
expression inhibited growth (by 50%) in vitro.  



34 

     Little progress has been made in discovering novel biomarkers for SI-
NETs during recent years, and still the most clinically used biomarkers are 
CgA and 5-HIAA (12). We detected 19 novel potential biomarkers in serum, 
using multiplex PLA. We demonstrated that high levels of DcR3 and TFF3 
were correlated with poor survival in SI-NETs, and that DcR3 is a marker 
for liver metastases. Knock-down of DcR3 have resulted in growth inhibi-
tion in vivo in pancreatic cancer (127), and DcR3 could therefore be a poten-
tial target also in SI-NETs. We revealed that DcR3, TFF3 and Mindin are 
sensitive, specific and potentially novel diagnostic and prognostic bi-
omarkers in serum in SI-NETs.  
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Summary of the thesis in Swedish 

Neuroendokrina tumörer i tunntarmen (SI-NETs) uppstår från entero-
chromaffina celler. Tumörerna kan utsöndra hormon, vanligtvis serotonin, 
som ger upphov till symtom som t ex diarré. Vid höga hormonhalter kan det 
så kallade carcinoidsyndromet uppstå, vilket leder till bl. a. flush och 
hjärtsjukdom. SI-NET är en ovanlig cancerform som bildar små tumörer som 
växer långsamt. Diagnos fastställs ofta i ett sent skede, då metastaser redan 
har bildats, och det är svårt att förutspå det kliniska förloppet. Cellgifter och 
strålning har ofta igen effekt och den medicinska behandlingen minskar 
symptom och kan hämma tillväxt. Endast kirurgi kan vara botande och 
femårs-överlevnaden är ca 67%.  

Kunskapen kring de genetiska och epigenetiska avvikelserna som leder 
till tumörutveckling är bristfällig. Förlust av kromosom 18 är den vanligaste 
förändringen och sekvensering av hela genomet visar att SI-NETs har få 
mutationer överlag.      

För att kartlägga tumör-associerade avvikelser, framför allt vid metas-
tasering, användes (i delarbete I) expression microarrays som screenade mer 
än 37,000 gentranskript i 42 SI-NETs, från 19 patienter. Bioinformatisk 
bearbetning (principal component analysis) visade att tumörerna bildade tre 
subgrupper med olika genuttryck, som kunde kopplas till kliniska par-
ametrar, t ex död i sjukdom. Det skedde en förändring av genuttrycket vid 
progression; primärtumörer och matchade metastaser hade olika genuttryck-
sprofiler. Åtta nya gener verifierades och hade olika uttrycksnivåer mellan 
subgrupper av tumörer. ACTG2, GREM2 och REG3A kan ha en skyddande 
funktion vid metastasering, då uttrycket var reducerat i metastaser jämfört 
med primärtumörer. TUSC2, RUNX1, TGFBR2, TPH1 och CDH6 kan vara 
av betydelse för progression.  
     ACTG2 studerades vidare i delarbete II. Ett avvikande uttryck av ACTG2 
ses i andra cancerformer och i detta arbete påvisades proteinuttryck i enbart 
en del (42%) av SI-NETs och inget uttryck i normala enterochromaffina 
celler. Detta tyder på att ACTG2 kan induceras vid tumörprogression och att 
dessa celler kan vara dedifferentierade. ACTG2 inducerades vid epigenetisk 
behandling in vitro. En histonmetyleringsinhibitor (DZNep) och transfektion 
av microRNA-145 (miR-145) ökade uttrycket av ACTG2 i cellinjen 
CNDT2.5. Däremot hade behanding med en DNA metyleringsinhibitor (5-
aza-dC) och specific EZH2-inhibering ingen effekt. Kvantitativ real-tids pcr 
visade att SI-NETs uttryckte låga nivåer av miR-145, som sjönk ytterligare 
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vid tumörprogression. Vid överuttryck av ACTG2 hämmades celltillväxten 
med ca 25%. Resultaten visar att induktion av ACTG2 kan vara en potentiell 
behandlingsstrategi vid SI-NETs.  
     I delarbete III undersöktes uttryck och epigenetisk reglering av genen 
TCEB3C som ligger på kromosom 18. TCEB3C är imprintad i vissa vävnad-
er, med ett ärftligt allel-specifikt uttryck. I vår kohort hade 88% LOH av 
kromosom 18. Proteinuttrycket var reducerat i SI-NETs. In vitro studier vi-
sade att uttrycket inducerades vid behandling med en DNA demetylerings-
drog (5-aza-dC), siRNA mot DNMT1 och vid behandling med en his-
tonmetyleringsinhibitor (DZNep). Denna reglering var vävnadsspecifik eft-
ersom detta inte detekterades i kontroll-cellinjer (sHPT-1 och HEK293T). 
Även i primära cellkulturer inducerades genen vid DNA demetylering, vilket 
visar att TCEB3C är epigenetiskt reglerad i SI-NETs. Resultaten tyder på att 
en allel kan vara avstängd p g a epigenetisk reglering, ev imprinting, och den 
andra allelen är tystad vid LOH. Överuttryck av genen hämmade celltillväx-
ten med 50%. Resultaten visade att TCEB3C är en potentiell tumörsuppres-
sorgen vid SI-NET, den är epigenetiskt reglerad i en vävnadsspecifik kon-
text.  
     Det föreligger ett stort behov av nya diagnostiska och prognostiska bi-
omarkörer vid SI-NET för att tidigarelägga diagnos och bättre kunna 
förutspå det kliniska förloppet. I delarbete IV undersöktes 69 potentiella 
biomarkörer. Serum från 23 patienter med SI-NET, TNM stadium IV (pa-
tienter med levermetastaser) och 23 friska kontrollpersoner analyserades 
med PLA (proximity ligation assay, Olink bioscience). Nitton markörer vi-
sade olika serumnivåer mellan patienter och friska kontroller. Student’s t test 
och multivariat klassificering visade att Mindin, DcR3 och TFF3 var bra 
biomarkörer. Med hjälp av immunohistokemi detekterades dessa proteiner i 
tumörvävnad. I en utökad kohort (totalt 96 patienter, inklusive patienter med 
stage III) analyserades dessa tre markörer i serum med ELISA, vilket visade 
signifikant högre nivår hos patienter jämfört med friska kontroller. Höga 
nivåer av DcR3 och TFF3 associerades med en sämre överlevnad. Resultaten 
visar att DcR3, TFF3 och Mindin är nya potentiella diagnostiska bi-
omarkörer vid SI-NET och DcR3 är en markör för levermetastaser.          



37 

Acknowledgements 

This thesis work was carried out at the Department of Surgical Sciences, 
Uppsala University. I want to express my gratitude to all of you that have 
helped and supported me along the way.  
 
Peter Stålberg, my main supervisor, for encouragement and enthusiasm. I 
am grateful for your trust in me, all of your support and scientific expertise. 
 
Per Hellman, my co-supervisor, for giving me the opportunity to be part of 
the research group. I am grateful for your guidance and your positive spirit.  
 
Gunnar Westin, my co-supervisor, for excellent knowledge, dedication and 
support. 
 
My co-authors: Tanveer Ahmad, Peyman Björklund, Christofer Bäcklin, 
Eva Tiensuu Janson and Göran Åkerström.    
 
Birgitta Bondeson and Peter Lillhager for all the technical help in the lab 
and splendid company!  
 
Present and former members in the group of endocrine surgery:  
Jessica Svedlund – for great company in- and outside of the lab! 
Elham Barazeghi, Olov Norlén, Johanna Sandgren, Ola Hessman, Hella 
Hultin, Cihan Cetinkaya.  
 
The group of experimental surgery: Rajani Maharjan, Tobias Åkerström, 
Joakim Crona, Alberto Delgado-Verdugo and Maria Annerbo. 
 
Anna-Stina Sahlqvist, Carl Mårten Lindqvist and Kerstin Ahlgren for 
being excellent room mates and friends.  
 
The people at CKMF: Margareta Halin Lejonklou, Britt Skogseid, Su-
Chen Li, Toa Cui, Valeria Giandomenico, Dominic-Luc Webb, Malin 
Grönberg, Åsa Hallgren, Tijana Krajisnik, Anna Norling and all others 
present and former members.  
 



38 

The surgical department at Akademiska Sjukhuset; especially Sofia 
Sundbom and Claes Juhlin.   

 
All my friends! Special thanks to Karro and Malin!  
 
Pappa Anders, for all your love and faith in me! This would not have been 
possible without you! The best of sisters, Gabriella, and my great brother 
Andreas! 
 
My love Anders – for being by my side!  
 
The best of all and the joy of my life – my wonderful son Assar! 

 
 
Thank you all ♥ 
 



39 

References 

1.  Arnold R. Endocrine tumours of the gastrointestinal tract. Introduction: defini-
tion, historical aspects, classification, staging, prognosis and therapeutic op-
tions. Best Pract Res Clin Gastroenterol. 2005 Aug;19(4):491–505.  

2.  Vinik AI, Silva MP, Woltering EA, Woltering G, Go VLW, Warner R, et al. 
Biochemical testing for neuroendocrine tumors. Pancreas. 2009 
Nov;38(8):876–89.  

3.  Oberndorfer S. Karzinoide Tumoren des Dünndarms. Frankf Z Pathol. 
1907(1):425–9.  

4.  WILLIAMS ED, SANDLER M. The classification of carcinoid tum ours. Lan-
cet. 1963 Feb 2;1(7275):238–9.  

5.  Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classification of tu-
mours of the digestive system. 2010;(Ed. 4):417 pp.  

6.  Rindi G, Klöppel G, Couvelard A, Komminoth P, Körner M, Lopes JM, et al. 
TNM staging of midgut and hindgut (neuro) endocrine tumors: a consensus 
proposal including a grading system. Virchows Arch Int J Pathol. 2007 
Oct;451(4):757–62.  

7.  Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, et al. One hundred 
years after “carcinoid”: epidemiology of and prognostic factors for neuroen-
docrine tumors in 35,825 cases in the United States. J Clin Oncol Off J Am 
Soc Clin Oncol. 2008 Jun 20;26(18):3063–72.  

8.  Landerholm K, Falkmer S, Järhult J. Epidemiology of small bowel carcinoids in 
a defined population. World J Surg. 2010 Jul;34(7):1500–5.  

9.  Norlén O, Stålberg P, Öberg K, Eriksson J, Hedberg J, Hessman O, et al. Long-
term results of surgery for small intestinal neuroendocrine tumors at a ter-
tiary referral center. World J Surg. 2012 Jun;36(6):1419–31.  

10.  Strosberg J. Neuroendocrine tumours of the small intestine. Best Pract Res Clin 
Gastroenterol. 2012 Dec;26(6):755–73.  

11.  Cunningham JL, Janson ET, Agarwal S, Grimelius L, Stridsberg M. Tachykin-
ins in endocrine tumors and the carcinoid syndrome. Eur J Endocrinol Eur 
Fed Endocr Soc. 2008 Sep;159(3):275–82.  



40 

12.  Öberg KE. Gastrointestinal neuroendocrine tumors. Ann Oncol Off J Eur Soc 
Med Oncol ESMO. 2010 Oct;21 Suppl 7:vii72–80.  

13.  Kölby L, Bernhardt P, Swärd C, Johanson V, Ahlman H, Forssell-Aronsson E, 
et al. Chromogranin A as a determinant of midgut carcinoid tumour volume. 
Regul Pept. 2004 Aug 15;120(1-3):269–73.  

14.  Welin S, Stridsberg M, Cunningham J, Granberg D, Skogseid B, Oberg K, et al. 
Elevated plasma chromogranin A is the first indication of recurrence in radi-
cally operated midgut carcinoid tumors. Neuroendocrinology. 
2009;89(3):302–7.  

15.  Nobels FR, Kwekkeboom DJ, Bouillon R, Lamberts SW. Chromogranin A: its 
clinical value as marker of neuroendocrine tumours. Eur J Clin Invest. 1998 
Jun;28(6):431–40.  

16.  Arnold R, Wilke A, Rinke A, Mayer C, Kann PH, Klose K, et al. Plasma 
Chromogranin A as Marker for Survival in Patients With Metastatic Endo-
crine Gastroenteropancreatic Tumors. Clin Gastroenterol Hepatol. 2008 
Jul;6(7):820–7.  

17.  Janson ET, Holmberg L, Stridsberg M, Eriksson B, Theodorsson E, Wilander 
E, et al. Carcinoid tumors: analysis of prognostic factors and survival in 301 
patients from a referral center. Ann Oncol Off J Eur Soc Med Oncol ESMO. 
1997 Jul;8(7):685–90.  

18.  Zar N, Garmo H, Holmberg L, Rastad J, Hellman P. Long-term survival of 
patients with small intestinal carcinoid tumors. World J Surg. 2004 
Nov;28(11):1163–8.  

19.  Appetecchia M, Baldelli R. Somatostatin analogues in the treatment of gastro-
enteropancreatic neuroendocrine tumours, current aspects and new perspec-
tives. J Exp Clin Cancer Res CR. 2010;29:19.  

20.  Rinke A, Müller H-H, Schade-Brittinger C, Klose K-J, Barth P, Wied M, et al. 
Placebo-controlled, double-blind, prospective, randomized study on the ef-
fect of octreotide LAR in the control of tumor growth in patients with meta-
static neuroendocrine midgut tumors: a report from the PROMID Study 
Group. J Clin Oncol Off J Am Soc Clin Oncol. 2009 Oct 1;27(28):4656–63.  

21.  Theodoropoulou M, Stalla GK. Somatostatin receptors: from signaling to clini-
cal practice. Front Neuroendocrinol. 2013 Aug;34(3):228–52.  

22.  Fazio N, de Braud F, Delle Fave G, Oberg K. Interferon-alpha and somatostatin 
analog in patients with gastroenteropancreatic neuroendocrine carcinoma: 
single agent or combination? Ann Oncol Off J Eur Soc Med Oncol ESMO. 
2007 Jan;18(1):13–9.  



41 

23.  Kölby L, Persson G, Franzén S, Ahrén B. Randomized clinical trial of the effect 
of interferon alpha on survival in patients with disseminated midgut car-
cinoid tumours. Br J Surg. 2003 Jun;90(6):687–93.  

24.  WATSON JD, CRICK FH. The structure of DNA. Cold Spring Harb Symp 
Quant Biol. 1953;18:123–31.  

25.  International Human Genome Sequencing Consortium. Finishing the euchro-
matic sequence of the human genome. Nature. 2004 Oct 21;431(7011):931–
45.  

26.  Stratton MR, Campbell PJ, Futreal PA. The cancer genome. Nature. 2009 Apr 
9;458(7239):719–24.  

27.  Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011 
Mar 4;144(5):646–74.  

28.  Valastyan S, Weinberg RA. Tumor metastasis: molecular insights and evolving 
paradigms. Cell. 2011 Oct 14;147(2):275–92.  

29.  Velázquez-Fernández D, Laurell C, Geli J, Höög A, Odeberg J, Kjellman M, et 
al. Expression profiling of adrenocortical neoplasms suggests a molecular 
signature of malignancy. Surgery. 2005 Dec;138(6):1087–94.  

30.  Banck MS, Kanwar R, Kulkarni AA, Boora GK, Metge F, Kipp BR, et al. The 
genomic landscape of small intestine neuroendocrine tumors. J Clin Invest. 
2013 Jun 3;123(6):2502–8.  

31.  Cunningham JL, Díaz de Ståhl T, Sjöblom T, Westin G, Dumanski JP, Janson 
ET. Common pathogenetic mechanism involving human chromosome 18 in 
familial and sporadic ileal carcinoid tumors. Genes Chromosomes Cancer. 
2011 Feb;50(2):82–94.  

32.  Kulke MH, Freed E, Chiang DY, Philips J, Zahrieh D, Glickman JN, et al. 
High-resolution analysis of genetic alterations in small bowel carcinoid tu-
mors reveals areas of recurrent amplification and loss. Genes Chromosomes 
Cancer. 2008 Jul;47(7):591–603.  

33.  Löllgen RM, Hessman O, Szabo E, Westin G, Akerström G. Chromosome 18 
deletions are common events in classical midgut carcinoid tumors. Int J 
Cancer J Int Cancer. 2001 Jun 15;92(6):812–5.  

34.  Andersson E, Swärd C, Stenman G, Ahlman H, Nilsson O. High-resolution 
genomic profiling reveals gain of chromosome 14 as a predictor of poor out-
come in ileal carcinoids. Endocr Relat Cancer. 2009 Sep;16(3):953–66.  

  



42 

35.  Kytölä S, Höög A, Nord B, Cedermark B, Frisk T, Larsson C, et al. Compara-
tive genomic hybridization identifies loss of 18q22-qter as an early and spe-
cific event in tumorigenesis of midgut carcinoids. Am J Pathol. 2001 
May;158(5):1803–8.  

36.  Tönnies H, Toliat MR, Ramel C, Pape UF, Neitzel H, Berger W, et al. Analysis 
of sporadic neuroendocrine tumours of the enteropancreatic system by com-
parative genomic hybridisation. Gut. 2001 Apr;48(4):536–41.  

37.  Wang GG, Yao JC, Worah S, White JA, Luna R, Wu T-T, et al. Comparison of 
genetic alterations in neuroendocrine tumors: frequent loss of chromosome 
18 in ileal carcinoid tumors. Mod Pathol Off J U S Can Acad Pathol Inc. 
2005 Aug;18(8):1079–87.  

38.  Lawrence MS, Stojanov P, Mermel CH, Robinson JT, Garraway LA, Golub 
TR, et al. Discovery and saturation analysis of cancer genes across 21 tu-
mour types. Nature [Internet]. 2014 Jan 5 [cited 2014 Jan 10];advance online 
publication. Available from: 
http://www.nature.com/nature/journal/vaop/ncurrent/full/nature12912.html 

39.  Pitt SC, Davis R, Kunnimalaiyaan M, Chen H. AKT and PTEN expression in 
human gastrointestinal carcinoid tumors. Am J Transl Res. 2009;1(3):291–9.  

40.  Pavel ME, Hainsworth JD, Baudin E, Peeters M, Hörsch D, Winkler RE, et al. 
Everolimus plus octreotide long-acting repeatable for the treatment of ad-
vanced neuroendocrine tumours associated with carcinoid syndrome (RA-
DIANT-2): a randomised, placebo-controlled, phase 3 study. Lancet. 2011 
Dec 10;378(9808):2005–12.  

41.  Kulke MH, Chan JA, Meyerhardt JA, Zhu AX, Abrams TA, Blaszkowsky LS, 
et al. A prospective phase II study of 2-methoxyestradiol administered in 
combination with bevacizumab in patients with metastatic carcinoid tumors. 
Cancer Chemother Pharmacol. 2011 Aug;68(2):293–300.  

42.  Yao JC, Phan A, Hoff PM, Chen HX, Charnsangavej C, Yeung S-CJ, et al. 
Targeting vascular endothelial growth factor in advanced carcinoid tumor: a 
random assignment phase II study of depot octreotide with bevacizumab and 
pegylated interferon alpha-2b. J Clin Oncol Off J Am Soc Clin Oncol. 2008 
Mar 10;26(8):1316–23.  

43.  Francis JM, Kiezun A, Ramos AH, Serra S, Pedamallu CS, Qian ZR, et al. 
Somatic mutation of CDKN1B in small intestine neuroendocrine tumors. 
Nat Genet. 2013 Dec;45(12):1483–6.  

44.  Arvidsson Y, Andersson E, Bergström A, Andersson MK, Altiparmak G, Iller-
skog A-C, et al. Amyloid precursor-like protein 1 is differentially upregulat-
ed in neuroendocrine tumours of the gastrointestinal tract. Endocr Relat 
Cancer. 2008 Jun;15(2):569–81.  



43 

45.  Kidd M, Modlin IM, Mane SM, Camp RL, Eick G, Latich I. The role of genetic 
markers--NAP1L1, MAGE-D2, and MTA1--in defining small-intestinal car-
cinoid neoplasia. Ann Surg Oncol. 2006 Feb;13(2):253–62.  

46.  Leja J, Essaghir A, Essand M, Wester K, Oberg K, Tötterman TH, et al. Novel 
markers for enterochromaffin cells and gastrointestinal neuroendocrine car-
cinomas. Mod Pathol Off J U S Can Acad Pathol Inc. 2009 Feb;22(2):261–
72.  

47.  Jones PA. Functions of DNA methylation: islands, start sites, gene bodies and 
beyond. Nat Rev Genet. 2012 Jul;13(7):484–92.  

48.  Baylin SB, Jones PA. A decade of exploring the cancer epigenome - biological 
and translational implications. Nat Rev Cancer. 2011 Oct;11(10):726–34.  

49.  Bird A. DNA methylation patterns and epigenetic memory. Genes Dev. 2002 
Jan 1;16(1):6–21.  

50.  Irizarry RA, Ladd-Acosta C, Wen B, Wu Z, Montano C, Onyango P, et al. The 
human colon cancer methylome shows similar hypo- and hypermethylation 
at conserved tissue-specific CpG island shores. Nat Genet. 2009 
Feb;41(2):178–86.  

51.  Kelly TK, De Carvalho DD, Jones PA. Epigenetic modifications as therapeutic 
targets. Nat Biotechnol. 2010 Oct 13;28(10):1069–78.  

52.  Delgado Verdugo A, Crona J, Starker LF, Stalberg P, Akerström G, Westin G, 
et al. Global DNA methylation patterns in small intestinal neuroendocrine 
tumors (SI-NETs). Endocr Relat Cancer. 2013 Nov 5;  

53.  Grady WM, Willis J, Guilford PJ, Dunbier AK, Toro TT, Lynch H, et al. Meth-
ylation of the CDH1 promoter as the second genetic hit in hereditary diffuse 
gastric cancer. Nat Genet. 2000 Sep;26(1):16–7.  

54.  Myöhänen SK, Baylin SB, Herman JG. Hypermethylation can selectively si-
lence individual p16ink4A alleles in neoplasia. Cancer Res. 1998 Feb 
15;58(4):591–3.  

55.  Herman JG, Umar A, Polyak K, Graff JR, Ahuja N, Issa JP, et al. Incidence and 
functional consequences of hMLH1 promoter hypermethylation in colorectal 
carcinoma. Proc Natl Acad Sci U S A. 1998 Jun 9;95(12):6870–5.  

56.  Santos-Rosa H, Schneider R, Bannister AJ, Sherriff J, Bernstein BE, Emre 
NCT, et al. Active genes are tri-methylated at K4 of histone H3. Nature. 
2002 Sep 26;419(6905):407–11.  

57.  Jones PA, Baylin SB. The fundamental role of epigenetic events in cancer. Nat 
Rev Genet. 2002 Jun;3(6):415–28.  



44 

58.  Crea F, Paolicchi E, Marquez VE, Danesi R. Polycomb genes and cancer: time 
for clinical application? Crit Rev Oncol Hematol. 2012 Aug;83(2):184–93.  

59.  Chase A, Cross NCP. Aberrations of EZH2 in cancer. Clin Cancer Res Off J 
Am Assoc Cancer Res. 2011 May 1;17(9):2613–8.  

60.  Fraga MF, Ballestar E, Villar-Garea A, Boix-Chornet M, Espada J, Schotta G, 
et al. Loss of acetylation at Lys16 and trimethylation at Lys20 of histone H4 
is a common hallmark of human cancer. Nat Genet. 2005 Apr;37(4):391–
400.  

61.  Bracken AP, Pasini D, Capra M, Prosperini E, Colli E, Helin K. EZH2 is down-
stream of the pRB-E2F pathway, essential for proliferation and amplified in 
cancer. EMBO J. 2003 Oct 15;22(20):5323–35.  

62.  Svedlund J, Barazeghi E, Stalberg P, Hellman P, Akerström G, Bjorklund P, et 
al. The histone methyltransferase EZH2, an oncogene common to benign 
and malignant parathyroid tumors. Endocr Relat Cancer. 2013 Nov 29;  

63.  Nan X, Ng HH, Johnson CA, Laherty CD, Turner BM, Eisenman RN, et al. 
Transcriptional repression by the methyl-CpG-binding protein MeCP2 in-
volves a histone deacetylase complex. Nature. 1998 May 28;393(6683):386–
9.  

64.  Wysocka J, Swigut T, Xiao H, Milne TA, Kwon SY, Landry J, et al. A PHD 
finger of NURF couples histone H3 lysine 4 trimethylation with chromatin 
remodelling. Nature. 2006 Jul 6;442(7098):86–90.  

65.  Jacinto FV, Ballestar E, Esteller M. Impaired recruitment of the histone methyl-
transferase DOT1L contributes to the incomplete reactivation of tumor sup-
pressor genes upon DNA demethylation. Oncogene. 2009 Nov 
26;28(47):4212–24.  

66.  Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch E, Yendamuri S, et al. 
Human microRNA genes are frequently located at fragile sites and genomic 
regions involved in cancers. Proc Natl Acad Sci U S A. 2004 Mar 
2;101(9):2999–3004.  

67.  Saito Y, Jones PA. Epigenetic activation of tumor suppressor microRNAs in 
human cancer cells. Cell Cycle Georget Tex. 2006 Oct;5(19):2220–2.  

68.  Weber B, Stresemann C, Brueckner B, Lyko F. Methylation of human mi-
croRNA genes in normal and neoplastic cells. Cell Cycle Georget Tex. 2007 
May 2;6(9):1001–5.  

69.  Suzuki H, Maruyama R, Yamamoto E, Kai M. DNA methylation and mi-
croRNA dysregulation in cancer. Mol Oncol. 2012 Dec;6(6):567–78.  



45 

70.  Saito Y, Liang G, Egger G, Friedman JM, Chuang JC, Coetzee GA, et al. Spe-
cific activation of microRNA-127 with downregulation of the proto-
oncogene BCL6 by chromatin-modifying drugs in human cancer cells. Can-
cer Cell. 2006 Jun;9(6):435–43.  

71.  Brueckner B, Stresemann C, Kuner R, Mund C, Musch T, Meister M, et al. The 
human let-7a-3 locus contains an epigenetically regulated microRNA gene 
with oncogenic function. Cancer Res. 2007 Feb 15;67(4):1419–23.  

72.  Farazi TA, Hoell JI, Morozov P, Tuschl T. MicroRNAs in human cancer. Adv 
Exp Med Biol. 2013;774:1–20.  

73.  Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogosova-
Agadjanyan EL, et al. Circulating microRNAs as stable blood-based markers 
for cancer detection. Proc Natl Acad Sci U S A. 2008 Jul 29;105(30):10513–
8.  

74.  Li S-C, Essaghir A, Martijn C, Lloyd RV, Demoulin J-B, Oberg K, et al. Global 
microRNA profiling of well-differentiated small intestinal neuroendocrine 
tumors. Mod Pathol Off J U S Can Acad Pathol Inc. 2013 May;26(5):685–
96.  

75.  Ruebel K, Leontovich AA, Stilling GA, Zhang S, Righi A, Jin L, et al. Mi-
croRNA expression in ileal carcinoid tumors: downregulation of microRNA-
133a with tumor progression. Mod Pathol Off J U S Can Acad Pathol Inc. 
2010 Mar;23(3):367–75.  

76.  Schones DE, Zhao K. Genome-wide approaches to studying chromatin modifi-
cations. Nat Rev Genet. 2008 Mar;9(3):179–91.  

77.  Uribe-Lewis S, Woodfine K, Stojic L, Murrell A. Molecular mechanisms of 
genomic imprinting and clinical implications for cancer. Expert Rev Mol 
Med. 2011;13:e2.  

78.  Ferguson-Smith AC. Genomic imprinting: the emergence of an epigenetic par-
adigm. Nat Rev Genet. 2011 Aug;12(8):565–75.  

79.  Bojang P Jr, Ramos KS. The promise and failures of epigenetic therapies for 
cancer treatment. Cancer Treat Rev. 2014 Feb;40(1):153–69.  

80.  Alexander VM, Roy M, Steffens KA, Kunnimalaiyaan M, Chen H. Azacytidine 
induces cell cycle arrest and suppression of neuroendocrine markers in car-
cinoids. Int J Clin Exp Med. 2010;3(2):95–102.  

81.  Haggarty SJ, Koeller KM, Wong JC, Grozinger CM, Schreiber SL. Domain-
selective small-molecule inhibitor of histone deacetylase 6 (HDAC6)-
mediated tubulin deacetylation. Proc Natl Acad Sci U S A. 2003 Apr 
15;100(8):4389–94.  



46 

82.  Huang W-J, Wang Y-C, Chao S-W, Yang C-Y, Chen L-C, Lin M-H, et al. 
Synthesis and biological evaluation of ortho-aryl N-hydroxycinnamides as 
potent histone deacetylase (HDAC) 8 isoform-selective inhibitors. 
ChemMedChem. 2012 Oct;7(10):1815–24.  

83.  Miranda TB, Cortez CC, Yoo CB, Liang G, Abe M, Kelly TK, et al. DZNep is 
a global histone methylation inhibitor that reactivates developmental genes 
not silenced by DNA methylation. Mol Cancer Ther. 2009 Jun;8(6):1579–
88.  

84.  Fiskus W, Wang Y, Sreekumar A, Buckley KM, Shi H, Jillella A, et al. Com-
bined epigenetic therapy with the histone methyltransferase EZH2 inhibitor 
3-deazaneplanocin A and the histone deacetylase inhibitor panobinostat 
against human AML cells. Blood. 2009 Sep 24;114(13):2733–43.  

85.  Fiskus W, Rao R, Balusu R, Ganguly S, Tao J, Sotomayor E, et al. Superior 
efficacy of a combined epigenetic therapy against human mantle cell lym-
phoma cells. Clin Cancer Res Off J Am Assoc Cancer Res. 2012 Nov 
15;18(22):6227–38.  

86.  Tan J, Yang X, Zhuang L, Jiang X, Chen W, Lee PL, et al. Pharmacologic dis-
ruption of Polycomb-repressive complex 2-mediated gene repression selec-
tively induces apoptosis in cancer cells. Genes Dev. 2007 May 
1;21(9):1050–63.  

87.  Knutson SK, Warholic NM, Wigle TJ, Klaus CR, Allain CJ, Raimondi A, et al. 
Durable tumor regression in genetically altered malignant rhabdoid tumors 
by inhibition of methyltransferase EZH2. Proc Natl Acad Sci U S A. 2013 
May 7;110(19):7922–7.  

88.  Cameron EE, Bachman KE, Myöhänen S, Herman JG, Baylin SB. Synergy of 
demethylation and histone deacetylase inhibition in the re-expression of 
genes silenced in cancer. Nat Genet. 1999 Jan;21(1):103–7.  

89.  Pollard TD, Cooper JA. Actin, a central player in cell shape and movement. 
Science. 2009 Nov 27;326(5957):1208–12.  

90.  Beck AH, Lee C-H, Witten DM, Gleason BC, Edris B, Espinosa I, et al. Dis-
covery of molecular subtypes in leiomyosarcoma through integrative molec-
ular profiling. Oncogene. 2010 Feb 11;29(6):845–54.  

91.  Lauvrak SU, Munthe E, Kresse SH, Stratford EW, Namløs HM, Meza-Zepeda 
LA, et al. Functional characterisation of osteosarcoma cell lines and identifi-
cation of mRNAs and miRNAs associated with aggressive cancer pheno-
types. Br J Cancer. 2013 Oct 15;109(8):2228–36.  

92.  Lin Z-Y, Chuang W-L. Genes responsible for the characteristics of primary 
cultured invasive phenotype hepatocellular carcinoma cells. Biomed Phar-
macother Bioméd Pharmacothérapie. 2012 Sep;66(6):454–8.  



47 

93.  Akao Y, Nakagawa Y, Naoe T. MicroRNAs 143 and 145 are possible common 
onco-microRNAs in human cancers. Oncol Rep. 2006 Oct;16(4):845–50.  

94.  Michael MZ, O’ Connor SM, van Holst Pellekaan NG, Young GP, James RJ. 
Reduced accumulation of specific microRNAs in colorectal neoplasia. Mol 
Cancer Res MCR. 2003 Oct;1(12):882–91.  

95.  Götte M, Mohr C, Koo C-Y, Stock C, Vaske A-K, Viola M, et al. miR-145-
dependent targeting of junctional adhesion molecule A and modulation of 
fascin expression are associated with reduced breast cancer cell motility and 
invasiveness. Oncogene. 2010 Dec 16;29(50):6569–80.  

96.  Lu X, Pan J, Li S, Shen S, Chi P, Lin H, et al. Establishment of a predictive 
genetic model for estimating chemotherapy sensitivity of colorectal cancer 
with synchronous liver metastasis. Cancer Biother Radiopharm. 2013 
Sep;28(7):552–8.  

97.  Watson MB, Lind MJ, Smith L, Drew PJ, Cawkwell L. Expression microarray 
analysis reveals genes associated with in vitro resistance to cisplatin in a cell 
line model. Acta Oncol Stockh Swed. 2007;46(5):651–8.  

98.  Xu C-Z, Xie J, Jin B, Chen X-W, Sun Z-F, Wang B-X, et al. Gene and mi-
croRNA expression reveals sensitivity to paclitaxel in laryngeal cancer cell 
line. Int J Clin Exp Pathol. 2013;6(7):1351–61.  

99.  Adammek M, Greve B, Kässens N, Schneider C, Brüggemann K, Schüring AN, 
et al. MicroRNA miR-145 inhibits proliferation, invasiveness, and stem cell 
phenotype of an in vitro endometriosis model by targeting multiple cytoskel-
etal elements and pluripotency factors. Fertil Steril. 2013 Apr;99(5):1346–
1355.e5.  

100.  Kitade Y, Akao Y. MicroRNAs and their therapeutic potential for human 
diseases: microRNAs, miR-143 and -145, function as anti-oncomirs and the 
application of chemically modified miR-143 as an anti-cancer drug. J Phar-
macol Sci. 2010;114(3):276–80.  

101.  Noguchi S, Yasui Y, Iwasaki J, Kumazaki M, Yamada N, Naito S, et al. Re-
placement treatment with microRNA-143 and -145 induces synergistic inhi-
bition of the growth of human bladder cancer cells by regulating PI3K/Akt 
and MAPK signaling pathways. Cancer Lett. 2013 Jan 28;328(2):353–61.  

102.  Tazawa H, Kagawa S, Fujiwara T. MicroRNAs as potential target gene in 
cancer gene therapy of gastrointestinal tumors. Expert Opin Biol Ther. 2011 
Feb;11(2):145–55.  

103.  Strichman-Almashanu LZ, Lee RS, Onyango PO, Perlman E, Flam F, Frie-
man MB, et al. A genome-wide screen for normally methylated human CpG 
islands that can identify novel imprinted genes. Genome Res. 2002 
Apr;12(4):543–54.  



48 

104.  Li SS-L, Yu S-L, Singh S. Epigenetic states and expression of imprinted 
genes in human embryonic stem cells. World J Stem Cells. 2010 Aug 
26;2(4):97–102.  

105.  Yamazaki K, Guo L, Sugahara K, Zhang C, Enzan H, Nakabeppu Y, et al. 
Identification and biochemical characterization of a novel transcription elon-
gation factor, Elongin A3. J Biol Chem. 2002 Jul 19;277(29):26444–51.  

106.  Yasukawa T, Kamura T, Kitajima S, Conaway RC, Conaway JW, Aso T. 
Mammalian Elongin A complex mediates DNA-damage-induced ubiquityla-
tion and degradation of Rpb1. EMBO J. 2008 Dec 17;27(24):3256–66.  

107.  Duan DR, Pause A, Burgess WH, Aso T, Chen DY, Garrett KP, et al. Inhibi-
tion of transcription elongation by the VHL tumor suppressor protein. Sci-
ence. 1995 Sep 8;269(5229):1402–6.  

108.  Conaway JW, Kamura T, Conaway RC. The Elongin BC complex and the von 
Hippel-Lindau tumor suppressor protein. Biochim Biophys Acta. 1998 Apr 
17;1377(2):M49–54.  

109.  Li Y, Cao C, Jia W, Yu L, Mo M, Wang Q, et al. Structure of the F-spondin 
domain of mindin, an integrin ligand and pattern recognition molecule. EM-
BO J. 2009 Feb 4;28(3):286–97.  

110.  Feinstein Y, Borrell V, Garcia C, Burstyn-Cohen T, Tzarfaty V, Frumkin A, et 
al. F-spondin and mindin: two structurally and functionally related genes ex-
pressed in the hippocampus that promote outgrowth of embryonic hippo-
campal neurons. Dev Camb Engl. 1999 Aug;126(16):3637–48.  

111.  Simon I, Liu Y, Krall KL, Urban N, Wolfert RL, Kim NW, et al. Evaluation 
of the novel serum markers B7-H4, Spondin 2, and DcR3 for diagnosis and 
early detection of ovarian cancer. Gynecol Oncol. 2007 Jul;106(1):112–8.  

112.  Qian X, Li C, Pang B, Xue M, Wang J, Zhou J. Spondin-2 (SPON2), a more 
prostate-cancer-specific diagnostic biomarker. PloS One. 2012;7(5):e37225.  

113.  Manda R, Kohno T, Matsuno Y, Takenoshita S, Kuwano H, Yokota J. Identi-
fication of genes (SPON2 and C20orf2) differentially expressed between 
cancerous and noncancerous lung cells by mRNA differential display. Ge-
nomics. 1999 Oct 1;61(1):5–14.  

114.  Oikonomopoulou K, Li L, Zheng Y, Simon I, Wolfert RL, Valik D, et al. 
Prediction of ovarian cancer prognosis and response to chemotherapy by a 
serum-based multiparametric biomarker panel. Br J Cancer. 2008 Oct 
7;99(7):1103–13.  

115.  Parry R, Schneider D, Hudson D, Parkes D, Xuan J-A, Newton A, et al. Iden-
tification of a novel prostate tumor target, mindin/RG-1, for antibody-based 
radiotherapy of prostate cancer. Cancer Res. 2005 Sep 15;65(18):8397–405.  



49 

116.  Lin W-W, Hsieh S-L. Decoy receptor 3: a pleiotropic immunomodulator and 
biomarker for inflammatory diseases, autoimmune diseases and cancer. Bio-
chem Pharmacol. 2011 Apr 1;81(7):838–47.  

117.  Tsuji S, Hosotani R, Yonehara S, Masui T, Tulachan SS, Nakajima S, et al. 
Endogenous decoy receptor 3 blocks the growth inhibition signals mediated 
by Fas ligand in human pancreatic adenocarcinoma. Int J Cancer J Int Can-
cer. 2003 Aug 10;106(1):17–25.  

118.  Arakawa Y, Tachibana O, Hasegawa M, Miyamori T, Yamashita J, Hayashi 
Y. Frequent gene amplification and overexpression of decoy receptor 3 in 
glioblastoma. Acta Neuropathol (Berl). 2005 Mar;109(3):294–8.  

119.  Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, et al. 
Genomic amplification of a decoy receptor for Fas ligand in lung and colon 
cancer. Nature. 1998 Dec 17;396(6712):699–703.  

120.  Yang M, Chen G, Dang Y, Luo D. Significance of decoy receptor 3 in sera of 
hepatocellular carcinoma patients. Ups J Med Sci. 2010 Nov;115(4):232–7.  

121.  Chen G, Luo D. Over-expression of decoy receptor 3 in gastric precancerous 
lesions and carcinoma. Ups J Med Sci. 2008;113(3):297–304.  

122.  Tu H-F, Liu C-J, Liu S-Y, Chen Y-P, Yu E-H, Lin S-C, et al. Serum decoy 
receptor 3 level: a predictive marker for nodal metastasis and survival 
among oral cavity cancer patients. Head Neck. 2011 Mar;33(3):396–402.  

123.  Buffart TE, van Grieken NCT, Tijssen M, Coffa J, Ylstra B, Grabsch HI, et al. 
High resolution analysis of DNA copy-number aberrations of chromosomes 
8, 13, and 20 in gastric cancers. Virchows Arch Int J Pathol. 2009 
Sep;455(3):213–23.  

124.  Macher-Goeppinger S, Aulmann S, Wagener N, Funke B, Tagscherer KE, 
Haferkamp A, et al. Decoy receptor 3 is a prognostic factor in renal cell can-
cer. Neoplasia N Y N. 2008 Oct;10(10):1049–56.  

125.  Mild G, Bachmann F, Boulay J-L, Glatz K, Laffer U, Lowy A, et al. DCR3 
locus is a predictive marker for 5-fluorouracil-based adjuvant chemotherapy 
in colorectal cancer. Int J Cancer J Int Cancer. 2002 Nov 20;102(3):254–7.  

126.  Chen P-H, Yang C-R. Decoy receptor 3 expression in AsPC-1 human pancre-
atic adenocarcinoma cells via the phosphatidylinositol 3-kinase-, Akt-, and 
NF-kappa B-dependent pathway. J Immunol Baltim Md 1950. 2008 Dec 
15;181(12):8441–9.  

127.  Zhou J, Song S, He S, Wang Z, Zhang B, Li D, et al. Silencing of decoy re-
ceptor 3 (DcR3) expression by siRNA in pancreatic carcinoma cells induces 
Fas ligand-mediated apoptosis in vitro and in vivo. Int J Mol Med. 2013 
Sep;32(3):653–60.  



50 

128.  Samson MH. Quantitative measurements of trefoil factor family peptides: 
possibilities and pitfalls. Scand J Clin Lab Invest. 2013 Apr;73(3):193–202.  

129.  Im S, Yoo C, Jung J-H, Choi HJ, Yoo J, Kang CS. Reduced expression of 
TFF1 and increased expression of TFF3 in gastric cancer: correlation with 
clinicopathological parameters and prognosis. Int J Med Sci. 
2013;10(2):133–40.  

130.  Casado E, Garcia VM, Sánchez JJ, Gómez Del Pulgar MT, Feliu J, Maurel J, 
et al. Upregulation of trefoil factor 3 (TFF3) after rectal cancer chemoradio-
therapy is an adverse prognostic factor and a potential therapeutic target. Int 
J Radiat Oncol Biol Phys. 2012 Dec 1;84(5):1151–8.  

131.  Lasa A, Garcia A, Alonso C, Millet P, Cornet M, Ramón y Cajal T, et al. 
Molecular detection of peripheral blood breast cancer mRNA transcripts as a 
surrogate biomarker for circulating tumor cells. PloS One. 
2013;8(9):e74079.  

132.  Huang Y-G, Li Y-F, Wang L-P, Zhang Y. Aberrant expression of trefoil fac-
tor 3 is associated with colorectal carcinoma metastasis. J Cancer Res Ther. 
2013 Sep;9(3):376–80.  

133.  Okada H, Kimura MT, Tan D, Fujiwara K, Igarashi J, Makuuchi M, et al. 
Frequent trefoil factor 3 (TFF3) overexpression and promoter hypomethyla-
tion in mouse and human hepatocellular carcinomas. Int J Oncol. 2005 
Feb;26(2):369–77.  

134.  Vestergaard EM, Nexø E, Tørring N, Borre M, Ørntoft TF, Sørensen KD. 
Promoter hypomethylation and upregulation of trefoil factors in prostate 
cancer. Int J Cancer J Int Cancer. 2010 Oct 15;127(8):1857–65.  

135.  Wang DG, Johnston CF, Liu WH, Sloan JM, Buchanan KD. Expression of a 
breast-cancer-associated protein (pS2) in human neuro-endocrine tumours. 
Int J Cancer J Int Cancer. 1997 Jun 20;74(3):270–4.  

136.  Yang YH, Dudoit S, Luu P, Lin DM, Peng V, Ngai J, et al. Normalization for 
cDNA microarray data: a robust composite method addressing single and 
multiple slide systematic variation. Nucleic Acids Res. 2002 Feb 
15;30(4):e15.  

137.  Smyth GK. Linear models and empirical bayes methods for assessing differ-
ential expression in microarray experiments. Stat Appl Genet Mol Biol. 
2004;3:Article3.  

138.  Benjamini Y, Hochberg Y. Controlling the False Discovery Rate: A Practical 
and Powerful Approach to Multiple Testing. J R Stat Soc Ser B Methodol. 
1995;57(1):289–300.  



51 

139.  Ma S, Dai Y. Principal component analysis based methods in bioinformatics 
studies. Brief Bioinform. 2011 Nov;12(6):714–22.  

140.  Dennis G Jr, Sherman BT, Hosack DA, Yang J, Gao W, Lane HC, et al. DA-
VID: Database for Annotation, Visualization, and Integrated Discovery. Ge-
nome Biol. 2003;4(5):P3.  

141.  Huang DW, Sherman BT, Lempicki RA. Systematic and integrative analysis 
of large gene lists using DAVID bioinformatics resources. Nat Protoc. 
2009;4(1):44–57.  

142.  Higgins ME, Claremont M, Major JE, Sander C, Lash AE. CancerGenes: a 
gene selection resource for cancer genome projects. Nucleic Acids Res. 2007 
Jan;35(Database issue):D721–726.  

143.  Van Buren G 2nd, Rashid A, Yang AD, Abdalla EK, Gray MJ, Liu W, et al. 
The development and characterization of a human midgut carcinoid cell line. 
Clin Cancer Res Off J Am Assoc Cancer Res. 2007 Aug 15;13(16):4704–12.  

144.  Björklund P, Akerström G, Westin G. Activated beta-catenin in the novel 
human parathyroid tumor cell line sHPT-1. Biochem Biophys Res Commun. 
2007 Jan 12;352(2):532–6.  

145.  Fredriksson S, Dixon W, Ji H, Koong AC, Mindrinos M, Davis RW. Multi-
plexed protein detection by proximity ligation for cancer biomarker valida-
tion. Nat Methods. 2007 Apr;4(4):327–9.  

146.  Lundberg M, Thorsen SB, Assarsson E, Villablanca A, Tran B, Gee N, et al. 
Multiplexed homogeneous proximity ligation assays for high-throughput 
protein biomarker research in serological material. Mol Cell Proteomics 
MCP. 2011 Apr;10(4):M110.004978.  

147.  Tibshirani R, Hastie T, Narasimhan B, Chu G. Class Prediction by Nearest 
Shrunken Centroids, with Applications to DNA Microarrays. Stat Sci. 2003 
Feb;18(1):104–17.  

148.  Hastie T, Tibshirani R, Narasimhan B, Chu G. pamr: Pam: prediction analysis 
for microarrays [Internet]. 2013 [cited 2014 Jan 16]. Available from: 
http://cran.r-project.org/web/packages/pamr/index.html 

149.  R Core Team. R: A language and enviroment for statistical computing. R 
Found Stat Comput. 2013.  

 



Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 975

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine.

Distribution: publications.uu.se
urn:nbn:se:uu:diva-219136

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2014


	List of Papers
	Abbreviations
	Introduction
	Clinical features of small intestinal neuroendocrine tumours
	Diagnosis and treatment
	The human genome
	Tumourigenesis
	Molecular aberrations in SI-NETs
	Epigenetics
	DNA methylation
	Histone modifications
	microRNAs
	Imprinting
	Epigenetic therapeutics

	ACTG2 and miR-145
	TCEB3C (Elongin A3)
	Mindin
	Decoy receptor 3
	Trefoil factor 3

	Aims of the study
	Materials and Methods
	Tissue specimens
	DNA/RNA preparations
	Quantitative RT-PCR
	Gene copy number analysis
	Immunohistochemistry
	Immunofluorescence
	Western blotting
	Gene expression array and analysis
	Gene ontology enrichment- and gene network analysis
	Cell culturing
	Drug treatment of cell cultures
	Transfection experiments
	Cell viability and apoptosis assays
	Colony formation assay
	Primary cell preparation
	Bisulfite pyrosequencing
	Proximity ligation assay
	ELISA
	Statistical analyses

	Results and Discussion
	Paper I. Different gene expression profiles in metastasising midgut carcinoid tumours
	Paper II. A plausible role for actin gamma smooth muscle 2 (ACTG2) in small intestinal neuroendocrine tumourigenesis
	Paper III. TCEB3C a putative tumour suppressor gene of small intestinal neuroendocrine tumours
	Paper IV. Novel serum biomarkers in small intestinal neuroendocrine tumours

	Concluding remarks
	Summary of the thesis in Swedish
	Acknowledgements
	References



