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Abstract 
 
Sanja Jurcevic (2015): MicroRNA expression profiling in endometrial   
adenocarcinoma. Örebro Studies in Medicine 118, 53 pp.  
 
Endometrial cancer is the most common gynecological malignancy and 
the fourth most common cancer among women. In this thesis, the focus 
has been on studies of miRNA expression in endometrial cancer.  

We have created the database miREC, which integrates available data 
about miRNAs and their target genes, specifically targets that are in-
volved in the development of endometrial cancer. The database will be 
used to map linkages between miRNAs and their target genes in order to 
identify specific miRNAs that are potentially important for the develop-
ment of EC. 

The quantitative polymerase chain reaction (qPCR) is one of the most 
common methods used for microRNA expression analysis, since it is 
highly specific and allows quantitative detection of small changes in gene 
expression. Several factors influence the variability of qPCR expression 
values, such as the amount and quality of the starting material. Thus, it 
is important to apply a suitable normalization strategy in the data analy-
sis, which can be  the use of stably expressed endogenous control genes. 
The results showed that U87 and snoRNA were the most appropriate 
control genes for use in miRNA expression analyses.  

In order to determine the expression profile of miRNA in endometrial 
adenocarcinoma, we have measured the expression levels of 742 miR-
NAs in human tumor and normal tissues. Among these, 138 miRNAs 
were identified as differentially expressed between cancer and normal 
endometrium samples. Validation of 25 differentially expressed miRNAs 
was confirmed by real-time quantitative PCR. Based on the result of the 
expression studies, we choose to further investigate the role of mir-34a 
as a potential marker for endometrial adenocarcinoma. We performed 
transfection studies, and from our data it appears that mir-34a inhibits 
cell proliferation by down-regulating the target genes NOTCH1 and 
DLL1.  
 
 
Keywords: Endometrial cancer, microRNA, BDII rat model, normalization, 
endogenous controls.   
 
Sanja Jurcevic, Institutionen för hälsovetenskap och medicin 
Örebro University, SE-701 82 Örebro, Sweden, sanja.jurcevic@his.se 
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Background 

Cancer 
Cancer is caused by genetic changes and is therefore considered as a genet-
ic disease, which is characterized by uncontrolled cell division. Tumors 
can arise in almost all tissues in the body and are classified as benign or 
malignant. Tumors are denoted as benign as long as the tumor cells do not 
spread to other tissues and organs in the body. Malignant cells, on the 
other hand, have the ability to invade surrounding tissues and spread to 
distant parts of the body to generate metastases, and are denoted as can-
cer. The development of cancer is due to fundamental changes [1, 2] in cell 
physiology that together dictate malignant growth:   
 

1. Self-sufficiency in growth signals. Tumor cells have the capacity to 
proliferate without need for external growth signals. 

2. Insensitivity to anti-growth signals. Tumor cells resist growth in-
hibitory signals, which would otherwise stop their growth. 

3. Evasion of apoptosis. Tumor cells do not undergo programmed cell 
death under conditions where normal cells do. 

4. Limitless replicative potential. Normal cells have limited capacity 
to replicate while tumor cells have found ways around this limit. 

5. Sustained angiogenesis. Tumor cells induce the growth of blood 
vessels that provide nourishment to tumors. 

6. Tissue invasion and metastasis. Tumor cells invade adjacent tissue 
and spread to distant sites. 

7. Deregulation of cellular energetics. Tumor cells develop the ability 
to reprogram glucose metabolism by shifting their energy produc-
tion largely to glycolysis. 

8. Avoiding immune destruction. Tumor cells develop mechanisms to 
avoid recognition and destruction by the immune system. 

 
The five most common cancers in human are carcinoma, sarcoma, mye-
loma, lymphoma and leukemia.  Carcinomas are solid tumors of epithelial 
origin, i.e. cancer of the internal or external lining of the body, and ac-
count for 80% of all cancer cases. Sarcomas are malignant neoplasms that 
arise in connective and supporting tissues, such as muscle or bone. Mye-
lomas are cancers that arise in the bone marrow and affects plasma cells.  
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Lymphomas are blood cancers that originate in the organs and tissues of 
the lymphatic system including lymph nodes, spleen or tonsils.  Leukemia 
or blood cancer causes the uncontrolled production of white blood cells 
that do not reach their mature form, but can affect the production of red 
blood cells [3].  

Most cancers are monoclonal in origin, meaning that each tumor arises 
from a single cell. Tumor development is a multistep process that includes 
initiation, promotion and progression. The initiation step is an irreversible 
event that always involves a genetic change caused by an exogenous agent, 
or inherited genetic changes (less common). The genetic changes that oc-
cur during tumor development make the genomes of the tumor cells un-
stable, which lead to an increased risk of subsequent changes (Figure 1). 
Changes in the genes that are responsible for control of cell growth lead to 
the emergence of clones with properties that are associated with tumor cell 
progression. Further accumulation of genetic alterations allows the out-
growth of clones with metastatic potential [4, 5]. 

Figure 1. Tumors develop by a complex multistep process of genetic changes. 
Thus, by successive accumulation of genetic alterations, normal tissues are con-
verted into tumors.  

The endometrium and endometrial cancer 

The normal endometrium 
The endometrium comprises the inner mucous membrane of the uterus 
covering the uterus cavity (Figure 2). Throughout the reproductive life, the 
endometrium undergoes morphological changes, which prepare it for im-
plantation of the embryo, in case fertilization would occur [6].  

The endometrium is subdivided into two layers, the stratum functionale 
(functional layer) and the stratum basale (basal layer). The functional 
layer is the thicker layer of the endometrium, which surrounds the lumen 
of the uterus. This layer is part of the endometrium in which cyclic chang-
es occur and which is sloughed off at menstruation. The deep basal layer is 
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rather thin and lies directly on the myometrium. The basal layer does not 
exhibit significant changes during the menstrual cycle and acts as the re-
generative source of the stratum functionale [7].  

 
 

Figure 2. The female reproductive system includes fallopian tubes, ovaries, uterus, 
cervix and vagina. The uterus has an inner lining called the endometrium and a 
muscular outer layer called the myometrium.  

The blood supply of the endometrium comes from the uterine arteries. 
Branches from uterine arteries pass to the endometrium and form the 
straight arteries and spiral arteries. Long spiral arteries give a capillary 
network that supplies the glands in the functional layer and the short 
straight arteries supply the basal layer. In contrast to the straight arteries, 
the spiral arteries are responsive to the hormonal changes during the men-
strual cycle [8].  

Endometrial cancer 
Endometrial cancer (EC) is the fourth most common cancer among wom-
en and the most frequently diagnosed gynecologic malignancy. According 
to the Swedish Cancer Registry around 1400 women developed endome-
trial cancer in 2011, which accounts for 5.2% of all diagnosed cancer 
cases among Swedish women [9].  
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Most ECs are endometrial adenocarcinomas (EAC), meaning that they 
originate from cells that form the glands of the endometrium. This malig-
nancy can be classified into two main subtypes based on clinicopathologi-
cal and molecular characteristics [10]. The most common type, type I, is 
associated with oestrogen stimulation and accounts for approximately 
75% of the cases. Type I tend to be lower grade tumors that have arisen 
from endometrial hyperplasia. Type II, on the other hand, is oestrogen 
independent and the incidence age of this type of cancer tend to be higher 
than for type I. The type II malignancies generally comprise high grade 
tumors that have arisen from atrophic endometrium [11]. Moreover, it has 
been found that the molecular alterations involved in the development of 
type I tumors differ from those of type II tumors. Type I tumors often 
exhibit microsatellite instability [12] and mutations in PTEN [13, 14], 
KRAS [15] and CTNNB1 [16], while type II tumors are commonly associ-
ated with abnormalities of TP53 [17]. 

 
When a woman is diagnosed with endometrial cancer, the primary treat-
ment is to surgically remove the tumor. Further treatment of the patient is 
dependent on prognostic factors such as tumor type and tumor stage. In 
order to find the most appropriate treatment for a patient, it is important 
to classify the tumor. Improved understanding of the molecular events that 
govern the development of endometrial cancer can lead to identification of 
biomarkers that can be of potential use as diagnostic and prognostic 
markers. Identification of molecular biomarkers for the disease will addi-
tionally allow early detection, and enable a more specific diagnosis and 
prognosis as well as prediction of the clinical outcome.  
 

Animal inbred models 
Cancer is a complex disease, where the development of a malignancy de-
pends on genetic as well as environmental factors. Thus, it may be difficult 
to detect the genetic alterations that are responsible for the development of 
the cancer under study in a human heterogeneous population. Animal 
models, preferably inbred strains, can be powerful tools to decipher path-
ways and genes involved in tumorigenesis. Members of an inbred strain 
are genetically identical and can be kept in a controlled environment. Ac-
cordingly it is easier to identify the crucial gene alterations involved in the 
development of complex diseases such as cancer. Due to the high conser-
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vation, the findings in a model system can easily be transferred to corre-
sponding human diseases through comparative mapping [18].   

Because of the physiological similarities between rat and human, rat 
(Rattus norvegicus) is commonly used as model in biomedical research 
[19], and today, more than 500 inbred rat strains models of human com-
plex diseases exist [18]. The first genetic experiments, performed in 1877, 
were focused on studies of inheritance of coat colour. The first rat strain 
PA, was created by King in 1909, and since then hundreds of inbred rat 
strains have been developed for different diseases [20]. 

In four inbred rat strains (BDII/Han, Wistar/Han, Donryu/Han and 
DA/Han) the incidence of endometrial adenocarcinoma is high. Females of 
the BDII inbred rat strain spontaneously develop hormone-dependent 
endometrial adenocarcinoma at a very high frequency as more than 90% 
of virgin females develop this type of cancer during their lifetime. Also 
female animals from the other three strains (Wistar/Han, Donryu/Han and 
DA/Han) spontaneously develop EAC during their lifetime, but with lower 
incidence rates of 39%, 35% and 60% respectively. Thus, the BDII rat 
model provides a suitable model system for genetic analysis of this malig-
nancy [21, 22].  

MicroRNA 
MicroRNAs (miRNAs) represent a class of short single-stranded RNA 
sequences, which post-transcriptionally regulate gene expression by bind-
ing to a target messenger RNA [23]. During a genetic screening of the 
developmental progress in C. elegans, the first miRNA, lin-4, was discov-
ered in 1993 by Viktor Ambros and his colleagues. The lin-4 gene does 
not code for a protein, but is rather transcribed into a 22 nucleotide RNA. 
It was shown that this small RNA, lin-4, acts as a translational repressor 
of lin-14 by binding to the 3'untranslated region (3’ UTR) of the gene 
[24]. Since then, many more miRNAs have been identified in almost all 
organisms and their crucial role as post-transcriptional regulators of gene 
expression has been revealed.  

At present, 2588 human and 765 rat mature miRNAs are listed in the 
official registry miRBase (http://www.mirbase.org). According to their 
genomic locations, miRNAs can be categorized into five groups according 
to location [25]. Thus miRNAs can be located: 
 

• In introns of protein coding genes 
• In introns of noncoding genes 
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• In exons of protein coding genes 
• In exons of noncoding genes 
• Between genes (intergenic miRNAs) 

 

Many miRNA genes are grouped in clusters, meaning that they are located 
within a short distance on a chromosome. These miRNA clusters are tran-
scribed as polycistronic primary transcripts, which can be up to ten 
kilobases long. Recent studies show that miRNA in the same clusters to a 
very high degree regulate the same genes [26].  

MicroRNA biology 
MicroRNA genes are initially transcribed by RNA Polymerase II that re-
sults in the production of unclustered monocistronic or clustered 
polycistronic miRNA precursors, which are known as primary miRNA 
transcripts (pri-miRNAs). A pri-miRNA is composed of a double-stranded 
stem of about 33 base pairs that is divided into a terminal loop, a lower 
stem, an upper stem, and two flanking single-stranded sequences [27], 
where the upper stem contains the mature miRNA. After transcription the 
primary transcripts (pri-miRNAs) are cleaved to precursor miRNAs (pre-
miRNA) by the microprocessor complex, which is composed of an RNase 
III enzyme Drosha and its cofactor protein DGCR8 in the nucleus.  Fol-
lowing the processing in nucleus, pre-miRNA is exported to the cyto-
plasm, by the transporter Exportin-5 and the nuclear protein Ran-GTP.  
In the second step, pre-miRNAs are cleaved by the enzyme Dicer, resulting 
in a duplex (miRNA: miRNA*). The mature miRNA from the duplex is 
incorporated into the RNA-induced silencing complex (RISC) and the 
complementary strand miRNA* is usually degraded. MiRNAs within the 
RISC complex bind to complementary sequences in the 3'-end of the tar-
get mRNAs. Finally the miRNA-induced silencing complex can cleave, 
degrade or block translation of the target mRNA depending of comple-
mentarity between miRNA and target mRNA. When binding between 
miRNA and target mRNA is perfect, which is most common in plants, 
miRNAs induce gene repression through degradation of their target tran-
scripts [28]. When binding between miRNAs and target mRNAs is incom-
plete, which is generally the case in mammals, regulation is achieved 
through inhibition of translation and/or deadenylation, followed by desta-
bilization of the target (Figure 3) [29, 30].  
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Figure 3. The biogenesis of miRNA 

MicroRNAs in cancer 
MiRNAs have been found to regulate at least 60% of protein coding genes 
[31], and thus exhibiting important roles in diverse biological processes, 
including development, cell proliferation, differentiation and apoptosis. 
Consequently, deregulation of miRNAs therefore contribute to develop-
ment of a wide range of human diseases including cancer [32]. The impact 
of miRNA function in cancer was further strengthened by the discovery 
that miRNA genes are commonly located in genomic regions that have 
been deleted or amplified in human cancer [33]. Calcin and colleagues 
reported the first study that linked miRNAs and cancer in 2002, where 
two miRNAs, mir-15 and mir-16, were either absent or down-regulated in 
the majority of Chronic lymphocytic leukemia (CLL) cases [34]. By com-
paring miRNA expression in cancer cells and normal cells, the miRNA 



20  SANJA JURCEVIC MicroRNA expression profiles in endometrial adenocarcinoma 
 

expression profile has been determined in several types of cancer [35]. 
Results from these studies indicate that each type of cancer has a unique 
miRNA expression pattern [36]. Since 2002, more than 15 175 scientific 
articles (PubMed) that describe the relationship between miRNAs and 
cancer have been published.  
 

MicroRNA as prognostic markers 
The development of biomarkers for early detection of cancer is essential 
because early detection has a direct impact on prognosis and clinical out-
come. Four important observations imply that miRNAs have potential to 
become valuable diagnostic and prognostic markers in several cancers: 
 
 

• The expression of certain miRNAs significantly differs between 
malignant and matched normal tissues [37, 38].  

• MiRNA expression profiles have the ability to help discern lower 
grade versus higher-grade tumor subtypes as well as distinguish be-
tween tumor stages [39, 40].  

• MiRNAs remain largely intact in formalin fixed paraffin embedded 
tissues (FFPE), which is important since FFPE tissues are routinely 
archived in hospitals [41].  

 
MiRNA expression patterns can also be used to classify poorly differenti-
ated tumors and determine their origin [35, 42]. Lu et al., investigated 17 
poorly differentiated tumors and showed that by use of miRNA expres-
sion profiles, 12 of 17 tumors were correctly classified, while when using 
an mRNA expression profile only one tumor was correctly classified [35]. 
This is probably due to the fact that miRNAs are smaller than mRNAs, 
their slower degradation and lack of poly-A tails.  
 

MicroRNAs in endometrial adenocarcinoma 
Following the discovery of the involvement of miRNAs in human patho-
genesis, different methods have been used to demonstrate that miRNA 
expression patterns are altered in endometrial adenocarcinoma compared 
to normal endometrium [43-49]. However, the overlaps of miRNAs that 
are differentially expressed in EAC in different studies are very small, 
which could be due to the fact that material from different disease stages 



SANJA JURCEVIC MicroRNA expression profiles in endometrial adenocarcinoma  21 
  

and subgroups of patients have been used in the studies. Among the 
known miRNAs that are involved in pathogenesis of the endometrium, 
three miRNAs (mir-141, mir-183 and mir-429) were found to be deregu-
lated in endometrial adenocarcinoma compared to normal endometrium 
in at least two studies [44, 47, 49], and three (mir-200a, mir-200c and 
mir-182) were found to be deregulated in at least three studies [44, 46, 47, 
49]. 
 

MicroRNA detection  
There are several methods available to study large scale miRNA expres-
sion, where the most used are microarray technology [50] and quantitative 
Polymerase Chain Reaction (qPCR)[51]. Microarray technology can be 
used for global miRNA expression analysis, but the preferred method for 
miRNA expression analysis is qPCR, since it is highly specific and allows 
for quantitative detection of small changes in miRNA expression. The 
data from qPCR experiments can be analyzed and presented as absolute or 
relative values. Absolute quantification is usually used to determine the 
concentration of an unknown sample by comparison to a standard curve, 
and relative quantification can be used to analyze changes in gene expres-
sion based on the relative expression of the gene of interest compared to 
one or more reference genes [52]. The crucial point in determination of a 
reliable expression pattern is removal of non-biological (experimental) 
variation from true biological variation. There are several variables that 
influence the variability of qPCR expression values including the amount 
of starting material, variation in reaction efficiency, and sample purity. In 
order to deal with these factors it is important to use a suitable normaliza-
tion strategy in the data analysis. The commonly used option for normali-
zation is using stably expressed endogenous control genes [53]. 

The identification of appropriate endogenous control genes is an im-
portant initial step in expression analyses since usage of an inappropriate 
control gene for normalization may lead to misleading or false conclu-
sions. An ideal endogenous control gene should be stably expressed across 
all samples regardless of tissue type, cell type and disease stage. In studies 
of protein coding genes, where the expression of the most widely used 
control genes (ACTB and GAPDH) have been compared, the levels of 
expression differ between samples types [54]. Since a universal control 
gene that is constantly stably expressed in all cells and tissues hardly exist, 
it is important to validate the expression of endogenous control genes for 
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each study design.  Likewise, for normalization of miRNA expression data 
it is important to use control genes that share similar properties with 
miRNAs, such as the size and stability of the RNA molecule. Some classes 
of small non-coding RNAs, such as small nuclear and/or nucleolar RNAs, 
are often expressed in an abundant and stable manner, making them good 
candidate control genes [55, 56].  
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Aims of the study 
The general aim of this thesis was to identify miRNAs that are differential-
ly expressed in endometrial adenocarcinoma compared to healthy endo-
metrium.  

The specific aims of this study were to: 
 

• Provide an overview of miRNAs and their target genes that regu-
late processes in normal and malignant endometrium by collecting, 
organizing and analyzing all information available from scientific 
articles.   
 

• Identify suitable endogenous control genes for miRNA expression 
studies in a rat model of human endometrial adenocarcinoma.   
 

• Identify miRNAs that are differentially expressed in EAC com-
pared to healthy endometrium and evaluate whether any miRNAs 
are potential prognostic markers in endometrial adenocarcinoma. 
 

• Evaluate the possible involvement of mir-34a in development of 
endometrial adenocarcinoma as regulator of NOTCH1 and DLL1. 
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Material and methods 

Material 

Rat crosses and tumor material  
Among virgin females of the BDII inbred rat strain, more than 90% spon-
taneously develop endometrial adenocarcinoma (EAC) during their life-
time [22]. In a previous study BDII females were crossed to males from 
two inbred rat strains with low incidence of EAC, SPRD-Cu3/Han and 
BN/Han (hereafter SPRD and BN) as described in Roshani et al 2001 
(Figure 4) [57]. In cases of suspected tumor, the progenies were sacrificed 
and a necropsy was performed. At necropsy, tumor specimens were col-
lected from animals for cell culture establishment.  

 
 

Figure 4.  Female rats of the EAC susceptible BDII strain were crossed with males 
from strains with low EAC incidence (SPRD or BN) to produce an F1 progeny. 
Males from the F1 population were backcrossed to BDII females to produce an 
N1 generation or intercrossed in brother-sister mating to produce an F2 intercross 
generation. 
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In Paper II a total of 20 NUT endometrial cell lines derived from the back-
cross progeny (N1) were studied (Table 1). The intercross progeny (RUT) 
were not included herein. The NUT cell lines were derived from endome-
trial adenocarcinomas (EAC), or non-/pre-malignant cell lines (NME). Ten 
of the cell lines were derived from the BN cross background and ten from 
the SPRD background (Figure 4). A rat embryo fibroblast (REF) cell cul-
ture was used as normal control [57]. 
 

Table 1. The EAC cell lines used in paper II 

Tumor designation Background Tumor type 
NUT6 (BDIIxBN)xBDII EAC 
NUT43 (BDIIxBN)xBDII EAC 
NUT50 (BDIIxBN)xBDII EAC 
NUT81 (BDIIxBN)xBDII EAC 
NUT128 (BDIIxBN)xBDII EAC 
NUT48 (BDIIxBN)xBDII NME 
NUT75 (BDIIxBN)xBDII NME 
NUT110  (BDIIxBN)xBDII NME 
NUT122 (BDIIxBN)xBDII NME 
NUT129 (BDIIxBN)xBDII NME 
NUT7 (BDIIxSPRD)xBDII EAC 
NUT41 (BDIIxSPRD)xBDII EAC 
NUT42 (BDIIxSPRD)xBDII EAC 
NUT47 (BDIIxSPRD)xBDII EAC 
NUT84 (BDIIxSPRD)xBDII EAC 
NUT58 (BDIIxSPRD)xBDII NME 
NUT68 (BDIIxSPRD)xBDII NME 
NUT74 (BDIIxSPRD)xBDII NME 
NUT89 (BDIIxSPRD)xBDII NME 
NUT91 (BDIIxSPRD)xBDII NME 

NUT- tumor developed in the backcross (N1) progeny; EAC- endometrial cancer; 
NME- non-/pre-malignant endometrium  
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Human endometrial tumor material 
In papers III and IV, we investigated the miRNA expression in human 
endometrial adenocarcinoma using qPCR. A total of 50 archived FFPE 
tissue blocks of endometrial adenocarcinoma (30 samples) and normal 
endometrium (20 samples) were used in these studies. The staging of the 
tumor material was made according to the International Federation of 
Gynecology and Obstetrics (FIGO) classification system, and accordingly 
ten tumors were classified as stage I, ten as stage II, and ten as stage III. 
The normal endometrial samples were collected from patients who had 
undergone hysterectomy for nonmalignant conditions. Ten of the normal 
endometrial samples were obtained from the proliferative phase and ten 
from the secretory phase. The study was reviewed and approved by the 
Regional Ethical Committee Uppsala-Örebro (number 2011/123). 

Human cell lines 
The human endometrial cancer cell line Ishikawa and the human embry-
onic kidney 293 (HEK293) cell line were used to study the possible in-
volvement of mir-34a in endometrial adenocarcinoma, and investigation 
of the relationship between mir-34a and two of its target genes (NOTCH1 
and DLL1). The Ishikawa cell was cultured in Minimum Essential Medi-
um Eagle’s (MEM) supplemented with 5% fetal Bovine serum, L-
Glutamine and 1% Non Essential Amino Acids. HEK 293 cells were 
maintained in Dulbecco’s modified Eagle medium (DMEM) supplemented 
with 10% fetal bovine serum, L-Glutamine, 100 IU/100 μg ml−1 penicil-
lin/streptomycin. The cells were grown at 37°C in an atmosphere of 95% 
humidity and 5% CO2. 

MiRNA panels  
The ready-to-use Human Panel I and II  (Exiqon), which include 742 
miRNAs, six endogenous control genes, an inter-plate calibrator in tripli-
cates and a primer set for detection of a synthetic RNA spike-in were used 
in the experiments in Paper III. In paper IV Pick-&-Mix microRNA PCR 
panels on 96 well plates (Exiqon, Denmark) were used. The panels includ-
ed primers for 25 miRNAs, three endogenous control genes, interplate 
calibrator and the primer set for detection of a synthetic RNA spike-in. 
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Methods 

Data collection 
The miREC database (Paper I) is based on manually collected data from 
published literature. The database stores experimentally validated infor-
mation about miRNAs aberrantly expressed in EC. The database also 
contains the genes that have been identified as targets of these miRNAs by 
prediction software and/or by experiments. This data was complemented 
with information from four databases, miRecords [58], mirBase [59], 
TarBase [60], and Entrez [61]. The naming scheme for genes and miRNAs 
in miREC follows the HGNC nomenclature. 

MiRNA isolation and qPCR 
For the rat samples, total RNA including miRNA was isolated from the 
selected cell lines using a mirVana miRNA Isolation Kit (Ambion). Quality 
and quantity of the RNA samples were determined in a NanoDrop ND-
1000 Spectrophotometer (NanoDrop Technologies, USA). Total RNA 
samples were converted to cDNA and aliquoted into triplicates using 
TaqMan microRNA reverse transcription kit and TaqMan miRNA pri-
mers (Applied Biosystems). After the RT step, the real-time PCR reactions 
were performed according to the manufacturer’s instructions. All reactions 
were performed in triplicates, including the no-template control (NTC). 
The reactions were run on an Applied Biosystems 7300 Real Time PCR 
system with the following thermal cycles: one cycle of 95°C for 10 
minutes, 40 cycles with a denaturation step at 95°C for 15 seconds and an 
annealing/extension step at 60°C for 60 seconds. 

The human samples were prepared from formalin-fixed paraffin-
embedded tissue blocks. Total RNA was isolated from the tissues using a 
Recover All Total Nucleic Acid Isolation Kit optimized for FFPE samples 
(Ambion, Foster City, CA, USA). Quality and quantity of the RNA sam-
ples were determined in a NanoDrop ND-1000 Spectrophotometer 
(NanoDrop Technologies, USA) and synthesis of cDNA was performed 
using the Universal cDNA synthesis kit (Exiqon, Denmark). In brief, a 
poly-A tail was added to the 3’ end of the RNA and then cDNA was syn-
thesized using a poly (T) primer with a 3’ degenerate anchor and a 5’ uni-
versal tag. Synthetic RNA spike-in was added to all total RNA samples 
prior to labeling for later use as quality control.  Expression profiling was 
performed using the miRCURY LNA™ Universal real time microRNA 
polymerase chain reaction system.  
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All reactions were performed in a LightCycler 480 real-time PCR system 
(Roche) in 384 well plates.  

Transfection 
Ishikawa and HEL293 cells were transfected with a mir-34a inhibitor, a 
mir-34 mimic and their respective negative control. The mir-34a inhibitor, 
the mir-34a mimic and the negative controls were transfected into cells 
using Lipofectamine® RNAiMAX Transfection Reagent (Life Technolo-
gies) in antibiotic-free Opti-MEM medium (Life Technologies) according 
to the manufacturer’s protocol at a final concentration of 100μM. After 
24 hours, the medium was changed and total RNA was collected 48 h 
after transfection for further analysis. Transfection efficiency was con-
firmed with the use of a commercially available kit (Block-iT Alexa Fluor 
Red Fluorescent Oligo; Life Technologies). All transfections were carried 
out in duplicates. 

Statistical methods 
In paper II, relative quantities for each candidate endogenous gene were 
calculated using the comparative CT method [62], where the CT value 
represents the cycle number at which the fluorescence passes the defined 
threshold. In order to analyze significant differences among replicates one-
way analysis of variance (ANOVA) was performed. To further investigate 
differences in gene expression between malignant and non-/pre-malignant 
samples Student’s t-test was used. GenEx software (MultiD Analyses AB, 
Göteborg, Sweden) was used to analyze the stability of candidate genes 
with the geNorm and NormFinder algorithms [63, 64]. 

Prior to the statistical analysis, raw qPCR data in paper III and IV were 
adjusted by interplate calibration to compensate for differences between 
runs. An RNA spike-in control (UniSp6) was used to monitor the efficien-
cy of the RT reactions. The next step included identification of the most 
stable endogenous control genes by GeNorm and NormFinder, which 
were used in the subsequent normalization procedure. Hierarchical clus-
tering of the differentially expressed miRNAs was performed in the Per-
mutMatrix software [65], using Pearson correlation and average linkage 
(Paper III). Statistical differences in miRNA expression between EAC and 
normal endometrial samples were evaluated using a two-sided Student’s t-
test (p<0.001). For comparison, a Mann-Whitney test was also applied 
(p<0.001).  Furthermore, we have performed pathway analysis on validat-
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ed target genes of the differentially expressed miRNAs based on the 
KEGG database. 
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Results and discussion 

Summary of Paper I 
The aim of the study was to establish a database containing information 
about miRNAs and their corresponding target genes that have been exper-
imentally shown to be associated with EAC.  

The information stored in the database includes human miRNAs, hu-
man target genes, regulator-target connections between miRNAs and 
genes, and published references. Search forms available via the web inter-
face allow the user to search the database for genes or miRNAs. The main 
page presents a quick search option, while advanced search options can be 
found through the menu. To visualize the results, a miRNA-gene interac-
tion network can be downloaded from the result page. The network is in 
the Simple Interaction Format (SIF), so it can easily be imported and 
viewed in the free Cytoscape [66] software. Along with the network itself, 
supplementary node and edge attribute files can be downloaded and im-
ported into Cytoscape to provide database information for all genes, 
miRNAs and connections. For example, if one of the differentially ex-
pressed miRNA identified in paper III, hsa-miR-17, were specified as a 
regulator where the option  “number of regulators” were set to 3, the 
result would display the genes that are regulated by hsa-mir-17 and at 
least two other miRNAs. The network in Figure 5 shows the genes regu-
lated by hsa-mir-17, as well as all miRNAs in miREC regulating these 
genes. By importing the network and its properties into Cytoscape, it is 
possible to visualize several layers of information in a single figure. This is 
useful because it provides a way to integrate different pieces of infor-
mation regarding certain genes/miRNAs of interest. The network in figure 
5 shows that mir-17 along with several other miRNAs have verified con-
nections to a number of genes. Two of these genes are BCL2 and CCND1, 
which are regulated by hsa-mir-17 and hsa-mir-34a [67-70]. These genes 
are involved in the PI3K-Akt signaling pathway [71, 72], which often is 
altered in EAC and contributes to the development of the disease. 
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Figure 5. Network generated from a search for genes with hsa-miR-17 as miRNA 
regulator; showing hsa-miR-17 (blue), its 16 target genes (yellow) and other miR-
NAs targeting these genes (green). Edges indicate gene-miRNA relationships; with 
black edges representing verified regulation and grey edges representing predicted 
regulation. 

 
In addition to data derived from experiments on human tumor material, 
data from experiments on the BDII rat model will subsequently be includ-
ed in order to enable comparative mapping of miRNAs between rat and 
human. Previous studies on the BDII rat model have revealed that certain 
genomic changes occur in the tumors. By using the CGH (Comparative 
Genome Hybridization) method, increases or losses of genetic material 
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were detected and thus, specific chromosomal regions were identified that 
are involved in EAC pathogenesis [73]. By comparative mapping differen-
tially expressed miRNA and their target genes that were identified in hu-
man were mapped to corresponding rat chromosomes. In that way we got 
an overview of where these miRNAs and target genes are located in chro-
mosomal regions that are altered in cancer in the rat model (Figure 6). A 
large fraction of the altered human miRNAs were located in areas with 
loss or gain of genetic material in the rat, which implies that some of these 
aberrations my have a causal role in the changes of expression of miRNAs 
in EACs. 

 
In conclusion, the miREC database is a specialized data repository that, in 
addition to miRNAs and target information, keeps track of the differential 
expression of genes and miRNAs potentially involved in endometrial ade-
nocarcinoma development. By providing flexible search functions it be-
comes easy to search for EAC-associated genes and miRNAs from differ-
ent starting points, such as differential expression and genomic loci.  

Analysis of these miRNAs and their target genes may help to derive new 
biomarkers that can be used for classification and prognosis of endometri-
al adenocarcinoma. 
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Figure 6. Chromosomal copy number changes detected by CGH and location of 
differentially expressed miRNAs and target genes in rat. Bars to the right of the 
chromosome correspond gains and bars to the left correspond for loss of chromo-
somal material.  Differentially expressed miRNAs are located to the right of the 
chromosome and target genes are located to the left of the chromosome 

Summary of Paper II 
The aim of the study was to examine the expression of six candidate en-
dogenous control genes in including rat cell lines of pre/non-malignant and 
of EAC origin by means of RNA extraction, reverse transcription and 
qPCR were performed according to description above. 

In order to identify and rank the most suitable control genes the data 
was analysed by geNorm and NormFinder using the GenEx software. 
According to geNorm the most stable genes were U6 and 4,5S RNA (H) 
A, both with M = 0.714, following by U87 and snoRNA. In contrast to 
geNorm, NormFinder identified U87 and snoRNA as the two most stable 
genes following by U6 and RNA (H) B.  Clearly, there was some variation 
in the ranking of the control genes using these two algorithms. This is not 
unexpected since the two algorithms use different mathematical models 
and similar findings have been reported in other studies. However, both 
algorithms identified Y1 as the least stable gene, which was also confirmed 
by Student t-test. NormFinder also calculates the optimal number of con-
trol genes to be used for normalization, through the calculation of the 
Accumulated Standard Deviation (Acc.SD). The results showed that use of 
the five most stable genes (U6, 4,5S RNA (H) A, U87, snoRNA and 4,5S 
RNA (H) B) provides the best normalization. However, using five refer-
ence genes would be both time consuming and expensive and in addition 
require a lot of starting material. It may therefore be advantageous to use 
snoRNA and U87, which are highly ranked by both algorithms, as well as 
by the t-test. 

Differences in gene expression between malignant and non-/pre-
malignant samples reflect the stability of endogenous control genes and 
thus, a Student’s t-test was performed. No significant difference in expres-
sion between malignant and non-/pre-malignant samples was detected for 
4.5S RNA (H) A, 4.5S RNA (H) B, snoRNA and U87, but significant 
differences were found for U6 and Y1, which consistent with the ranking 
by geNorm and NormFinder (Table 2). 
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Table 2. Statistical and stability analyses of candidate endogenous control genes by 
t-test, geNorm and NormFinder 

 t-test* geNorm NormFinder  
Control 
gene 

P value Rank M Rank SD Rank Total 
rank 

U87 0.158 3 0.797 3 0.611 1 1 
snoRNA 0.937 1 0.948 4 0.662 2 1 
4,5S 
RNA(H) A 

0.194 2 0.714 2 0.886 5 3 

U6 0.023 6 0.714 1 0.696 3 4 
4,5S 
RNA(H) B 

0.373 4 1.016 5 0.773 4 5 

Y1 0.032 5 1.152 6 1.255 6 6 

*The t-test refers to differences in gene expression between malignant and non-
/pre-malignant samples  

Summary of Paper III 
In order to determine the expression profile of miRNA in endometrial 
adenocarcinoma, we have measured the expression levels of 742 miRNAs 
in 50 samples by the qPCR assay system based on LNA probes. By using 
Student’s t-test, 138 miRNAs were identified as differentially expressed 
between cancer and normal endometrium samples (p<0.001). Among the 
top differentially expressed miRNAs, mir-183 and mir-182 were the most 
up-regulated in cancer samples (fold change 39.68 respectively 30.55) 
while mir-1247 and mir-199b-5p were the most down-regulated in cancer 
samples compared to normal samples (fold change -5.72 respectively -
5.22).  

The hierarchical clustering was performed after Student’s t-test analysis. 
Clustering based on the 138 miRNAs showed that endometrial samples 
were grouped into two clusters: cluster 1 (normal samples) and cluster 2 
(cancer), with one exception; one of the cancer samples (30M) clustered 
among the normal samples.  

To examine the correlation between miRNA deregulation and different 
tumor stages we compared: stage I vs. normal, stage II vs. normal, stage III 
vs. normal and we also compared miRNA expression between those three 
stages. Eighty-seven miRNAs were differentially expressed in FIGO stage I 
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(8 down-regulated and 79 up-regulated), 110 miRNAs in FIGO stage II (3 
down- and 107 up-regulated), and 90 miRNAs in FIGO stage III (5 down- 
and 85 up-regulated) (p < 0.001).  Of these miRNAs 51 were differentially 
expressed in all three stages (Figure 7), suggesting that deregulation of 
these miRNAs are early events in tumor development. 

Figure 7. Venn diagram summarizing differentially expressed miRNAs between the 
stages 

Moreover, experimentally validated target genes of the deregulated miR-
NAs were extracted from miRecord (http://mirecords.biolead.org). Subse-
quently, KEGG pathway analysis of these target genes was performed 
using DAVID [74], which revealed several pathways relating to cancer. 

Summary of Paper IV 
The aim of the work was to verify results from the previous miRNA study 
(Paper III), and investigate the relationship between mir-34a and two of its 
target genes (NOTCH1 and DLL1).  

The expression pattern of the twenty-five differentially expressed miRNAs 
detected in the global miRNA expression profiling were subjected for further 
qPCR analysis. Among the 25 miRNAs that were tested, seven miRNAs were 
downregulated and 18 miRNAs were up-regulated compared to normal en-
dometrium (Table 3), which were consistent with previous findings.  
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Table 3. List of 25 miRNAs that are differentially expressed in endometrial adeno-
carcinoma compared to normal endometrium 

microRNA Fold change P-Value 

mir-183 15.99 3.39E-42 
mir-182 13.46 5.11E-43 
mir-429 11.40 7.68E-42 
mir-200b 8.26 7.77E-39 
mir-200a 7.38 4.23E-36 
mir-141 4.70 7.02E-29 
mir-18a 3.65 5.06E-07 
mir-200c 3.40 2.37E-30 
mir-18a* 3.03 2.72E-13 
mir-106a 2.73 1.31E-18 
mir-17 2.68 1.42E-14 
mir-34a 2.63 6.12E-15 
mir-92a-1* 2.47 1.13E-10 
mir-106b* 2.34 5.30E-15 
mir-20a* 2.34 8.48E-13 
mir-17* 1.99 2.34E-12 
mir-185 1.85 9.55E-11 
mir-1247 -5.31 2.48E-13 
mir-376c -3.64 6.41E-15 
mir-377 -3.34 2.42E-14 
mir-214 -2.90 4.90E-12 
mir-370 -2.68 2.23E-14 
mir-337-5p -1.94 2.11E-06 
mir-300 1.56 3.77E-05 
mir-758 -1.61 9.00E-05 

 
Aberrant expression of mir-34a has been observed in several cancers in-
cluding endometrial adenocarcinoma [49, 75, 76]. Based on data from 
miRBase, mir-34a regulates several genes involved in Notch signaling 
pathway. The Notch pathway is one of the basic signaling pathways that 
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regulate tissue development and can also influence a broad range of events 
including proliferation, differentiation and apoptosis in various cell types 
[77]. The Notch family consists of four receptors (NOTCH1-4) and the 
corresponding ligands (DLL1, DLL2, DLL4, JAG1 and JAG2). There are 
only few surveys concerning the Notch signaling in endometrial adenocar-
cinoma and these exhibit conflicting results. Mitsuhashi et al. reported an 
increased expression of the NOTCH1 and DLL1 proteins in endometrial 
cancer [78]. Very recently Jonusiene et al. published their study in which 
they measured the expression of NOTCH1 and DLL1 in fifty paired sam-
ples of endometrial cancer and adjacent control endometrium [79]. They 
found that the expression level of these two genes were lower in endome-
trial cancer compared to normal samples.  

The expression analysis of NOTCH1 and DLL1 included 18 FFPE 
samples, 12 cancer and 6 normal endometrium samples (see material in 
paper IV). It was revealed that the NOTCH1 expression level was signifi-
cantly lower in endometrial adenocarcinoma samples than that in normal 
endometrial samples. When endometrial adenocarcinoma samples were 
compared to the normal endometrial samples DLL1 expression was signif-
icantly reduced in endometrial adenocarcinoma. The relationship between 
NOTCH1, DLL1 and mir-34a was investigated using Pearson Correla-
tion. The Pearson correlation test showed a negative correlation between 
mir-34a and NOTCH1 (r= -0.62, p= 0.0056) and DLL1 (r=0.69, p= 
0.001).  
 
After transfection of the Ishikawa cell line, up-regulation of mir-34a led to 
a significant decrease in mRNA levels of NOTCH1 and DLL1, while 
down-regulation of mir-34a led to a significant increase in mRNA levels of 
these two genes (Figure 8A, 8B). We observed the same changes in the 
expression pattern of NOTCH1 and DLL1 when HEK293 cell line was 
transfected with mir-34a inhibitor respective mir-34a mimic (Figure 8C, 
8D). These results confirmed that mir-34a is able to target NOTCH1 and 
DLL1 and thereby influence the amount of NOTCH1 and DLL1 mRNA 
level in the cells. 
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Figure 8. Detection of NOTCH1 and DLL1 expression in transfected Ishikawa 
and HEK293 cell lines. (A) The level of NOTCH1 expression in Ishikawa cells 48 
h after transfection. (B) The level of DLL1 expression in Ishikawa cells 48 h after 
transfection. (C) The level of NOTCH1 expression in HEK293 cells 48 h after 
transfection. (D) The level of DLL1 expression in HEK293 cells 48 h after trans-
fection. 
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Conclusions 
 

• The miREC database was created to provide information about 
miRNAs and genes that are potentially involved in the develop-
ment of endometrial cancer. MiREC focuses on data that is specific 
for EAC, which makes it easier for researchers to derive disease-
specific information, e.g. miRNA-target interaction networks in-
cluding only those miRNAs that are deregulated in EAC.  
 

• The identification of suitable endogenous control genes is an im-
portant initial step in expression analysis since usage of an unstable 
control gene for normalization could result in misleading conclu-
sions. U87 and snoRNA are the most suitable endogenous control 
genes for miRNA expression analysis in rat cells. Y1 is the least 
stable gene in rat cells and should not be used as an endogenous 
control for miRNA expression analysis in rat cells. 
 

• We have identified 138 differentially expressed miRNAs between 
normal and malignant tissues. Hierarchical clustering revealed that 
the samples were in principle classified according to the feature of 
the samples (malignant or normal). Certain miRNAs are differen-
tially expressed between FIGO stages, which indicate that miRNAs 
can be used to discriminate between stages in tumor development. 
In addition, we have identified aberrant miRNAs that have not 
previously been described in connection with EAC. Some of these 
miRNAs are involved in pathways, which often are altered in EAC 
and contribute to the development of the disease. 
 

• Mir-34a is one of the miRNAs that were upregulated in the EAC 
samples and has an important role in regulation of genes involved 
in the Notch pathway. NOTCH1 and DLL1, involved in the Notch 
pathway, were down regulated in the EAC tissue samples. The con-
sistent increase in mir-34a level in EAC, accompanied by a decrease 
in NOTCH1 and DLL1 levels, suggests that mir-34a may serve as a 
molecular marker of neoplastic transformation in endometrial  
adenocarcinoma. 
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