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ABSTRACT

PHENOTYPICAL CHARACTERIZATION OF MICRORNA-106B OVEREXPRESSION
IN MCF10A BREAST CELL LINE

Saygılı, Cansaran
M.Sc., Department of Biology
Supervisor: Assoc. Prof. Dr. A. Elif Erson-Bensan
February 2013, 74 Pages

MicroRNAs are small non-coding RNAs which regulate gene expression by
binding to 3’UTR of their target mRNAs.
Deregulated expression of
microRNAs is detected in many pathologies including different types of
cancers. miR-106b, is a member of miR-106b-25 cluster and overexpressed in
many cancers including breast cancer. Based on miR-106b overexpression,
we hypothesized that miR-106b may be an oncogene candidate. To explore
miR-106b related phenotypes, we used an already miR-106b transfected
model cell line system. Stably transfected MCF10A cells were investigated for
alterations in cell growth, motility, migration and invasion. Our results showed
that miR-106b overexpression caused increased growth motility and
migration. On the other hand, based on matrigel invasion assay miR-106b
expression caused a reduction in cell invasion. Further studies are needed to
be performed to understand the precise role of miR-106b in breast cancer.
Studies are underway to detect possible miR-106b targets that may help to
explain these phenotypical alterations.

Key Words: Breast cancer, microRNAs, miR-106b
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ÖZ

MİKRORNA-106B AŞIRI İFADESİNİN MCF10A MEME HÜCRELERİNDE
FENOTİPİK KARAKTERİZASYONU

Saygılı, Cansaran
M.Sc., Biyoloji Bölümü
Tez Yöneticisi: Doç. Dr. A. Elif Erson-Bensan
Şubat 2013, 74 Sayfa

MikroRNA’ lar protein kodlamayan küçük RNA molekülleridir. Gen ifadesini
genellikle hedef mRNA ların 3’ protein kodlamayan bölgelerine bağlanarak
kontrol ederler. Kanser de dahil olmak üzere, pek çok hastalıkta
mikroRNA’ların ifade seviyesinde düzensizlikler saptanmıştır. miR-106b-25
kümesinin bir üyesi olan miR-106b’nin ifadesinin meme kanseri de dahil olmak
üzere pek çok kanser türünde arttığı gösterilmiştir. miR-106b seviyesindeki
artışlar göz önüne alınarak, miR-106b olası bir onkogen olarak
düşünülmüştür. Bu nedenle, daha önce oluşturulmuş miR-106b transfekte
edilmiş bir hücre hattı modeli kullandık. Kalıcı olarak transfekte edilmiş
MCF10A hücreleri ; hücre büyümesi, hareketliliği, migrasyonu ve invasyonu
açısından incelenmiştir. Elde edilen bulgular, miR-106b ifadesindeki artışın
hücre büyümesini, hücrelerin hareketini ve migrasyonunu arttırdığını
göstermiştir. Öte yandan, miR-106b‘nin invasyonu azalttığı matrigel invasyon
deneyleri sonucunda gösterilmiştir. miR-106b’nin meme kanserindeki rolünü
tam olarak anlayabilmek için pek çok çalışmanın yapılması gerekmektedir.
Gözlemlediğimiz fenotipik değişiklikleri açıklayabilmek için olası miR-106b
hedef mRNA dizileri araştırılmakta ve bununla ilgili çalışmalarımız devam
etmektedir.

Anahtar Kelimeler: Meme kanseri, mikroRNA, miR-106b
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CHAPTER 1

INTRODUCTION

1.1 microRNAs
microRNAs (miRNAs) were discovered in 1993 in a study focusing on
developmental timing in Caenorhabditis elegans 1. Following this study,
microRNAs were discovered in other organisms such as Drosophila
melanogaster 2, mammals 3, plants 4 and viruses 5. miRBase (a database for
microRNAs) Release 19 , as of August 2012, contains 21264 entries
representing hairpin precursor miRNAs, expressing 25141 mature miRNA
products, in 193 species 6 (http://www.mirbase.org/). For Homo sapiens 1600
precursor and 2042 mature microRNA sequences have been submitted to
miRBase.
Based on a study conducted on plant miRNAs, miRNAs were predicted to be at
least 400 million years old 7. Being evolutionarily ancient and conserved
among different species, a maintained role for miRNAs throughout evolution
might be suggested.
1.1.1 Biogenesis of microRNAs
miRNAs are 19-22 nucleotide long, single stranded RNAs that play roles in
gene regulation 8. Most miRNAs are transcribed by RNA polymerase II (Pol II)
into primary miRNA transcripts (pri-miRNA) 9. The specific feature of RNA Pol
II transcribed miRNAs is the presence of 3’ poly A tail and 5’ cap. The length
of pri-miRNA transcript varies from several hundred to several kilobases 10.
Small proportion of miRNAs -that are found in downstream of Alu elementsare thought to be transcribed by RNA polymerase III (Pol III) 11. Conversely,
the miRNAs that were found to be associated with RNA polymerase III in the
previous study 11 , was not confirmed in another study 12. Instead two other
microRNA genes, miR-886 and miR-1975, were suggested as RNA Pol III
transcribed microRNAs 12.
Stem-loop structure of pri-miRNAs is processed in nucleus to form precursor
hairpin miRNA (pre-miRNA) by endonucleolytic cleavage of nuclear
microprocessor complex 13. This complex is formed from RNase III enzyme
(Drosha) and DGCR8 (DiGeorge critical region 8) protein (also known as
Pasha (Partner of Drosha) in D. melanogaster and C. elegans) 14,15,16.
DGCR8/Pasha is a 120 kDa protein and contains two double stranded RNA
binding domains 16,17. Drosha is a 160 kDa protein and contains two tandem
RNase III domains (RIIIDs) which are critical for catalysis 18. A regular
human pri-miRNA has a hairpin stem of 33 base-pairs, a terminal loop and
1

two single stranded flanking regions (at upstream and downstream of flanking
regions). Flanking regions and hairpin stem are critical for DGCR8 binding and
Drosha cleavage 19. DGCR8 stably interacts with pri-miRNA and behaves as a
ruler to determine the exact cleavage site. Next; Drosha, an RNase, cleaves
at a site 11 base pair away from the single-stranded-double stranded RNA
junction. Hence, Drosha processing results with a 2 nucleotide overhang at
the 3’end of pre-miRNA and this overhang is required for successful export
from nucleus 20 (Figure 1.1).

Figure 1.1. Model for the processing of pri-miRNA by Drosha. 33 bp stem of
pri-miRNA contains two parts designated as lower (11 bp) and upper (22 bp)
stems. DGCR8 recognizes the pri-miRNA substrate from ssRNA-dsRNA
junction. After the recognition step, Drosha interacts with substrate for
catalysis. The processing center (yellow circle) of Drosha is positioned at ~11
bp from the basal segment. Cleavage results in pre-miRNA with a 2 nucleotide
overhang at the 3’ end (Taken from 20).
2

Export of pre-miRNA into the cytoplasm is performed by Exportin-5 in
complex with Ran-GTP 21. Once pre-miRNA is in the cytoplasm, it is exposed
to the second processing step by Dicer (RNase III enzyme in cytoplasm) to
form a ~22 nt long mature microRNA 22,23. Dicer is a multi-domain protein
which contains the N-terminal DEAD-box helicase domain -responsible for
separation of double-stranded duplex- , the Piwi-Argonaute-Zwille (PAZ)
domain -binds to 3’ flanking end in pre-miRNAs- , two RNase III domains
(RIIIA and RIIIB) and the C-terminal dsRNA binding domain (dsRBD) 17,24
(Figure 1.2).

First ruler

Terminal
loop

3’ overhang

Second ruler
Figure 1.2. Model for cleavage of pre-miRNA by Dicer. Via its PAZ (PiwiArgonaute-Zwille) and helicase domains, Dicer checks the distance from 3’
overhang to the terminal loop of pre-miRNA (First ruler). Then, via its RNase
III domains cut the pre-miRNA at a fixed distance 22 nt (second ruler) from
the 3’overhang (Taken from 25).

Structure of pri-miRNA and cleavages sites for Drosha and Dicer are shown in
Figure 1.3.

3

Figure 1.3. pri-miRNA structure. A pri-miRNA can be divided into four parts:
basal segments, lower stem, upper stem and a terminal loop. Cleavage sites
of Drosha and Dicer are indicated with black and yellow arrows, respectively
(Taken from 20).

After formation of ~22 nt long mature miRNA duplex intermediate, this
complex is loaded into a multi-protein complex named as RNA-induced
silencing complex (RISC). RISC is composed of Dicer, TRBP (human
immunodeficiency virus-1 trans-activating responsive element (TAR) RNAbinding protein), and Argonaute2 (Ago2) proteins 26. In theory, the miRNAduplex could give rise to two different mature miRNAs, though only one
miRNA strand (guide strand) is usually incorporated into RISC, whereas the
other strand (passenger strand or miRNA*) is degraded 27. In the miRNA
strand selection process, thermodynamic stability of the strands is thought to
play an important role 28. In some rare cases both miRNA and miRNA* may
be functional and may target different mRNAs in a tissue dependent manner
29
. Biogenesis of microRNAs is summarized in Figure 1.4.

4

Figure 1.4. microRNA biogenesis. microRNAs are transcribed by RNA
polymerase II into pri-miRNA transcripts, then recognized by Drosha and
cleaved into pre-miRNA (a). pre-miRNA is transported into the cytoplasm by
exportin 5 (b). In the cytoplasm pre-miRNA is processed by Dicer into mature
miRNA and only one strand of mature miRNA is incorporated into RISC (c).
Depending on complementarity between miRNA and target , mRNA is cleaved
or translation is inhibited (d) (Taken from 30).

A non-canonical pathway for microRNA biogenesis was also described
in Drosophila melanogaster 31 and Caenorhabditis elegans 32. This pathway is
called the “mirtron” pathway. Mirtron loci (short introns which have hairpin
potential) give rise directly to pre-miRNA hairpin mimics which circumvent
Drosha cleavage. After splicing and debranching, mirtrons can join the
canonical pathway at nuclear export stage and then get cleaved by Dicer and
form the miRNA/miRNA* duplexes 33 (Figure 1.5). Number of evidence for
mammalian mirtrons is also increasing 34,35.

5

pre-miRNA

Figure 1.5. Schematic diagram showing differences and similarities between
canonical and mirtron miRNA biogenesis. Canonical miRNA biogenesis
pathway: Drosha/Pasha (or DGCR8 in vertebrates) cleavage forms premiRNA. Mirtron pathway: Introns are spliced and lariats are formed. Lariats
that are ~65 nt in length are debranched by lariat debranching enzyme and
pre-miRNA is formed. Lariats that are longer than 65 nt are not added to
miRNA flux. After pre-miRNA is transported to the cytoplasm, it is processed
by Dicer and mature miRNA is formed and loaded onto RISC (Taken from 36).

1.1.2 Different Ways of Gene Regulation by microRNAs
Almost 60% of human protein coding genes are thought to be regulated by
miRNAs 37. Common mechanism in gene regulation by miRNAs is posttranscriptional regulation of gene expression 38. miRNAs exert their effect by
usually binding to 3’ untranslated region (UTR) of mRNAs 39 and in some
cases miRNAs are found to bind 5’UTR 40,41 or coding regions of their targets
42
. Post-transcriptional regulation can occur by two different mechanisms:
mRNA degradation or translational repression 8,42. Perfect binding of miRNAs
to targets result in mRNA cleavage, in plants 43,44. On the other hand, few
studies showed perfect binding of miRNAs to targets in animals as well, which
causes mRNA degradation 45,46. Translational repression; on the other hand, is
commonly observed in animals and occurs via imperfect binding of miRNA to
target mRNA 3’ UTR 47.

6

Imperfect binding of miRNAs to their targets is feature of animal miRNAs.
Although it is stated as ‘imperfect’, there is a highly conserved region of
perfect match between miRNA and mRNA target termed as ‘seed region’.
Seed region starts from the 2nd nucleotide of the miRNA. Length of this seed
region varies between 6 to 8 nucleotides. Although repression efficiency of
miRNAs is dependent on some features of 3’ UTR (such as nucleotide
composition and position of target region in 3’ UTR sequence), usually the
efficacy is highest in 8-mer and lowest in 6-mer sites 48,49 (Figure 1.6).

Figure 1.6. miRNA seed sequences and miRNA binding types in human. ORF:
Open Reading Frame. 7mer-m8 contains the seed match enhanced by a
match to miRNA nucleotide 8. 7mer-A1 contains the seed match enhanced by
an A at target position 1 (Taken from 48).

Due to the short length of seed sequence, a single miRNA can potentially
target several mRNAs. For this reason in silico methods are used to predict
miRNA targets. TargetScan 37,48,50,51, PITA 52, PicTar 53, FindTar3 54,55 are
most commonly used target prediction tools.
In addition to post-transcriptional gene regulation, miRNAs can exert their
effect at transcriptional level. They can modulate gene expression by directly
7

inducing epigenetic modifications of target gene promoters 56. Transcriptional
gene silencing by miRNAs was reported in yeast, plants, mammals 57,58 and in
human 59, through de novo DNA methylation or chromatin modification. For
instance, HOXD4 expression in breast cancer was found to be inhibited
transcriptionally by miRNA-10a. This inhibition was achieved by DNA
methylation of HOXD4 promoter 59. Different effects of miRNA on gene
regulation are summarized in Figure 1.7.

Figure 1.7. Gene regulation by microRNAs. Post-transcriptional regulations
can be in two different ways; mRNA degradation or translational inhibition.
mRNA degradation is commonly observed in plants with perfect binding of
miRNA to target mRNA. Translational regulation is mostly seen in animals in
which translation of mRNA is inhibited by binding of miRNA to its target
mRNA. In transcriptional regulation, miRNA binding recruits histone
methyltransferases (HMT) which methylates histones and cause inhibition of
transcription (Adapted from 57).

1.1.3 microRNAs and cancer
The first data linking miRNAs and cancer was published in 2002 60. miR-15
and miR-16 are located on a region (13q14) that is lost in more than half of B
cell chronic lymphocytic leukemias (B-CLL). Detailed deletion and expression
analysis indicated that both miR-15 and miR-16 is deleted or down-regulated
in 68% of CLL cases. In further studies, anti-apoptotic gene BCL2 was shown
as target for these miRNAs 61.
In following studies 186 miRNA genes
instability regions. Out of the 186 miRNA
found to be located on fragile sites that
more recent studies, number of identified
8

have been mapped to genomic
genes, 98 of them (52.5%) were
are associated with cancer 62. In
miRNAs increased and out of 715

miRNA genes 242 miRNA genes (33.8%) were found to be located on cancer
related chromosome fragile sites. Moreover, from those 715 genes 317 of
them were positioned within genes that are translocated in cancer 63.
After these studies, indicating involvement of miRNAs in tumorigenesis, many
sophisticated tools have been developed to compare miRNA profiles of normal
and cancer cells 64. Commercial miRNA microarrays, bead-based flow
cytometry miRNA analysis 65 and high-throughput deep sequencing enabled
development of miRNA profiles for normal vs cancer cells 66. These highthroughput methods showed the striking difference in miRNA profiles of
cancer and normal tissue. Moreover, with these methods different subtypes of
cancers can even be discriminated based on miRNA profiles 67,68.
Complexity of gene regulation by miRNAs increases with the fact that a single
miRNA can target more than one mRNA (as many as 200 targets) and a single
mRNA can be regulated by more than one miRNA 53,69. By regulating a diverse
set of genes, miRNAs may potentially affect various aspects of cancer cells;
such as self-sufficiency in growth signals, evasion from apoptosis, insensitivity
to anti-growth signals 70. Therefore, miRNA deregulation can contribute to
tumorigenesis in several ways.
miRNA expression can be deregulated due to different reasons. Genomic
abnormalities (amplification, deletion, translocation, etc.) may cause changes
in miRNA expression. In addition to genomic abnormalities, deregulated
miRNA expression can result from epigenetic changes. It was shown that half
of the genomic sequences of miRNA genes are concomitant with CpG islands
71
. Moreover, some miRNAs were shown to be up-regulated upon exposure of
cells to the demethylating agent 5-aza-2′-deoxycytidine 72, upon mutation of
DNMTs (DNA methyltransferases) 73 or upon HDAC (histone deacetylase)
inhibitor treatment 74. Another important epigenetic alteration that causes
deregulated miRNA expression is hypermethylation of promoters. miR-127,
for example, was shown to be silenced in bladder cancer cell lines and
patients by promoter hypermethylation 75.
Another factor that affects miRNA expression is transcriptional regulators of
miRNAs. Two well-known examples to this regulation are related with TP53
and MYC. TP53 induces the expression of the tumor suppressor miR-34
cluster 76,77, whereas MYC transactivates miR-17-92 cluster 78.
Owing to alterations in miRNA expression, levels of potential mRNA targets
will vary under different physiological states of a cell. Like a protein-coding
gene, miRNAs can act as tumor suppressors or oncogenes 30 (Figure 1.8).
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Figure 1.8. miRNAs as tumor suppressors or oncogenes. a. miRNAs that
down regulate the expression of an oncogene are defined as tumor
suppressor miRNAs and are frequently lost in cancer by mutations, deletions,
promoter hypermethylation or any abnormalities in miRNA biogenesis. miR15a, miR-16-1 and let-7a are some examples for tumor suppressor miRNAs.
Those tumor suppressor miRNAs target oncogenic mRNAs such as BCL-2 and
RAS. Low expression of tumor suppressor miRNAs result in activation of
certain pathways related with proliferation, invasion, angiogenesis and
apoptosis. b. microRNAs that downregulate a tumor suppressor are called
oncogenic microRNAs (oncomirs) and they are highly expressed in tumors by
amplification or translocation. miR-17-92, miR-155, miR-21 are shown as
examples of oncogenic miRNAs. Those oncogenic miRNAs target tumor
suppressor mRNAs such as TGFBR2. High expression of oncomirs result in
activation of certain pathways related with proliferation, invasion,
angiogenesis and apoptosis. (Taken from 79).

Similar to the miR-15 and miR-16 case in CLL 60, let-7 family of miRNAs were
down regulated in many cancers such as lung and breast cancer 80,81. let-7
family members act as tumor suppressors and inhibit well known oncogenes
such as RAS family 82. Another tumor suppressor miRNA is miR-125b,
aberrant expression of which was shown in many cancers mostly in breast
cancer 81,83,84.
One of the first described oncogenic miRNA was miR-155 85. Overexpression
of miR-155 was shown by many groups in different types of cancers: pediatric
Burkitt lymphoma 85, chronic lymphocytic leukemia (CLL) 86, acute myeloid
leukemia (AML) 87, lung 80 and breast cancer 81. In a recent study, ZNF652 (a
zinc finger transcription factor) was identified as a novel target of miR-155.
ZNF652 shows a tumor suppressor role by repressing key proteins of invasion
and metastasis 88. There are several studies showing the oncogenic role of
10

miR-21 in both hematological malignancies and solid tumors; AML 87, CLL 86,
glioblastoma 89, prostate, colon, stomach, lung and breast cancers 90. Some
confirmed targets of miR-21 are PTEN (phosphatase and tensin homolog) 91,
PDCD4 (programmed cell death 4) 92, and TPM1 (tropomyosin 1) 93. Those
proteins have tumor suppressor roles and decreased expression of them by
miR-21 causes a tumorigenic phenotype.
The miR-17-92 cluster is a well-studied microRNA family in various types of
cancer. Members of this cluster was found to be overexpressed in a variety of
cancers; breast, colon, lung, stomach, prostate, pancreas and different types
of lymphomas 90,94. This cluster promotes proliferation mainly by regulating
E2F transcription factor which has critical role in cell cycle progression 95. In
contrast, it was reported that this cluster can also act as a tumor suppressor
in some cases. Zhang and his colleagues showed deletion of miR-17-92
cluster in 16.5% of ovarian cancers, 21.9% of breast cancers, and 20.0% of
melanomas 96. These data depicted a dual role for miR-17-92 cluster; both as
an oncogene and a tumor suppressor.
List of oncogenic and tumor suppressor microRNAs in cancer are summarized
in Table 1.1.
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Table 1.1. Key microRNAs involved in cancer (Adapted from

30

).

microRNA

Function

Targets

Cancer Type

Reference

miR-15a and
miR-16-1

Tumor
suppressor

BCL2
WT1

Chronic
lymphocytic
leukemia (CLL),
prostate cancer

60, 61, 97, 98

miR-17-92
cluster

Oncogene

E2F1,
BCL2L11(Bim),
PTEN,
CDKN1A(p21)

Lymphomas, breast,
lung, colon, stomach,
pancreas cancers

90, 99, 94

let-7
(a,-b,-c,-d)

Tumor
suppressor

RASA1,
MYC, HMGA2

Lung and breast cancer

80, 81, 82, 100

miR-29
(a,-b,-c)

Tumor
suppressor

TCL1, MCL1,
DNMT3

CLL, Acute myoblastic
leukemia (AML),
lung and breast cancers,
cholangiocarcinoma

86, 80, 81, 101, 102

miR-21

Oncogene

PTEN,
PDCD4,
TPM1

breast, colon, pancreas,
lung, prostate, liver, and
stomach cancer, AML,
CLL and glioblastoma

90, 86, 91, 92

miR-372/
miR-373

Oncogene

LATS2

Testicular tumors

103

miR-34a-b-c

Tumor
suppressor

CDK4, CDK6,
CCNE1(Cyclin
E1),
E2F3

pancreatic, colon and
breast cancers

104,76

miR-155

Oncogene

MAF

CLL,
AML,
Burkitt’s
lymphoma, lung and
breast cancers

90, 80, 81, 105, 106

miR-10b

Tumor
suppressor

HOXD10

Breast cancer

107

miR-106b-25
cluster

Oncogene

CDKN1A, E2F1,
BCL2L11(Bim),
TGFB, PTEN,
SMAD7

gastric, colon, and
prostate cancer,
neuroblastoma, multiple
myeloma

108,109,110,111,112
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1.2 miR-17 family
According to mature sequence similarities, miRNAs can be grouped into
families. miR-17 family is composed of three paralogous polycistronic miRNA
clusters which are located on different chromosomes: miR-17~92 (miR-17,
miR-18a, miR-19a, miR-20a, miR-19b-1, and miR-92a-1), miR-106b~25
(miR-106b, miR-93, and miR-25), and miR-106a~363 (miR-106a, miR18b,miR-20b, miR-19b-2, miR-92a-2, and miR-363). During early vertebrate
evolution these clusters evolved via several deletion and duplication events
113
. Locations of these paralogous miRNA clusters are depicted in Figure 1.9.

Figure 1.9. Schematic representation of genomic locations of miR-17 family
members (Adapted from 110).

miR-17-92 cluster is the first cluster that was shown to have oncogenic effect
114
. Research to investigate possible roles of miR-106b-25 and miR106a-363
clusters on cancer is continuing.
1.2.1 miR-106b-25 cluster
miR-106b-25 cluster is highly conserved in vertebrates 113. This cluster
harbors three miRNAs; miR-106b, miR-93 and miR-25. All of the members of
miR-106b-25 cluster reside in 13th intron of minichromosome maintenance
complex component 7 (MCM7) gene (Figure 1.10).
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Figure 1.10. Schematic representation of miR-106b-25 cluster members in
the 13th intron of MCM7 gene (Taken from 112).

Members of this cluster are co-transcribed with the MCM7 transcript and
transcription is regulated similar to that of MCM7 gene by E2F1 transcription
factors 115.
Both precursor and mature sequences of these miRNAs differ from each other.
Seed sequences of miR-106b and miR-93 are identical, so they have the
potential to target the same mRNAs (Figure 1.11).

A
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-- uc
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||||| |||||
||||||| ||||||| | |||| ||
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uucaugg ugucacg c aucg cc u
a
ucg
g
c ug uc
B
-ca
cugggggcuc
||||||||||
ggcccccgag

u
g
ug au
aagugcu guucg gcag uag ug u
||||||| ||||| |||| ||| ||
uucacga cgagu cguc auc ac a
ccc
u
ca cc

C

a ug
ag
g
uu g
u
-- ac
ggcc g uug aggc gagac g gcaau gcu gg g
|||| | ||| |||| ||||| | ||||| ||| || c
ccgg c gac ucug cucug c cguua cgg cc u
c gu
ag
g
uu a
gu cg
Figure 1.11. Precursor structures of miR-106b-25 cluster members.
Nucleotides in red indicate mature miRNA sequences. A. pre-miR-106b hairpin
structure. B. pre-miR-93 hairpin structure. C. pre-miR-25 hairpin structure.
Same seed sequences of miR-106b and miR-93 are underlined.
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1.2.2 miR-106b-25 cluster and cancer
Deregulated expression of members of miR-106b-25 cluster has been shown
in different types of cancers. Using 20 gastric primary tumors and 6 gastric
cancer cell lines Petrocca et al. performed a miRNA microarray and identified
deregulated miRNAs in gastric cancer. Together with some others, the
members of miR-106b-25 cluster showed an upregulated expression pattern
when compared with non-tumor samples 115. Moreover, in this study it was
shown that E2F1 controlled expression of miR-106b cluster and in turn, miR106b and miR-93 regulated the expression of E2F1; so a negative feedback
loop exists in this regulation. In addition, by targeting of CDKN1A (p21) (a
negative cell cycle regulator) miR-93 was found to regulate cell cycle
progression in gastric cancer 115. miR-106b-25 cluster was also correlated
with transforming growth factor beta (TGFβ) regulated cell cycle arrest. TGFβ
ensures a coordinated cell cycle arrest and induction of apoptosis of mature
cells in gastrointestinal tract 116. Overexpression of miR-93 and miR-106b was
shown to interfere with TGFβ dependent G1-S cell cycle arrest by possibly
targeting one or more proteins in this pathway 115. In another study, CDKN1A
(p21) was shown as direct target of miR-106b in various types of solid tumors
(lung, kidney, gastric, colon, breast) 108.
Role of miR-106b-25 cluster was further evaluated by inhibition of CDKN1A
(p21) in esophageal adenocarcinoma. Esophageal cultured cells and tissues
were used in this study to have a profile of differentially expressed miRNAs. In
association with genomic amplification, miR-106-25 cluster was shown to be
up regulated in esophageal adenocarcinoma. Both in vitro and in vivo studies
showed that miR-106b and miR-93 inhibits CDKN1A at mRNA level. miR-25,
on the other hand, targets BCL2L11 (Bim) (pro-apoptotic gene) and exerts its
effect by translational inhibition. By targeting these two important cell-cycle
and apoptosis regulators miR-106b-25 was shown to has a potential
proliferative, anti-apoptotic, cell cycle promoting and tumorigenic effects 117.
Polisena et al. studied role of miR-106b-25 in prostate tumorigenesis 111.
Tumorigenic effects of these miRNAs were exerted by targeting PTEN
(Phosphatase and tensin homolog) -a tumor suppressor gene. PTEN inhibits
the PI3K-Akt pathway which is a signal transduction pathway taking role in
cell survival, cell proliferation, cell motility and angiogenesis. Therefore downregulation of this protein by miR-106-25 cluster may contribute to the
formation of tumors in prostate 111.
The function of miR-106b-25 cluster in cell cycle regulation was explained by
BCL2L11 (Bim) and E2F1 targeting in hepatocellular carcinoma (HCC). 56
pairs of HCC samples and the corresponding non-tumor liver samples were
analyzed and significant up-regulation of miR-106b-25 cluster was observed.
Effect of these miRNAs on cell proliferation was tested via miRNA inhibitors.
All three miRNA inhibitors (anti-miR-106b, anti-miR-93 and anti-miR-25) were
shown to decrease proliferation in two hepatoma-derived cell lines and one
human cervical carcinoma cell line (HeLa). Different from previous studies
(gastric cancer, prostate cancer); in HCC CDKN1A (p21) did not show a
correlation with the expression of miR-106b-25. BCL2L11 (Bim) expression on
the other hand was higher in tumors that have down-regulated expression of
miR-106b-25 cluster. E2F1 was found to be direct target of miR-106b and
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miR-93 in HCC; however E2F1 protein levels were high in miR-106b-25
overexpressing tumors. A possible mechanism was suggested for this finding,
such that miR-106b-25 cluster plays a role in regulating E2F1 expression to
limit excessive expression, which can result in apoptosis 109.
In another study conducted with laryngeal carcinoma, pro-oncogenic feature
of miR-106b was explained by the role of this cluster in cell cycle regulation.
Inhibition of miR-106b by antisense oligonucleotides showed a decrease in
proliferation of two laryngeal carcinoma cell lines and this inhibition also
resulted in G0/G1 arrest. Retinoblastoma protein (Rb), which is a tumor
suppressor and has a role in G1/S transition, was shown as direct target of
miR-106b 118.
The role of miR-106b-25 cluster in breast cancer was depicted with study of
Smith and his colleagues 112. The relation between miR-106b-25, TGFβ and
Homeobox protein SIX1 (Six1) was studied. For the first time, it was shown
that miR-106b-25 cluster can target Smad-7 – a TGFβ inhibitor- and activate
TGFβ pathway as a downstream effect of SIX1 overexpression. The overall
conclusion from this study enhanced the oncogenic role of this miRNA cluster.
miR-106b-25 cluster overcomes TGFβ mediated growth suppression and also
promote TGFβ pathway signaling in favor of tumorigenesis. Moreover, for the
first time it was revealed that this cluster can induce epithelial-tomesenchymal transition (EMT) in breast cancer 112. All of these studies
conducted in various types of cancers support the idea of pro-oncogenic
ability of miR-106b-25 cluster.
In addition to cancer, miR-106b-25 cluster was also studied in some other
pathologies such as Alzheimer's diseases (AD). miR-106b levels were shown
to reduce in sporadic AD patients. Lots of evidences suggesting a pivotal role
for TGFβ pathway in AD pathogenesis were depicted and direct regulation of
expression of TGFβ receptor II (TGFβRII) by miR-106b was shown. Therefore,
by involving into TGFβ pathway regulation, miR-106b was possibly playing
role in AD pathogenesis 119.
Involvement of miR-106b-25 cluster microRNAs was also reported in induced
pluripotent stem cells (iPSC). Together with miR-17-92 and miR-106a-363
cluster, miR-106b-25 cluster was shown to be induced in early
reprogramming phases. It was demonstrated that miR-93 and miR-106b
improve iPSC programming and regulate mesenchymal-to-epithelial transition
step and also inhibition of these miRNAs decline the reprogramming
efficiency. It was found that TGFBR2 and CDKN1A (p21) are targeted by these
miRNAs which improves iPSC induction 120.
1.3 Aim of the Study
Involvement of miRNAs in carcinogenesis of different types of tissues has
been reported so far. They have potential to regulate variety of pathways by
their tumor suppressing or promoting features. In this study, our aim was to
investigate the potential role of miR-106b in breast cancer.
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For this purpose, an already constructed non-tumorigenic immortal breast cell
line overexpressing miR-106b was used as a model system. Functional
assays were performed to examine phenotypical effects of miR-106b in our
cell line model.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Mammalian Cell Culture Conditions
MCF10A cell line was purchased from ATCC (LGC Standards GmbH,
Germany). MCF10A cells were grown in DMEM/Ham’s F12 (1:1) medium
(Biochrom,AG) containing 5% horse serum (Biochrom,AG), 20 ng/ml
Epidermal Growth Factor (EGF) (Sigma), 0.5 µg/ml hydrocortisone (Sigma),
100 ng/ml cholera toxin (Sigma), 10 µg/ml insulin (Sigma) and 1% penicillin/
streptomycin (Biochrom, AG) 121. MDA-MB-231 cell line was a kind gift from
Dr. Uygar Tazebay (Bilkent University, Ankara). MDA-MB-231 cells were
grown in Dulbecco’s MEM medium containing 10% FBS and 1%
penicillin/streptomycin. Serum and penicillin/streptomycin were added into
medium after filtrating through 0.22 µm syringe filter (Sartorius Stedium
Biotech).
Cells were grown as a monolayer at 37°C with 95% humidified air and 5%
CO2 in a HEPA filtered Heraeus Hera Cell 150 incubator and handled in a Class
II laminar flow cabinet by using appropriate cell culture techniques.
Frozen stock vials were thawed in a 37°C water bath. After thawing, the cells
were plated into a T-25 flask containing pre-warmed (37°C) appropriate
growth medium and incubated at 37°C with 95% humidity and 5% CO 2. After
24 hours, cells were washed with Hank’s salt solution (Biochrom,AG) to get
rid of dimethyl sulfoxide (DMSO) (Applichem), used for cell storage. According
to doubling times of cell lines, media were changed 2-4 times a week and
subculturing was done with trypsin-EDTA (Biochrom, AG). Cells were frozen
when they reached 90% confluency. 7.5% DMSO was used in corresponding
media for long term storage of frozen cells. Cells were frozen and kept at -80
°C for 24 hours and transferred to liquid nitrogen.
All the reagents and chemicals were cell culture grade.
2.2 Transfection of Mammalian Cells
MCF10A cells were used to generate a stable cell line that expressed miR106b. For this purpose either miR-106b-pSUPER construct or empty pSUPER
construct was transfected into cells by using FuGENE HD (Roche) in 3:2
(FuGENE:plasmid) ratio. Generation of miR-106b-pSUPER construct and
transfection into MCF10A cells were performed by a previous lab member (Dr.
Ayşegül Sapmaz). The map of pSUPER.retro.neo+GFP vector is given in
Appendix A.
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2.3 Expression Analysis of miR-106b
To detect precursor level of miR-106b (pre-miR-106b) RT-PCR was
performed. To measure mature miR-106b expression level, TaqMan microRNA
assay (Applied Biosystems) was used.
2.3.1 RNA Isolation by Trizol Reagent
Before RNA isolation, working area was cleaned by RNase away (Molecular
Bioproducts) and DNA away (Molecular Bioproducts).
To isolate total RNA, cells were grown in T-75 cell culture flasks until 70-80%
confluency. 8 ml TRIzol reagent (Invitrogen) was added onto the cells and
samples were incubated at room temperature for 5 minutes to permit
complete dissociation of nucleoprotein complexes. The lysates were
transferred into a 15 ml sterile tubes and 0.2 ml chloroform per 1 ml of TRIzol
(1.6 ml chloroform/T-75 flask) was added. Tubes were shaken vigorously for
15 seconds. After 2-3 minutes of incubation at room temperature, the
samples were centrifuged at 4700g for 20 minutes at 8°C. At the end of
centrifugation step, RNA remained in the aqueous phase. This phase was
transferred into a 15 ml sterile tube and 0.5 ml isopropanol per 1 ml of TRIzol
(4 ml isopropanol/T-75 flask) was added into this aqueous solution to
precipitate RNA. Samples were incubated at room temperature for 10 minutes
and centrifuged at 4700g for 20 minutes at 4°C following the incubation. After
this stage, RNA formed a gel-like pellet on the side and bottom of the tube.
Supernatant was removed and RNA pellet was washed with 75% ethanol.
Sample was mixed by vortexing and centrifuged at 4700g for 10 minutes.
Supernatant was discarded and washing step was repeated with 70% ethanol.
At the end of last centrifugation step, ethanol was removed carefully and RNA
pellet was left at room temperature for 20-30 minutes for drying. Pellet was
suspended in 20-50 µl RNase free water and samples were stored at -80°C.

2.3.2 Determination of RNA Quantity and Quality
Concentrations of RNAs were measured by Nanodrop (Thermo Scientific) at
260 nm. 260/280 and 260/230 ratios were checked to assess quality of the
samples. For a pure RNA sample, 260/280 ratio should be between 1.8 and 2
and 260/230 ratio should be higher than 1.8 122.

2.3.3 DNase I Treatment
The RNAs which were used in RT- PCR were treated with Deoxyribonuclease I
(DNase I) (Roche) to get rid of DNA contamination in RNA samples. Reaction
mixture is listed in Table 2.1.
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Table 2.1. DNase I reaction mixture
RNA
10 X Reaction Buffer
DNase I (10 u/µl)
RNase-free water

5 µg
10 µl
1.5 µl
Complete the volume to 100 µl

Reaction mixture was prepared on ice and mixture was incubated in 37°C
water bath for 1 hour. Reaction was stopped by adding equal amount of (100
µl) phenol: chloroform: isoamyl alcohol (25:24:1). The solution was vortexed
for 30 seconds and incubated on ice for 10 minutes. At the end of incubation
period, mixture was centrifuged for 20 minutes at 4°C at 14000g. After
centrifugation, upper phase –containing RNA- was taken into a sterile tube.
According to volume of upper phase, 1/10 volume of 3 M sodium acetate
(NaAc) and 3 volumes of 100% ice-cold ethanol was added and samples were
incubated at -20°C overnight for RNA precipitation. At the end of overnight
incubation, samples were centrifuged for 30 minutes at 4°C at 14000g.
Supernatant was discarded and RNA pellet was washed with 70% ice-cold
ethanol and centrifuged for 15 minutes at 14000g. Ethanol was removed
carefully and pellet was left to air-dry. RNA pellet was dissolved in 10-30 µl
RNase-free water. Success of DNase treatment was tested by PCR, using
GAPDH primers (Appendix B).
2.3.4 cDNA synthesis
cDNA synthesis was performed by using RevertAid First Strand cDNA
synthesis kit (Fermentas). Table 2.2 shows reaction mixture preparation and
protocol for the kit.
Table 2.2. Reaction mixture by RevertAid First Strand cDNA synthesis kit and
cDNA synthesis protocol.
RNA
1 µg
Primer (random hexamer)
1 µl
Nuclease free water
Add up to 12 µl
Total
12 µl
Briefly centrifuged, incubated at 65°C for 5 minutes, chilled on ice and briefly
centrifuged.
5X Reaction Buffer
4 µl
Ribolock RNase inhibitor (20 u/µl)
1 µl
10 mM dNTP
2 µl
RevertAid Reverse transcriptase (200 u/µl)
1 µl
Total
20 µl
Tubes were mixed and incubated at 25°C for 10 minutes, at 42°C for 60
minutes. Reaction was stopped by heating at 70°C for 5 minutes and chilling
on ice.
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2.3.4 Reverse Transcription Polymerase Chain Reaction (RT-PCR)
Precursor miR-106b primers and GAPDH primers were used. Sequences of
primers are listed in Table 2.3.
Table 2.3. List of primers used in RT-PCR. microRNA primers were precursor
structure specific.
Expected
Product Size

Primers
GAPDH
hsa-miR-106b

Forward: 5’-GGGAGCCAAAAGGGTCATCA-3’
Reverse: 5’-TTTCTAGACGGCAGGTCAGGT-3’
Forward: 5’-CCTGCCGGGGCTAAAGTGCT-3’
Reverse: 5’-TGCTGGAGCAGCAAGTACCCA-3’

407 bp
80 bp

Reaction mixture for pre-miR-106b reaction or GAPDH reaction is given in
Table 2.4.
Table 2.4. RT-PCR mixture to amplify pre-miR-106b and GAPDH.
Molecular grade water
10 x reaction buffer
dNTP mix( 2 mM each)
Forward primer (GAPDH or hsa-miR-106b) (5 µM)
Reverse primer (GAPDH or hsa-miR-106b) (5 µM)
MgCl2 (25mM)
Taq polymerase (1 u/µl) (Fermentas)
cDNA
TOTAL

14.35 µl
3 µl
3 µl
3 µl
3 µl
2.4 µl
0.25 µl
1 µl
30 µl

Cycling conditions for GAPDH PCR and hsa-miR-106b PCR are given in Table
2.5.
Table 2.5. RT-PCR cycling conditions for GAPDH and hsa-miR-106b.
95°C
95°C
62°C
72°C
72°C
4°C

2:00 min
0:30 min
0:30 min
0:30 min
10:00 min
infinite

30 cycles

15 µl PCR product was loaded onto 2% agarose gel and electrophoresed at
100V. Ethidium bromide was used for visualization of DNA under UV.
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2.3.4.1 Densitometry Analysis of RT-PCR
RT-PCR agarose gel images were analyzed using Image J program (NIH). Fold
changes calculated from empty vector transfected cDNAs for GAPDH and hsamiR-106b intensities were used to normalize fold changes of miR-106b
transfected cDNAs. Formula that was used for this calculation is given below.
⁄
⁄
2.3.5 Detection of mature miR-106b levels
To detect mature miR-106b level in MCF10A-EV (empty pSUPER transfected
MCF10A cells) and MCF10A-106b cells (pSUPER containing pre-miR-106b
sequence transfected MCF10A cells), TaqMan ® microRNA assay (Applied
Biosystems) was performed. RNAs from MCF10A-EV and MCF10A-106b cells
were isolated by using TRIzol reagent (as stated in part 2.3.1). RNAs without
DNase treatment were used to synthesize cDNA by TaqMan® microRNA
Reverse Transcription Kit. cDNA synthesis reaction mixture and protocol are
summarized in Table 2.6. cDNA synthesis was performed both for miR-106b
and small nuclear RNA U6 , RNU6B (reference gene). There are separate RT
primers for miR-106b and RNU6B. This assay was performed twice with a
total of 6 replicates.
Table 2.6. TaqMan cDNA synthesis reaction mixture and protocol.
Component
Volume
100 mM dNTPs
0.15 µl
Reverse transcriptase (50 u/µl)
1.00 µl
10x Reverse transcription buffer
1.50 µl
RNase inhibitor (20 u/µl)
0.19 µl
Water
4.16 µl
Total
7.00 µl
Mix and centrifuge the mixture and place it on ice.
Take 7 µl RT mix into tubes and add 5 µl RNA (100 ng).
Mix and centrifuge.
Add 3 µl 5X RT primer (either miR-106b or RNU6B).
Put the mixture on ice and wait for 5 min.
Start the reaction; 30 min at 16 °C , 30 min at 42 °C , 5 min
at 85 °C, 4 °C store. Use freshly synthesized cDNAs in the
reaction.

After synthesizing the cDNAs, TaqMan qRT-PCR mix was prepared. Two
different reaction mixtures were prepared; for miR-106b and for RNU6B. For
miR-106b qRT-PCR, cDNAs synthesized by using miR-106b RT primer were
used. For RNU6B qRT-PCR cDNAs synthesized by using RNU6B RT primer
were used. Reaction mixture was prepared as stated in Table 2.7.
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Table 2.7. TaqMan qRT-PCR mixture.
Component
TaqMan Small RNA assay 20x
TaqMan Universal PCR Master Mix (2x)
cDNA (from RT reaction)
water
TOTAL

Volume
0.5 µl
5 µl
0.665 µl
3.835 µl
10 µl

TaqMan Small RNA assay (20x) differs for miR-106b and RNU6B. Therefore
two different reaction mixes were prepared. Four dilutions of cDNA were used
as standards; no dilution, 1:2, 1:4 and 1:10. Cycling conditions were same for
RNU6B and miR-106b (Table 2.8). qRT-PCR was performed by using Rotor
Gene 6000 (Corbett, Qiagen) cycler. MIQE guidelines were followed in qRTPCR experiment 123 (Appendix C).
Table 2.8. Thermal cycling conditions for TaqMan qRT-PCR.
94 °C
94 °C
60 °C

10:00 min
0:15 min
1:00 min

40 cycles

cDNA synthesis and qRT-PCR are summarized in Figure 2.1.
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Figure 2.1. First strand cDNA synthesis with looped RT primer and real time
PCR with gene specific forward primers and loop specific reverse primer
(Taken from
http://tools.invitrogen.com/content/sfs/manuals/cms_042167.pdf).

Assay chemistry is summarized in Figure 2.2.
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A

B

C

D

Figure 2.2. 5’ nuclease assay process. NFQ: Nonfluorescent quencher, MGB:
Minor groove binder, R: Reporter, P: Hot-start DNA polymerase. A-B. MGB
probe anneals specifically to a complementary sequence between forward and
reverse primers. When probe is intact, quencher dye suppress the
fluorescence of reporter dye. C. Probes that are hybridized to target are
cleaved by DNA polymerase. As a result reporter dye is separated from
quencher dye and this separation cause an increase in fluorescence by the
reporter. D. Strand polymerization occurs, since 3’ end of the probe is
blocked, probe extension is not possible during PCR (Taken from
http://tools.invitrogen.com/content/sfs/manuals/cms_042167.pdf).

2.3.5.1 Analysis of TaqMan qRT-PCR results
The reaction efficiency incorporated ∆∆Ct formula was used for relative
quantification analysis 124. Equation is stated below (E stands for the efficiency
of reaction, R stands for relative expression ratio). Three independent
biological replicates with three technical replicates per experiment were used
for each qRT-PCR. The fold change was normalized against reference gene
RNU6B. Statistical analysis was performed by using GraphPad Prism program,
for analysis t-test was used.
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2.4 Functional Assays
2.4.1 Growth curve analysis
104 cells per well from both MCF10A-EV and MCF10A-106b were seeded on to
24 well plates. This starting point was defined as Day 0. Cells were trypsinized
and counted at days 0, 1, 3, 5 and 7 by the aid of a hemocytometer. Based
on counted cell numbers graph was plotted by using GraphPad Prism.

2.4.2 Cellular Proliferation Assay
To determine the effect of miR-106b on proliferation of cells, MTT cell
proliferation assay was performed. The assay is based on conversion of yellow
tetrazolium
salt
MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazoliumbromide) into insoluble purple formazan crystals by
mitochondrial reductase of viable cells 125 (Figure 2.3). For the solubilization
of formazan crystals, 10% SDS in 0.01 M HCl solution was used and
concentration of solubilized product was determined by optical density at 570
nm. This experiment was performed three times with a total of 27 technical
replicates.

Figure 2.3. Cleavage of MTT to formazan salt (Cell Proliferation Kit I (MTT),
Roche).

5x103 MCF10A cells were seeded into 96 well plates in complete growth
medium. For 0 hour time point, after cells attached to the surface of plates 10
µl MTT solution was added and after 4 hours of incubation 100 µl
solubilization buffer was added to solubilize formazan crystals. Absorbance
was measured at 570 nm by Bio-Rad microplate reader at the end of
overnight incubation at 37 °C. For 24,48,72 and 96 hour time points, MTT
solution was added 24,48,72 and 96 hours after seeding, respectively. The
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rest of the procedure was same with that of 0 hour plate. The medium with
MTT was used as blank for microplate reading.

2.4.3 In vitro Wound Closure Assay
To examine directional migration ability of the cells, in vitro wound closure
assay was performed 126. MCF10A-EV and MCF10A-106b cells were seeded
into 6 well plates and grown until they reached 90% confluency. A wound was
introduced to the cells by scratching the monolayer by the aid of 1000 µl pipet
tip. To get rid of cell debris, washing was performed with Hank’s Salt solution
twice. Cells were then grown in complete growth medium. Wound areas were
marked with a permanent marker to determine the initial size of the wound.
An image was taken right after introducing the wound and cells were left to
grow. Images were taken at 12, 24, 36 and 48 hours after the wounding
process. Cells were observed under Olympus phase contrast microscope by
using 4X objective (total magnification 40X) and Moticam 2300 camera
system attached to the microscope was used to capture images. Distances
travelled by the cells were measured by Motic ImagePlus 2.0 software. This
assay was performed three times with a total of six replicates.

2.4.4 Transwell migration assay
Transwell migration assay was performed to assess the migration ability of
the MCF10A-EV and MCF10A-106b cells. Migration assay was performed in
24-well plates using migration chambers from Greiner Bio-one.
Representation of chamber is shown in Figure 2.4.

Figure 2.4. Illustration of transwell chamber. Cells were seeded into apical
chamber and let to migrate through permeable membrane (Taken from 127).

The rationale behind this assay was to starve the cells so that they would tend
to migrate through the pores of the membrane to reach the medium that
contains more growth factors. Cells were pre-starved in low serum containing
medium (medium containing 1% horse serum) for 24 hours. After starvation
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7x104 cells were seeded onto upper chamber of transwell in 100 µl 1% serum
containing medium. 600 µl complete medium (5% horse serum) containing 5
µg/ml fibronectin was added to lower chamber (marked as basolateral
chamber in Figure 2.4). Cells were let to migrate for 24 hours through a 8 µm
pore membrane. At the end of this period, cells on the upper surface of the
membrane were removed by the aid of a cotton swab. For the fixation of the
cells on the lower surface 100% methanol was used and chamber were
incubated in methanol for 10 minutes. Fixed cells were stained with Giemsa
for 2 minutes and membranes were washed three times with distilled water.
After complete drying of membranes, they were cut out and mounted onto a
glass slide upside down position with a drop of paraffin oil. Cells on the upper
side of membrane were counted under a Leica light microscope at 40x
objective (total magnification 400x). This assay was performed three times
with a total of six replicates.

2.4.5 Matrigel Invasion assay
Matrigel (BD Biosciences) is a basement membrane matrix extracted
from Engelbreth-Holm-Swarm (EHS) mouse sarcoma and contains laminin,
collagen IV, heparin sulfate proteoglycans, TGF-β, epidermal growth factor,
insulin-like growth factor, fibroblast growth factor, tissue plasminogen
activator and some other growth factors which are naturally found in EHS
tumor 128. Matrigel is used in several types of tumor cell invasion assays 129.
To investigate invasion properties of MCF10A-EV and MCF10A-106b cells,
matrigel invasion assay was performed. MDA-MB-231 cells were used as
positive control for invasion. Assay principle is the same with migration assay.
Different from migration assay invasion assay has matrigel mimicking the
basement membrane. Matrigel was diluted 1:5 with serum free growth
medium and 100 µl diluted matrigel was added into upper chamber of each
transwell. For solidification of matrigel, inserts were incubated at 37 °C for 45 hours. Pre-starved cells were seeded onto the matrigel containing transwell
insert. 7x104 cells in 100 µl 1% serum containing medium were seeded. Cells
were let to invade for 24 hours and at the end of this step, fixation and
staining procedures were applied to the membrane as described in section
2.4.3. Cells on the upper side of membrane were counted under a Leica light
microscope at 40X objective (total magnification 400X). This assay was
performed three times with a total of six replicates.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Generation of miR-106b overexpressing stable breast cell line
To study the effects of miR-106b overexpression in breast cancer cell lines, a
miR-106b overexpression model cell line was generated and used. MCF10A
cell line is a non-tumorigenic breast epithelial cell line that is obtained from a
36 year old Caucasian female 130. Expression level of pre-miR-106b in MCF10A
cells was shown by qRT-PCR to be similar to normal breast tissue by Dr.
Ayşegül Sapmaz in our laboratory. Hence MCF10A cell line was chosen to be
transfected with a pre-miR106b overexpressing construct. Construction of
stable cell line was performed as described in materials and methods section
by Dr. Ayşegül Sapmaz (section 2.2).

3.2 Expression analysis of pre-miR106b in MCF10A-EV and MCF10A106b cells
Polyclones from empty vector (MCF10A-EV) and pre-miR-106b (MCF10A106b) overexpression vector transfected cells were selected. To check the
success of transfection, miR-106b levels were analyzed. As a first step premiR-106b (precursor miRNA transcript) expression was checked by RT-PCR.
GAPDH primers were used as housekeeping control gene (407 bp) in a
separate PCR. After agarose gel electrophoresis of the PCR products,
densitometry analysis was performed via Image J program (National Institute
of Health). Band intensities of miRNA/GAPDH PCR products were determined
for MCF10A-EV and MCF10A-106b and value of MCF10A-106b was normalized
to that of MCF10A-EV (Figure 3.1).
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Figure 3.1. pre-miR-106b expression analysis by RT-PCR in MCF10A-EV and
MCF10A-106b cells. A. Agarose gel image of 80 bp pre-miR-106b and 407 bp
GAPDH PCR products. B. Densitometry results were normalized according to
miRNA/GAPDH band intensity value of MCF10A-EV and it was set to 1
(M:Marker, NTC: No template control).

According to RT-PCR, MCF10A cells that were transfected with pre-miR-106b
vector, expressed 7.7 fold more pre-miR-106b compared to MCF10A-EV cells.
Since pre-miRNA levels may not always correlate with mature levels, we
analyzed mature miRNA levels in MCF10A-EV and MCF10A-106b cells to
confirm the overexpression.

3.3 Expression of mature miR-106b in MCF10A-EV and MCF10A-106b
cells
Mature miR-106b levels were detected by TaqMan microRNA assay according
to manufacturer’s instructions (Applied Biosystems) as described in section
2.3.5. For relative quantification, expression level of miR-106b in MCF10A-EV
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cells was set to 1. The fold change was normalized against the reference
gene, small nuclear RNA U6 (RNU6B) (Figure 3.2).

Figure 3.2. Mature miR-106b levels in MCF10A-EV and MCF10A-106b cells.
Expression level was detected using TaqMan miRNA assay. Reaction efficiency
incorporated ∆∆Ct formula 124 was used for quantification. The baseline was
set to 1 in MCF10A-EV cells. Error bar represents the SD of two independent
experiments with a total of six technical replicates. ** indicates significant
difference, p<0.01 (t test).(One replicate of this assay was performed by
Shiva Akhavantabasi).

The result of TaqMan microRNA assay clearly showed 2.4 fold increase in
mature miR-106b level in MCF10A-106b cells compared MCF10A-EV cells. This
polyclone was used in further assays.

3.4 Functional assays
To understand the effect of miR-106b expression in MCF10A cells, assays
related with proliferation, migration and invasion were performed.
3.4.1 Cellular Proliferation
3.4.1.1 Growth curve analysis
To examine the effect of miR-106b in cell proliferation, 104 MCF10A-EV and
104 MCF10A-106b cells were plated on a 24 well plate. Cells were counted on
days 1, 3, 5 and 7. Day 0 indicates the cell number at starting point (Figure
3.3).
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Figure 3.3. Growth curve for MCF10A-EV and MCF10A-106b cells. 104 cells
were seeded and recorded as Day 0. Error bars represent SD of three
independent experiments with a total of six replicates. ** indicates significant
difference between MCF10A-EV and MCF10A-106b, p<0.01 (two-way ANOVA
followed by Bonferroni posttest).

As a result of growth curve analysis, it was concluded that MCF10A-106b cells
proliferate approximately 2.6 fold more than MCF10A-EV cells (Figure 3.3).
3.4.1.2 Cellular Proliferation Assay (MTT)
Role of miR-106b on cell proliferation was further investigated by MTT assay
for MCF10A-EV and MCF10A-106b cells. Assay was performed according to
manufacturer’s instructions (Roche). MTT assay is used to determine
metabolically active cells 125. Therefore, by comparing metabolic activity,
proliferation rate of cells was inferred. The result of this assay is shown in
Figure 3.4.
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Figure 3.4. MTT assay for MCF10A-EV and MCF10A-106b cells. Error bars
represent SD of three independent experiments with a total of 27 replicates.
5x103 MCF10A-EV and 5x103 MCF10A-106b cells were seeded in 96 well plates
in MCF10A growth medium. Absorbances were normalized to that of Day 0.
*** indicates significant difference in proliferation between MCF10A-EV and
MCF10A-106b p<0.001 (two-way ANOVA followed by Bonferroni posttest).

Starting from 72nd hour, a significant difference in rate of proliferation
between MCF10A-EV and MCF10A-106b cells was observed. At the end of 96th
hour, proliferation rate of MCF10A-106b was 1.57 fold more compared to
MCF10A-EV cells. Similar results indicating increase in proliferation rate upon
miR-106b transfection has been shown in several studies. In laryngeal
carcinoma cell lines, transfection of miR-106b resulted in increased
proliferation rate 118. Similar results were obtained in mammary epithelial cells
108
, esophageal adenocarcinoma 117, hepatocellular carcinoma 109, prostate
cancer 111 and breast cancer cells 112. Consistent with these results; when
inhibited, decreased levels of miR-106b resulted with decreased proliferation
rate 108,109,117. Therefore, based on our MTT result and earlier literature on
higher proliferation rate upon miR-106b transfection, our model system was
further used for other functional assays.
3.4.2 Directional Migration Phenotype
In vitro wound closure assay is used to investigate directional cell migration
126
. This assay mimics the cell migration during wound healing process in vivo
131
. After cells reach 90% confluency, a wound was introduced with a sterile
pipet tip and distances travelled by the cells in wound closure process were
tracked until wound was closed by MCF10A-106b cells (Figure 3.5).
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Figure 3.5. Representative wound healing images of MCF10A-106b and
MCF10A-EV (total magnification: 40X). Black bars indicate initial wound
location. White bars indicate the final location that cells travelled at the end of
48 hours.

After 48 hours of introducing the wound, MCF10A-EV cells were not able to
close the wound. On the other hand, MCF10A-106b cells closed the gap at the
end of 48 hours which indicated an increase in directional migration capacity
of MCF10A cells upon miR-106b expression.
The images were taken every 12 hours by an inverted microscope with a 4X
objective. Distances travelled by the cells were calculated in terms of
percentage and graph was obtained by using GraphPad Prism Software as
shown in Figure 3.6.
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Figure 3.6. Distance travelled by MCF10A-106b and MCF10A-EV cells. Error
bars represent the SD of three independent experiments with a total of six
replicates. * indicates significant difference when p<0.05, ** indicates
significant difference when p<0.01, *** indicates significant difference when
p<0.0001 between MCF10A-EV and MCF10A-106b (two-way ANOVA followed
by Bonferroni posttest).

The result of this assay showed that, miR-106b caused an increase in motility
of MCF10A cells. Directional migration ability reflects migration ability of cells
in vivo. Therefore by wound healing assay, migration ability of cells in vivo
might be predicted.
Supporting our results; an enhanced cell migration was shown in miR-106b
transfected MCF7 cells by wound healing assay in a recent study 132. In
addition to this, another member of miR-106b-25 cluster, miR-93 (same seed
sequence with miR-106b), was shown to increase the migration ability of
endothelial cells by targeting integrin-β8 133. Since miR-106b and miR-93
have same seed sequence, enhanced cell migration phenotype upon miR106b expression could be explained by shared targets with miR-93.
3.4.3 Transwell migration assay
Invasion and metastasis are among the hallmarks of cancer as defined by
Hanahan and Weinberg 70. With the rearrangement of cytoskeletal
composition cells gain ability to migrate 134. To compare the migration abilities
of MCF10A-EV and MCF10A-106b cells, transwell migration assay was
performed. Cells were pre-starved in 1% serum containing growth media for
24 hours and then seeded onto upper chamber of transwell insert. The lower
chamber contained complete growth medium (5% serum). After 24 hours,
membranes were fixed and stained. Migrated cells were counted under a Leica
light microscope (40x objective) (Figure 3.7).
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Figure 3.7. Migration assay for MCF10A-EV and MCF10A-106b cells. A.
Representative images of MCF10A-EV and MCF10A-106b cells migrated
through membrane. Total magnification of images 400X. B. Percentage of
migrated cells through membrane at 24 hour. MCF10A-EV was set to 100%.
Error bar represents the SD of three independent experiments with a total of
six technical replicates. *** indicates significant difference between MCF10AEV and MCF10A-106b p<0.001 (t test).

This data showed that presence of miR-106b in MCF10A cells caused a 1.6
fold increase in migration of these cells. This transwell migration assay was
performed in complete growth medium of MCF10A cells (serum percentage
was decreased to 1%). As it was stated in materials and methods section,
growth medium of MCF10A cells contain many additives including Epidermal
Growth Factor (EGF). MCF10A cells are known to express EGF Receptor
(EGFR) 135. EGF is required for the growth of MCF10A cells 121 and EGF is a
well-known migration stimulating agent 136,137,138. To investigate the impact of
EGF on cell motility in MCF10A cells, migration assay in the absence of EGF
was performed. Cells were starved in medium lacking EGF. Pre-starved cells
were seeded onto the upper chamber of transwell inserts. After 24 hours,
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membranes were fixed and stained. Migrated cells were counted under a Leica
light microscope (40X objective) (Figure 3.8).
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Figure 3.8. Migration assay for MCF10A-EV and MCF10A-106b cells in the
absence of EGF. A. Representative images of MCF10A-EV and MCF10A-106b
cells migrated through membrane. Total magnification of images 400X. B.
Percentage of migrated cells through membrane at 24 hour. MCF10A-EV was
set to 100%. Error bar represents the SD of three independent experiments
with a total of six technical replicates. *** indicates significant difference
between MCF10A-EV and MCF10A-106b p<0.0001 (t test).

Migration assay that was performed in the absence of EGF, showed an
opposite pattern to those performed in the presence EGF. In the absence of
EGF, MCF10A-106b cells migrated 90% less compared to MCF10A-EV cells.
This decrease in migration of MCF10A-106b cells in the absence of EGF might
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suggest an interaction between miR-106b and EGF pathways. Moreover, a
general decrease in the migration of cells in the absence of EGF should be
noted.
In a previous study, MCF10A cells were used as a model to explain EGF driven
cell migration in mammary cells 139. In parallel to our results, Katz et al.
showed that EGF induces the migration of MCF10A cells; whereas absence of
EGF suppresses migration 139. EGF induced cell migration was explained by
actin cytoskeleton reorganization 139,140 and by ERK/MAPK pathway141 in
MCF10A cells. Since the arrangement of cytoskeletal elements is important in
migration, Katz et al. tried to clarified molecules involved in this
rearrangement. TNS3 (tensin-3) and TNS4 (CTEN) are two focal adhesion
related proteins 142 and their expression levels were found to be changed
upon EGF treatment. TNS3 was downregulated whereas TNS4 expression was
upregulated when cells were grown in EGF containing medium. Upregulation
of TNS4 and downregulation of TNS3 together promote migration by the
disassembly of actin fibers 139. In our data, increased migration of MCF10A106b cells in the presence of EGF might be explained by both EGF induction
and specific targeting by miR-106b. For instance, it is predicted that TNS-3 (in
FindTar3) is targeted by miR-106b. Therefore downregulation of TNS-3 by
both EGF and miR-106b might contribute migration of cells. On the other
hand, decreased migration of MCF10A-106b compared to MCF10A-EV, in the
absence of EGF, might possibly resulted from different regulation of miR-106b
target mRNAs when EGFR signaling pathway is not active.
To investigate correlation between proliferation and migration in the absence
of EGF, MTT assay was performed in medium lacking EGF. Since MCF10A106b cells migrate less in the absence of EGF, we wondered whether there is
any difference in proliferation of these cells, as well. MTT was performed as
described in section 2.4.2, without EGF in the growth medium. Result of this
assay is shown in Figure 3.9.
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Figure 3.9. MTT assay of MCF10A-EV and MCF10A-106b cells in the absence
of EGF. Error bars represent SD of three independent experiments with a total
of 27 replicates. 5x103 MCF10A-EV and 5x103 MCF10A-106b cells were seeded
in 96 well plates in MCF10A growth medium lacking EGF. * indicates
significant difference in proliferation between MCF10A-EV and MCF10A-106b
p<0.05 (two-way ANOVA followed by Bonferroni posttest).

MTT data showed that, also in the absence of EGF, MCF10A-106b cells
proliferated more than MCF10A-EV cells. It should also be noted that in the
absence of EGF, general proliferation rate of both MCF10A-EV and MCF10A106b cells decreased compared to cells grown in the presence of EGF.
In addition to the different pattern in migration, morphology of MCF10A-106b
cells changed in the absence of EGF (Figure 3.10).
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Figure 3.10. Images of MCF10A-EV and MCF10A-106b cells after 24 hours
starvation in medium containing 1% serum. A. Cells were grown in medium
containing EGF. B. Cells were grown in medium lacking EGF. Upper panel in
each figure shows the cells under 4X objective (total magnification 40X),
closer images were taken under 10X objective (total magnification 100X).
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MCF10A-106b cells started to grow as clusters, in the absence of EGF, when
compared to MCF10A-EV cells. When MCF10A-106b cells were grown in
medium lacking EGF, they formed dense cell clusters. In accordance with this
observation, clustered morphology of MCF10A cells in the absence of EGF was
shown in a study conducted in MCF10A cells139. Showing the cluster
appearance in MCF10A-106b but not in MCF10A-EV cells might be explained
by miR-106b targets related with arrangement cytoskeletal elements.
Different behavior of MCF10A-106b cells in the absence and presence of EGF,
might indicate a cross-talk between EGF and miR-106b pathways. EGF
receptors promote cell survival, growth and differentiation via the activation
of several integrated signaling pathways 143. According to miRNA-mRNA target
prediction programs (TargetScan, PITA, FindTar3) some of the members in
EGF pathway 144 were predicted to be targeted by miR-106b such as STAT3
and AKT3 (Figure 3.11 and Figure 3.12).
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Figure 3.11. Predictions for STAT3 as a possible target of miR-106b. A.
TargetScan predictions for miR-106b-STAT3 interaction. Conserved and poorly
conserved sites are shown. A more negative context score means higher
prediction value. B. PITA predictions for miR-106b-STAT3 interaction. A more
negative ddG means higher prediction value. C. FindTar3 predictions for miR106b-STAT3 interaction. A more negative ∆G is associated with higher
prediction value.
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Figure 3.12. Predictions for AKT3 as a possible target of miR-106b. A.
TargetScan predictions for miR-106b-AKT3 interaction. Conserved sites are
shown. A more negative context score means higher prediction value. B. PITA
predictions for miR-106b-AKT3 interaction. A more negative ddG means
higher prediction value. C. FindTar3 predictions for miR-106b-AKT3
interaction. A more negative ∆G value is associated with higher prediction
value.

STAT3 is a transcription factor 145 and activate the transcription of EGF
responsive genes, basically genes related with proliferation and motility.
Down regulation of STAT3 by miR-106b and by turning off EGF pathway can
both contribute a decrease in migration.
AKT was shown to increase
migration of MCF10A 141. Therefore as in the case of STAT3, downregulation of
AKT can lead to decrease migration of cells. Involvement of microRNAs in EGF
signaling pathway regulation was shown in glioma 146, but miR-106b was not
listed among those microRNAs. To understand the interaction between EGF
and miR-106b, target candidates of miR-106b that have role in EGF pathway
can be analyzed.
3.4.4 Matrigel Invasion Assay
To evaluate invasion abilities of MCF10A-EV and MCF10A-106b cells, matrigel
invasion assay was performed. Matrigel mimics the basement membrane, so
creating a suitable environment for invasion assays. Transwell inserts were
covered with matrigel and pre-starved cells (in 1% serum, with EGF for
MCF10A-EV and MCF10A-106b) were seeded onto the matrigel covered
inserts. After 24 hours of incubation at 37 °C, invaded cells were counted.
Representative images of invaded cells are shown in Figure 3.13.
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Figure 3.13. Matrigel invasion assay for MCF10A-EV and MCF10A-106b cells.
A. Representative images of MCF10A-EV and MCF10A-106b cells invaded
through membrane. Total magnification is 400X. B. Percentage of invaded
cells through membrane at 24 hour. MCF10A-EV was set to 100%. Error bars
represent the SD of three independent experiments with a total of six
technical replicates. ** indicates significant difference between MCF10A-EV
and MCF10A-106b p<0.01 (t test).

Based on experimental results (in the presence of EGF); migration of
MCF10A-106b cells increased (Fig. 3.7)
in contrast to invasion where
MCF10A-106b cells invade 60% less compared to MCF10A-EV cells (Fig 3.11).
This effect of miR-106b on MCF10A cells suggested involvement possible miR106b targets that play role in invasion process. Given that MCF10A is a nontumorigenic cell line, one would not expect a high invasive behavior 147.
Because we saw a significant decrease in MCF10A invasiveness due to miR106b, we have also shown that the invasiveness of MCF10A cells were already
low to begin with. MDA-MB-231 cells are known to be invasive and
tumorigenic 148 and in our experimental system MDA-MB-231 cells were
significantly more invasive than MCF10A cells (Figure 3.14).
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Figure 3.14. Matrigel invasion assay for MDA-MB-231 and MCF10A-EV cells.
A. Representative images of MDA-MB-231 and MCF10A-EV cells invaded
through membrane. Total magnification is 400X. B. Percentage of invaded
cells through membrane at 24 hour. MDA-MB-231 was set to 100%. Error bar
represents the SD of two independent experiments with a total of four
technical replicates. ** indicates significant difference between MDA-MB-231
and MCF10A-EV p<0.01 (t test).

When different target prediction programs (TargetScan, FindTar3 and PITA)
were scanned for predicted miR-106b targets, two proteins that might be
important to explain the decrease in invasion ability of miR-106b expressing
cells have arisen. Matrix metalloproteinase 2 (MMP2) 149 and matrix
metalloproteinase 24 (MMP24) 150 are proteins involved in breaking down of
extracellular matrix. These proteins are predicted targets of miR-106b based
on different miRNA-mRNA target predictions program (TargetScan, PITA,
FindTar3) (Figure 3.15 and Figure 3.16).
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Figure 3.15. Predictions for MMP2 as a possible target of miR-106b. A.
TargetScan predictions for miR-106b-MMP2 interaction. Conserved sites and
poorly conserved sites are shown. A more negative context score means
higher prediction value. B. PITA predictions for miR-106b-MMP2 interaction. A
more negative ddG means higher prediction value. C. FindTar3 predictions for
miR-106b-MMP2 interaction. A more negative ∆G is associated with higher
prediction value.
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Figure 3.16. Predictions for MMP24 as a possible target of miR-106b. A.
TargetScan predictions for miR-106b-MMP24 interaction. Conserved sites are
shown. A more negative context score means higher prediction value. B. PITA
predictions for miR-106b-MMP24 interaction. A more negative ddG means
higher prediction value. C. FindTar3 predictions for miR-106b-MMP24
interaction. A more negative ∆G value is associated with higher prediction
value.

MMP2 itself plays role in digestion of matrix, whereas MMP24 activates MMP2.
If miR-106b targets and decrease the protein level of MMP2 invasion ability of
these cells might decrease as we have observed in matrigel invasion assay
(Figure 3.13).
Based on these functional assays, effect of miR-106b in MCF10A cells were
observed in different respects: proliferation, motility, migration and invasion.
miR-106b expression, resulted in an increase proliferation rate , motility and
migration of MCF10A cells. However, miR-106b overexpression caused a
reduction in the invasion ability of MCF10A cells.
As stated in introduction chapter, miR-106b belongs to a microRNA cluster
which contains two other members (miR-93 and miR-25). These three
microRNAs are transcribed from the 13th intron of same gene,
minichromosome maintenance complex component 7 (MCM7). Transcription
regulations of these microRNAs follow the same pattern of MCM7 transcript 115
controlled by E2F1 transcription factor. Therefore to better understand the
role of miR-106b, other members of cluster should also be considered. miR-93
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and miR-106b have same seed sequence and have shared mRNA targets
(TargetScan, PITA, PicTar, FindTar3). Having some common targets, miR-93
and miR-106b might possibly work in a coordinated manner with each other.
Overexpressing the entire cluster might be another approach to investigate
the role of these microRNAs.
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CHAPTER 4

CONCLUSION

The aim of this study was to investigate the role of miR-106b in breast
cancer. As a continuation of previous experiments performed by Dr. Ayşegül
Sapmaz, in our laboratory, phenotypical analysis of MCF10A cells that stably
overexpress miR-106b was performed.
Ectopic expression of miR-106b in MCF10A cells caused a 57% increase in
proliferation rate. In in vitro wound healing and transwell migration assays it
was observed that miR-106b caused an increase in the migration ability of
MCF10A cells when they were grown in complete growth medium. In contrast
to increase in the migration ability of MCF10A cells upon miR-106b
expression, invasion ability decreased. Although it is an interesting finding, it
needs further investigations such as target confirmation to explain the
observed phenotype in MCF10A-106b cells.
Depending on our results, migration and invasion pathways were affected
differently when miR-106b was overexpressed. These two processes have
different properties. In invasion, cells need to degrade a basement membrane
by the aid of proteases. Migration, on the other hand, requires reorganization
of cytoskeletal elements. Therefore, different regulation of migration and
invasion in the presence of miR-106b can be explained by mRNAs targeted by
miR-106b. Further studies such as investigation of some possible targets are
needed to elucidate pathways that miR-106b involved in.
Interestingly a possible relation between miR-106b and EGF was suggested
depending on our results. Although this finding is so immature to lead us a
conclusion, common proteins in both EGF pathway and miR-106b pathway
might imply a communication between those pathways. Further studies are
planned to analyze EGF-miR-106b relation.
Based on our data, contributions of miR-106b on transformation of MCF10A
cells might be inferred. miR-106b overexpression resulted in an increase
proliferation, motility and migration and a decrease in invasion. To elucidate
these phenotypical effects of miR-106b, future studies are needed to
understand targets of miR-106b that regulate proliferation, migration,
invasion and others that plays role in tumorigenesis.
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APPENDIX A

VECTOR

Figure A. Map of pSUPER.retro.neo+GFP (Invitrogen).
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APPENDIX B

TESTING SUCCESS of DNase TREATMENT

Figure B. Lack of DNA contamination in RNA samples after DNase
treatment was assessed via PCR using GAPDH specific primers
(sequences in Table 2.3). Cycling conditions are stated in Table 2.5.
Observing no bands in MCF10A-EV and MCF10A-106b confirms the
success of DNase treatment.
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APPENDIX C

MIQE GUIDELINES
Table C. MIQE Guidelines Checklist for qRT-PCR
ITEM TO CHECK
EXPERIMENTAL DESIGN
Definition of experimental and control
groups
Number within each group
Assay carried out by core lab or
investigator's lab?
Acknowledgement of authors'
contributions
SAMPLE
Description
Volume/mass of sample processed
Microdissection or macrodissection
Processing procedure
If frozen - how and how quickly?
If fixed - with what, how quickly?
Sample storage conditions and duration
(especially
for FFPE samples)

IMPORTANCE

CHECKLIST

COMMENTS/WHERE

E

YES

Materials and Methods

E
D

YES
YES

Materials and Methods
Investigator’s Lab

D

NO

E
D
E
E
E
E
E

N/A
N/A
N/A
N/A
N/A
N/A
N/A

Procedure and/or instrumentation

E

YES

Name of kit and details of any
modifications
Source of additional reagents used

E

YES

D

YES

Details of DNase or RNAse treatment

E

N/A

Contamination assessment (DNA or
RNA)
Nucleic acid quantification

E

N/A

E

YES

E

YES

E
D
E
E
D
E

YES
YES
NO
NO
N/A
YES

E

YES

E

YES

Priming oligonucleotide and
concentration
Reverse transcriptase and
concentration
Temperature and time

E

NO

E

YES

E

YES

Manufacturer of reagents

D

YES

D
D

NO
YES

NUCLEIC ACID EXTRACTION

Instrument and method
Purity (A260/A280)
Yield
RNA integrity method/instrument
RIN/RQI or Cq of 3' and 5' transcripts
Electrophoresis traces
Inhibition testing (Cq dilutions, spike or
other)
REVERSE TRANSCRIPTION
Complete reaction conditions
Amount of RNA and reaction volume

Cqs with and without RT
Storage conditions of cDNA

67

Materials and Methods
(page 20)
Materials and Methods
(page 20)
Materials and Methods
(page 20)
Not required in TaqMan
assay
Not required in TaqMan
assay
Materials and Methods
(page 20)
Materials and Methods
(page 20)
Fig. C1.
Fig. C1.

Cq dilutions Fig. C2,
Fig. C3.
Materials and methods
(page 21)
Materials and methods
(page 21)
Manufactures proprietary
Materials and methods
(page 21)
Materials and methods
(page 21)
Materials and methods
(page 21)
Materials and methods
(page 21)

Table C. Continued. MIQE Guidelines Checklist for qRT-PCR
qPCR TARGET INFORMATION
If multiplex, efficiency and LOD of each
assay
Sequence accession number

E

N/A

E

YES

Location of amplicon
Amplicon length
In silico specificity screen (BLAST,
etc)
Pseudogenes, retropseudogenes or
other homologs?
Sequence alignment
Secondary structure analysis of
amplicon
Location of each primer by exon or
intron (if applicable)
What splice variants are targeted?
qPCR OLIGONUCLEOTIDES
Primer sequences

D
E
E

NO
NO
NO

hsa-miR-106b:
NR_029831.1
RNU6B: NR_002752
Manufactures proprietary
Manufactures proprietary
Manufactures proprietary

D

NO

Manufactures proprietary

D
D

NO
NO

Manufactures proprietary
Manufactures proprietary

E

NO

Manufactures proprietary

E

NO

Manufactures proprietary

E

NO

Manufactures proprietary

RTPrimerDB Identification Number
Probe sequences

D
D

N/A
NO

Manufactures proprietary

Location and identity of any
modifications
Manufacturer of oligonucleotides

E

NO

Manufactures proprietary

D

YES

Purification method
qPCR PROTOCOL
Complete reaction conditions

D

NO

Materials and Methods
(page 23)
Manufactures proprietary

E

YES

Reaction volume and amount of
cDNA/DNA
Primer, (probe), Mg++ and dNTP
concentrations
Polymerase identity and concentration
Buffer/kit identity and manufacturer

E

YES

E

NO

E
E

NO
YES

Exact chemical constitution of the buffer

D

NO

Additives (SYBR Green I, DMSO, etc.)
Manufacturer of plates/tubes and
catalog number
Complete thermocycling parameters

E
D

N/A
YES

E

YES

Reaction setup (manual/robotic)
Manufacturer of qPCR instrument

D
E

YES
YES

D

NO

E

N/A

E
E

YES
YES

Fig. C2, Fig. C3
Fig. C2, Fig. C3

E
D

YES
N/A

Fig. C2, Fig. C3

E
E
E
D
E

YES
YES
YES
N/A
NO

Fig. C2, Fig. C3
Fig. C2, Fig. C3
Fig. C2, Fig. C3

Materials and methods
(page 24)
Materials and methods
(page 24)
Manufactures proprietary
Manufactures proprietary
Materials and methods
(page 24)
Manufactures proprietary

Materials and methods
(page 24)
Manual setup
Materials and methods
(page 24)

qPCR VALIDATION
Evidence
of
optimization
(from
gradients)
Specificity (gel, sequence,
melt, or
digest)
Cq of the NTC
Standard curves with slope and yintercept
PCR efficiency calculated from slope
Confidence interval for PCR efficiency or
standard error
r2 of standard curve
Linear dynamic range
Cq variation at lower limit
Confidence intervals throughout range
Evidence for limit of detection
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Table C.Continued. MIQE Guidelines Checklist for qRT-PCR
If multiplex, efficiency and LOD of each
assay
DATA ANALYSIS
qPCR
analysis
program
(source,
version)
Cq method determination

E

N/A

E

YES

E

YES

Outlier identification and disposition
Results of NTCs
Justification of number and choice of
reference genes
Description of normalization method
Number and concordance of biological
replicates
Number and stage (RT or qPCR) of
technical replicates
Repeatability (intra-assay variation)

E
E
E

N/A
YES
NO

E
D

YES
YES

E

YES

E

YES

Reproducibility (inter-assay variation,
%CV)
Power analysis
Statistical
methods
for
result
significance
Software (source, version)

D

N/A

D
E

NO
YES

E

YES

Cq or raw data submission using RDML

D

N/A

E: Essential, D: Desirable, N/A: Not Applicable
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Materials and methods
(page 26)
Materials and methods
(page 26)
Fig. C2, Fig. C3
Manufactures proprietary
Standard curve method
Materials and methods
(page 26)
Materials and methods
(page 26)
Materials and methods
(page 26)

Biological replicates
Materials and methods
(page 26)

Figure C1. RNA concentrations (A260) of MCF10A-EV and MCF10A-106b.
Concentrations were measured by using NanoDrop ND1000 (Thermo
Scientific). Purity of samples was assessed by A 260 /A280 and A260 /A230 ratios
(RNA samples were around 2.0 for A260 /A280 and A260 /A230 ratios).
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Raw Data For Cycling A.Green

Quantitation data for Cycling A.Green

Standard Curve

No. Colour Name

Type

Ct

Given Conc (Copies) Calc Conc (Copies) % Var

1

Std-1 RNU6B Standard 30,69 20.000.000

20.715.715

3,6%

2

Std-2 RNU6B Standard 32,64 10.000.000

9.730.516

2,7%

3

Std-3 RNU6B Standard 34,46 5.000.000

4.802.159

4,0%

4

Std-4 RNU6B Standard 36,63 2.000.000

2.066.130

3,3%

5

ntc u6

NTC

Figure C2. qRT-PCR assay performance shown with respect to MIQE
guidelines. Raw fluoresence data, quantitation data, standard curve and
quantitation information was analyzed by RotorGene Software for RNU6B
primers. In TaqMan probe systems melting curve analysis is not performed.
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Quantitation Information
Threshold

0,2396

Left Threshold

1,000

Standard Curve Imported

No

Standard Curve (1)

conc= 10^(-0,169*CT + 12,490)

Standard Curve (2)

CT = -5,933*log(conc) + 74,101

Reaction efficiency (*)

0,47417 (* = 10^(-1/m) - 1)

M

-5,93299

B

74,10149

R Value

0,9992

R^2 Value

0,99839

Start normalising from cycle

18

Noise Slope Correction

No

No Template Control Threshold 0%
Reaction Efficiency Threshold

Disabled

Normalisation Method

Dynamic Tube Normalisation

Digital Filter

Light

Sample Page

Page 1

Imported Analysis Settings

Figure C2. Continued. qRT-PCR assay performance shown with respect to
MIQE guidelines. Raw fluoresence data, quantitation data, standard curve and
quantitation information was analyzed by RotorGene Software for RNU6B
primers. In TaqMan probe systems melting curve analysis is not performed.
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Raw Data For Cycling A.Green

Quantitation data for Cycling A.Green

Standard Curve

No. Colour Name

Type

Ct

Given Conc (Copies) Calc Conc (Copies) % Var

1

Std-1 miR-106b Standard 25,75 20.000.000

22.711.782

13,6%

2

Std-2 miR-106b Standard 28,37 10.000.000

8.336.741

16,6%

3

Std-3 miR-106b Standard 31,97 2.000.000

2.112.577

5,6%

4

ntc miR-106

NTC

Figure C3. qRT-PCR assay performance shown with respect to MIQE
guidelines. Raw fluoresence data, quantitation data, standard curve and
quantitation information was analyzed by RotorGene Software for miR-106b
primers. In TaqMan probe systems melting curve analysis is not performed.
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Quantitation Information
Threshold

0,1784

Left Threshold

1,000

Standard Curve Imported

No

Standard Curve (1)

conc= 10^(-0,166*CT + 11,630)

Standard Curve (2)

CT = -6,025*log(conc) + 70,075

Reaction efficiency (*)

0,46544 (* = 10^(-1/m) - 1)

M

-6,0252

B

70,07527

R Value

0,99077

R^2 Value

0,98162

Start normalising from cycle

1

Noise Slope Correction

No

No Template Control Threshold 0%
Reaction Efficiency Threshold

Disabled

Normalisation Method

Dynamic Tube Normalisation

Digital Filter

Light

Sample Page

Page 1

Imported Analysis Settings

Figure C3. Continued. qRT-PCR assay performance shown with respect to
MIQE guidelines. Raw fluoresence data, quantitation data, standard curve and
quantitation information was analyzed by RotorGene Software for miR-106b
primers. In TaqMan probe systems melting curve analysis is not performed.
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