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ABSTRACT

CHARACTERIZATION OF MOLECULAR-LEVEL CHANGES DUE TO
MICRORNA-125B EXPRESSION IN BREAST CANCER CELLS BY
SPECTROSCOPIC AND CHEMOMETRIC ANALYSIS TECHNIQUES

Simsek Ozek Nihal
Ph.D., Department of Biological Sciences
Supervisor: Prof. Dr. Feride Severcan

Co-Supervisor: Assoc. Prof. Dr. A. Elif Erson Bensan

October 2015, 131 pages

MicroRNAs (miRNAs), are 22 nucleotides long, non-coding RNAs that control gene
expression post-transcriptionally by binding to their target mRNA’s 3’ UTRS
(untranslated regions). Due to their crucial roles in various important regulatory
processes and pathways, miRNAs have been implicated in disease mechanisms such
as tumorigenesis, metastasis and drug resistance when their expression is deregulated.
Moreover, the regulatory roles of these micromanagers have been demonstrated in the
metabolism of cancer cells. To date, a significant number of miRNAs and their target
messenger RNAs (MRNAS) have been identified and verified. Since one miRNA can
target many mRNAs, it is hard to delineate the roles of these molecules in
etiopathogenesis and metabolism of cancers. Therefore, to uncover the global roles of
these molecules in cancer, both experimental and data analysis methods are required.
The current thesis study aimed to examine the alterations in the membrane dynamics,
content and structure of molecules especially lipids of miR-125b expressing breast
cancer cells compared to controls to obtain a more holistic view of how miRNA
expression alters cells. miR-125b expression in breast cancer cell line systems was
investigated since this is one the most down-regulated miRNAs in breast cancer.
MCF7 and T47D cells stably transfected with miR-125b (MCF7-125b, T47D-125b)



and empty vector (MCF7-EV, T47D-EV) were studied. Global molecular changes and
specifically the changes in cellular lipids were determined by Attenuated Total
Reflectance Fourier Transform Infrared (ATR-FTIR) Spectroscopy. The alterations in
membrane dynamics were identified by spin-labelling Electron Spin Resonance (ESR)
spectroscopy. In addition to these techniques, to discriminate between EV and miR-
125b transfected breast cancer cells, unsupervised chemometric analysis methods
including principal component (PCA) and hierarchical cluster analyses (HCA) were
applied to the infrared spectra. The spectral results revealed lower saturated and
unsaturated lipids, RNA and protein content in both miR-125b transfected breast
cancer cells relative to the EV cells. The amount of glycogen, cholesterol ester and
triglyceride was found to be decreased in MCF7 cells but opposite results were
obtained for T47D cells. The decreased membrane fluidity was acquired in MCF7 cells
but for T47D cells an inverse result was obtained. The decline in phospholipid,
sphingomyelin, phosphotidyl-choline, sphingolipid and sphingomyelin contents were
also observed in both cell lines with miR-125b expression. Based on these alterations,
both EV and miR-125b cells lines were discriminated successfully by PCA and HCA
methods. Here, a novel approach was proposed to understand the global effects of
miRNAs in cells. Potential applications of infrared spectroscopy coupled with
chemometric methods are not only limited to research area. This kind of pioneer
studies will shed light on the development of future diagnostic tools for deregulated

miRNA expression in patient samples.

Keywords: miR-125b, breast cancer, molecular content, cell lipid, ATR-FTIR
spectroscopy, ESR spectroscopy, PCA, HCA
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MEME KANSERI HUCRELERINDE MiKRORNA-125B IFADESININ
MOLEKULER DUZEYDE NEDEN OLDUGU DEGIiSIMLERIN
SPEKTROSKOPIiK VE KEMOMETRIK ANALIZ TEKNIKLERI iLE
KARAKTERIZASYONU

Simsek Ozek Nihal
Ph.D., Biyolojik Bilimler Bolum
Tez Yoneticisi: Prof. Dr. Feride Severcan
Ortak Tez Yoneticisi: Dog. Dr. A. Elif Erson Bensan

Ekim 2015, 131 Sayfa

MikroRNA (miRNA)lar 22 niikleotit uzunlugunda kodlanmayan RNA molekiilleridir
ve hedef mRNAlarin 3> UTR (translasyon olmayan bolge) bdlgelerine baglanmak
suretiyle post-transkripsiyonel gen ifadesini diizenlerler. Hiicrede birgok farkli olayda
ve yolakta onemli rolleri olmasi nedeniyle, ekspresyonlarinda bozukluk oldugunda,
tiimoregenez, metastaz ve ilag direngliligi gibi hastalik mekanizmalariyla iliskili
olduklar1 belirtilmistir. Bununla birlikte, s6z konusu mikromiidiirlerin kanser hiicre
metabolizmasinda diizenleyici rolleri oldugu gosterilmistir. Bugiline kadar 6nemli
sayida miRNA ve hedef mRNAlar1 tanimlanmis ve dogrulanmigstir. Tek miRNA bir
¢ok mRNA’ya baglanabileceginden dolay1, bu molekiillerin kanser etiopatojenezi ve
metabolizmasindaki rollerini agiga c¢ikarmak olduk¢a zordur. Bu yizden, bu
molekiillerin kanserdeki global rollerini agiga ¢ikarmak i¢in hem deneysel hem de data
analiz metodlar gereklidir. Bu tez ¢alismasinda miRNA ekspresyonunun hiicrelerde
nasil degisikliklere yol agtigini global seviyede belirleyebilmek i¢in, kontrol grubuna
gore, miR-125b ekspresyonuna bagli meme kanseri hiicreleri molekdlllerinde dzellikle
lipitlerin igerik ve yapilar1 ile membran dinamiginde meydana gelen degisimleri

incelemek amaglandi. mMiR-125b’nin meme kanserinde en ¢ok ifadesi azalan
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miRNAlardan biri olmasi nedeniyle, s6z konusu miRNAnin ifadesi meme kanseri
hlicre hatti sistemlerinde arastirildi. miR-125b (MCF7-125b, T47D-125b) ve bos
vektorle (MCF7-EV, T47D-EV) transfekte edilmis MCF7 ve T47D hiicreleri ile
calisilmigtir. Global molekiiler degisimler ve 6zellikle hiicre lipitlerindeki degisimler
Azaltilmis Total Yansima Fourier Déniisiim Kizil Otesi (ATR-FTIR) Spektroskopisi
ile belirlendi. Membran dinamigindeki degisimler spin ctiketleme yontemi olan
Elektron Spin Rezonans (ESR) Spektroskopisi ile elde edildi. Bu tekniklere ilaveten,
bos vektor ve miR-125b transfekte edilmis meme kanseri hiicrelerini birbirinden
ayirmak amaciyla, hiicre spektrumlarina Temel Bilesen Analizi (PCA) ile Hiyerarsik
Kimeleme Analizini (HCA) kapsaayan gozetimsiz kemometrik analiz metotlari
uygulandi. Spektral sonuglar miR-125b transfekte olmus hiicrelerde bos vektorle
transfekte edilen hiicrelere gére doymus ve doymamis lipitler ile RNA ve protein
iceriginde azalma oldugunu gosterdi. MCF7 huicrelerinde glikojen, kolesterol ester ve
trigliserit miktarinda azalma bulunurken T47D hiicrelerinde ise zit sonuclar elde
edildi. MCF7 hiicrelerinde membran akigkanliginda azalma elde edilirken, T47D
hucrelerinde artma elde edildi. miR-125b ifadesine bagli her iki hiicre hattinda da,
fosfolipit, fosfatidilkolin, sifingolipit ve sifingomiyelin iceriklerinde azalis gozlendi.
Bu degisimlere bagl olarak, PCA ve HCA analiz yontemleri ile bos vektér ve miR-
125b transfekte hiicreler birbirinden basarili bir sekilde ayrildi. Bu c¢alisma ile,
hicrelerde miRNAlarin global etkilerini anlamak igin yenilik¢i bir yaklagim onerildi.
Kemometrik analiz yontemleri ile birlikte kizilotesi spektroskopisinin potansiyel
uygulamalar1 sadece arastirma alanlari ile sinirhi degildir. Bu tarz 6ncii ¢alismalar,
hasta Orneklerinde miRNA ifade bozuklugunun belirlenmesi igin diyagnostik

metotlarin gelistirimesine de 151k tutatacaktir.

Anahtar Kelimeler: miR-125b, meme kanseri, molekiler icerik, hiicre lipiti, ATR-
FTIR spektroskopisi, ESR spektroskopisi, PCA,HCA
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CHAPTER |

INTRODUCTION

1.1 MicroRNAs (miRNAS)

miRNAs are small non-coding, 19-24 nucleotide-long, phylogenetically
conserved and single stranded RNAs and are reproduced from endogenous hair-pin
shaped transcripts. They have crucial roles in many fundamental biological process
such as apoptosis, differentiation, development etc. and regulate gene expression by
binding to 3’ untranslated region (UTR) of a target messenger RNA (mRNA) through
limited or extensive their target base-pairing (Erson and Petty, 2008, Erson and Petty,
2009). This may result in the cleavage of target mMRNA with subsequent degradation

or translation inhibition.

Based on their genomic locations relative to exon and intron positions, they can be

divided into four groups (Kim et al., 2009) (Figure 1):

1) Intronic miRNASs in non-coding transcripts: e.g. miR-15a~16-1 cluster-non-coding
RNA gene, DLEU2.

2) Exonic miRNAs in non-coding transcripts: e.g. miR-155-non-coding RNA gene,
BIC198.

3) Intronic miRNAs in protein-coding transcripts: e.g. miR-25~93~106b cluster- the
DNA replication licensing factor MCM7 transcript.

4) Exonic miRNAs in protein-coding transcripts: e.g. miR-985 hairpin-
exon of CACNG8 mRNA.



A majority of miRNAs (approximately 80%) are placed in the intronic region of
protein coding and/or noncoding transcription units (TU). On the other hand, 10 % are

in the exonic region of non-coding TUs.

a Non-coding TU with intronic miRNA

(miESaJé-]

b Non-coding TU with exonic miRNA miR-155
ol
Rig
BIC
¢ Coding TU with intronic miRNA iR-25-93-106b

d Coding TU with exonic miRNA

CACNGS8 | |

Figure 1 miRNA genomic location and gene structure. The hairpins: miRNA stem-loops. Blue box:
protein-coding regions. TU: transcription unit (Taken from Kim et. al., 2009)

1.1.1 Biogenesis of miRNAs

miRNA biogenesis generally initiates with transcription from RNA polymerase Il
promoters and the mature miRNAs are produced by several processing steps through

canonical or non-canonical miRNA biogenesis pathways (Figure 2).



In canonical pathway, miRNA genes are firstly originally transcribed as long primary-
miRNA (pri-miRNS) by RNA pol Il in the nucleus. The stem-loop portion of the pri-
miRNA is cleaved by the microprocessor complex (DROSHA-DiGeorge syndrome
critical region gene 8 complex [DGCRS8; Pasha in Drosophila melanogaster and
Caenorhabditis elegans]) and 70-nucleotide precursor-miRNA (pre-miRNA)
sequence is formed. This sequence contains a short stem plus a ~2-nt 3’ overhang. The
nuclear export factor, exportin 5 (EXP5) and RanGTP dependent transporter protein,
binds this overhang and so pre-miRNA is subsequently transported from nucleus to
cytoplasm. In the cytoplasm, the second further cleavage of pre-miRNA occurs with
the interaction of DICER-TRBP (TAR RNA-binding protein 2) and miRNA duplexes
are formed. This duplex unwinds and one strand of it degraded. The other strand, as a
mature miRNA, is loaded into Argonaute 2 (AGO2)-containing RNA-induced
silencing complexes (RISCs). The mature miRNA leads RISC to cleavage of the
MRNA, translational repression or deadenylation, depending on the degree of
complementary sites between the miRNA and its target. Perfect or nearly perfect
complementarities between miRNA and its target 3' UTR induce RISC to cleave the
target mMRNA. Whereas imperfect base matching induces mainly translational
silencing of the target but can also reduce the amount of the mRNA target (Garzon et
al., 2006, Kim et al., 2009, Yekta et al., 2004).

Large majority of miRNA biogenesis occurs through canonical pathway, but recently
the noncanonical biogenesis pathways have been also discovered; a) Microprocessor
(DROSHA-DGRCS) independent, b) DICER independent and c) TUTase-dependent
pathway. (Figure 1.3) (Ha and Kim, 2014, Li and Rana, 2014).

In microprocessor independent pathway, in the case of mirtrons, discovered in
Drosophila and C. elegans, mature miRNAs are produced from short intrinsic hairpins
with splice sites through mRNA splicing. After processing by the lariat-debranching
enzyme, they refold into hairpin secondary (a short stem-loop) structures resembling
pre-miRNAs. This structure is recognized by Exp5 protein and is transported
cytoplasm and rejoins the canonical miRNA biogenesis pathway (Figure 3).



In the DICER independent pathway, for example, the biogenesis of miR-451, DICER
are not required. The pre-miR-451 is directly loaded onto AGO2, cleaved and then it
is trimmed by the 3'—5" exonuclease poly (A)-specific ribonuclease PARN (Figure 3).

In Terminal uridylyl transferase (TUTase) - dependent pathway, the biogenesis of
some pre-miRNAS carrying a shorter 3’ overhang(Li and Rana, 2014) (e.g.let-7 family
in vertebrates) occurs since this shortness is suboptimal for efficient DICER
processing. In this case, this type of pre-miRNAs are extended by one nucleotide

monouridylation and then cleaved by DICER (Figure 3).
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Figure 2 Canonical and non-canonical miRNA biogenesis pathways (Taken from Li and Rana 2014)
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Figure 3 Non-canonical pathways of miRNA biogenesis (Taken from Ha and Kim, 2014).

1.1.2 The Regulation of miRNA Biogenesis

Since miRNAs have crucial roles in many cellular functions, stringent control of
miRNA levels are required to keep normal cellular functions. Therefore their
biogenesis and functions are tightly/intensely regulated at multiple levels, including
their transcription level; their processing by DROSHA and DICER in the nucleus and
cytoplasm; their loading onto Argonuate and their turnover (Ha and Kim, 2014, Kim
et al., 2009, Krol et al., 2010, Siomi and Siomi, 2010).

Transcription is an important regulatory step in miRNA biogenesis. miRNA and the
protein-coding gene promoters contain similar features in terms of CpG islands, TATA
boxes, TFIIB recognition elements, initiator elements, and histone modifications so
their transcriptions are coordinately regulated by the sets of transcription factors
(Ozsolak et al., 2008). For instance, the tumor suppressor p53 activates the miR-34
cluster while oncogenic protein c-myc transcriptionally represses the miR15a clusters.
Similar to the protein coding genes, miRNA genes can be regulated epigenetically



through the methylation of CpG islands at the promoter of miRNA genes and histone
modifications (Davis-Dusenbery and Hata, 2010).

In addition to transcriptional regulation, miRNA genes can be regulated post-
transcriptionally especially by DROSHA processing (cropping), DICER processing
(dicing) and slicing events (Han et al., 2009). Cropping/microprocessing step is a
crucial point in the regulation and therefore the expression level, activity and
specificity of DROSHA and DGRCS are strictly controlled. There is autoregulation
between DROSHA and DGCR8. DGRCS has stabilizing effect on DROSHA on the
protein level while DROSHA destabilizes this protein by cleaving the hairpins in this
protein MRNA which leads to its degradation (Han et al., 2009).(Davis et al., 2008,
Fukuda et al., 2007) Moreover, the activities of DROSHA and DGCRS8 are regulated
by posttranslational modifications or association of accessory factors. For example,
protein co-factors such as p68 and p72 can affect the Microprocessor activity through
the mechanisms that may involve rearrangement of pri-miRNAs to increase DROSHA
affinity (Davis et al., 2008, Fukuda et al., 2007).

In addition to the DROSHA cropping, there is a regulation on the nuclear export of
miRNA in a cell-type-specific manner. Moreover, miRNA biogenesis can be regulated
by dicing or DICER cleavage step through the control of DICER expression level and
activity. For instance, depletion of DICER co-factors TRBP and PACT decreases
DICER protein levels or the phosphorylation of RNA binding proteins (RBP) leads to
an increase in DICER stability and miRNA production. LIN-28 binding to the terminal
loop of pre-let-7 leads to block its processing by DICER (Heo et al., 2008).

Mature miRNA levels can further be regulated through the modulation of stability of
the miRISC complex, nucleases that degrade miRNAs, and the abundance of their
MRNA targets (Wada et al., 2012). The modulation of stability of the complex occurs
by the regulation mechanism in the localization, function, and stability of Ago proteins
since they are the core component of the miRISC complex. For example,
phosphorylation at Ser387 of human AGO2 mediated by MAPK-activated protein
kinase or AKT3 leads to its localization to P-bodies or translational repression (Zeng
et al., 2008). Moreover, the phosphorylation of AGO2 by EGFR under hypoxia causes



to the dissociation of human AGO2 from DICER and the reduction of premiRNA
processing for some miRNAs (Rudel et al., 2010).

1.1.3 miRNAs in Cancer

Cancer is a multi-factorial, multi-step and complicated disease which can be originated
from deregulation of both protein coding genes and non-coding gene expressions. The
origin of this disease can be due to the misregulation of miRNA since they are the
micromanager of the many cellular processes. Therefore abnormal expression of these
molecules can result in the uncontrolled growth of cells, resulting in various kinds of
cancers depending upon the type of miRNA or cells involved. The direct role of this
molecules in human cancer was firstly demonstrated by Calin and his colleagues in
2002. They indicated that a small region encoding two miRNAs, miR-15a and miR-
16-1 (chromosome 13q14) was deleted in chronic lymphocytic leukemia (CLL), which
suggested their role as tumor suppressor genes in CLL (Calin et al., 2002). Since then,
many studies proved that the abnormal expression of miRNAs are commonly found in
almost all types of cancers. According to these studies, miRNA can function as tumor
suppressor or oncogenes. The tumor suppressor miRNAs are mainly down-regulated
in cancers due to the genetic loss, epigenetic silencing, and defects in their biogenesis
pathway or widespread transcriptional repression. They inhibit oncogenes and/or
genes that inhibit cell differentiation or apoptosis. However, the oncogenic miRNAs
are upregulated as a consequence of amplification or overexpression and they trigger
the tumor formation by inhibiting tumor suppressor genes and/or genes that control
cell differentiation or apoptosis. Since two decades, tumor suppressor and oncogenic
potential of various miRNAs have been determined in different cancers. These studies
demonstrated that miRNAs have crucial roles in all of the cancer hallmarks (Pichler

and Calin, 2015) . The examples of miRNAs in these hallmarks are given in Figure.4.
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Figure 4 The role miRNAs in the hallmarks of cancer (Taken from Pichler and Calin et al 2015).

Although single miRNAs have tumor suppressor or oncogenic role, recent studies
demonstrated the global downregulation of miRNA in tumor cells with respect to the
normal tissues. This implies that the deregulation of their expressions may be due to
the impairment of miRNA biogenesis especially in the expression miRNA processors
(Zhang et al., 2015). The examples of deregulation of these processors in various

cancer are summarized in Table 1.



Table 1 Deregulation of miRNA biogenesis machinery in cancers (Adapted from Lin and Gregory,

2015).

Protein Deregulation Cancer type References

DROSHA Upregulation Cervical SCC (Muralidhar et al., 2011)
Triple-negative breast | (Passon et al., 2012)
cancer
Smooth muscle tumours (Papachristou et al., 2012)

Downregulation | Blader cancer (Catto et al., 2009)

Endometrial cancer (Torres et al., 2011)
Breast cancer (Yanetal., 2012)

DGCRS8 Upregulation Oesophagel cancer (Sugito et al., 2006)
Bladder cancer (Catto et al., 2009)
Prostate cancer (Ambs et al., 2008)

DICER1 Upregulation Smooth muscle tumours (Papachristou et al., 2012)
Gastric cancer (Tchernitsa et al., 2010)
Oral cancer (Jakymiw et al., 2010)

Downregulation | Triple-negative breast | (Avery-Kiejda et al., 2014)

cancer
Bladder cancer (Catto et al., 2009)
BCC (Sand et al., 2010)
Nasopharyhgeal carcinoma | (Guo et al., 2012)
Colorectal cancer (Faber etal., 2011)

PACT Upregulation AK, SCC and BCC (Sand et al., 2012)

XPOs Downregulation | Bladder cancer (Catto et al., 2009)

AGO; Upregulation AK, SCCand BCC (Sand et al., 2012)
Serous ovarian carcinoma | (Vaksman et al., 2012)

AGO; Upregulation AK, SCC and BCC (Sand et al., 2012)
Serous ovarian carcinoma | (Vaksman et al., 2012)

AGO, Argonaute; AK, actinic keratoses; BCC, basal cell carcinoma; DGCR8, DiGeorge

syndrome critical region 8; miRNA, microRNA; PACT, interferon-inducible double-stranded

RNA-dependent protein kinase activator A; SCC, squamous cell carcinoma; XPO5, exportin

5.
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The studies on miRNA expression profile in various cancer indicated that each cancer
has a distinct miRNA expression profile which suggest the diagnostic and prognostic
signatures of these molecules in cancer and even in its classification. For instance, the
relationship between miR-135a and the poor prognosis in Hodgkin lymphoma have
been reported in Navarro et. al. (2009) (Navarro et al., 2009). Moreover, the correlation
between miR-21 expression level and advanced tumor stages in colorectal cancer has
been shown (Schetter et al., 2012).

In addition to their diagnostic capability in cancer, the predictability of these molecules
in the therapeutic/drug efficacy have been also demonstrated in several studies
(Rothschild, 2014, Li and Rana, 2014). For instance, Scholl et. al., (2012) has
demonstrated that there is an inverse correlation between miR-451 levels and BCR-
ABL rearrangement in the diagnosis and treatment of chronic myeloid leukemia
(CML). It was reported that the level of this rearrangement which is the characteristic

of this disease, diminished with imatinib treatment (Scholl et al., 2012).

Although most clinical trial studies are based on the usage of miRNAs as
biomarkers for patient stratification, prognosis, and drug efficacy, their therapeutic
potential in cancer are under investigated(Wang and Wu, 2009, Thorsen et al., 2012).
These potential have been established and tested in animals. According to these
studies, there are two therapeutic approaches: restoring the expression of tumor
suppressor miRNAs and blocking the function of oncogenic miRNAs. These
approaches are demonstrated in Figure 5 (Alahari and Alahar, 2013).

In the first approach, to restore miRNA expression, synthetic miRNA mimics or
MIRNA expression vectors carrying a pre-miRNA sequence or an artificial miRNA
hairpin sequence are commonly used. For example, Wiggins and coworkers have
indicated that the intravenous delivery of miR-34a using lipid-based delivery vehicle
leads to block tumor growth in mouse models of non-small-cell lung cancer (Wiggins
etal., 2010).

The second therapeutic approach is based on decreasing the expression level or
blocking the function of those oncogenic miRNAs. To block miRNA, there are two

approaches: miRNA-sponge/antagomir and miRNA-mask. The sponge function as a
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competitive inhibitor of miRNAs while the mask uses chemically modified antisense

oligonucleotides perfectly complementary to miRNA binding sites of target mMRNAS

(Ebert

Figure 5 Theurapeutic approaches based on miRNA (Taken from Alahari and Alahar 2013).
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1.1.4 miRNASs in Breast Cancers

Breast cancer is a heterogeneous and complex disease that results from the
accumulation of various genetic defects. The role of miRNA deregulation in breast
cancer have been firstly demonstrated by lorio et al., (2005) by profiling of 245
miRNAs from76 breast tumor and 10 normal specimens. They indicated that 29
miRNAs were dysregulated in breast cancer as compared to the normal breast tissue.
Among them miR-125b, miR-145, and miR-10b were found to be down-regulated
while miR-21 and miR-155 were identified as up-regulated suggesting the tumor
suppressor or oncogene roles of these miRNAs (lorio et al., 2005). The later studies
also indicated that miRNA profile can be used to classify the subtypes of breast tumors
.For example, Blenkiron and colleagues has demonstrated that there is an association
between let-7 family members and tumor subtype, ER status, and tumor grade
(Blenkiron et al., 2007).

Since 2005, many studies have been performed to understand the role miRNA
deregulation in breast cancer pathogenesis. The molecular mechanisms of this
deregulation are not very well known yet. Moreover, miRNAs generally are located in
cancer-related genomic regions or fragile sites (Calin et al., 2004). Zhang and
colleagues proved that 73% of miRNA genes in breast cancer are located in the regions

with DNA copy number abnormalities (Zhang et al., 2006).

Up to now, there are various miRNAs that have been identified as biomarkers and/or
crucial regulators in both normal mammary and breast cancer development, as
demonstrated in Figure 6 (Di Leva and Garofalo, 2014). The plenty of miRNA defined
in breast cancer, indicated that they have great potential for development of original
miRNA therapeutics.
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Figure 6 miRNAs involved in breast cancer progression (Taken from Di Leva and Garofalo, 2014).

1.1.5 miR-125 Family

miR-125 is a highly conserved miRNA implicated in cancer. The miR-125 family
consists of three homologues: miR-125a, miR-125b-1 and miR-125b-2. miR-125a is
placed on chromosome 19g13 which is close by miR-99b and let-7e. There are two
mature miRNAs that are denoted as miR- 125a-3p and miR-125a-5p. They are derived
from the 3” and 5° end of the pre-miRNA-125a, respectively. However, miRNA-125b
is derived from two genes namely miR-125b-1 and miR-125b-2 which are located on
chromosome 11924 and 21921, respectively. The chromosomal location, stem loop
structures and seed sequences of miR-125 homologues are demonstrated in Figure 7
(Tsang, 2010). As can be seen from the figure, they have same seed region and very
similar sequences. Therefore, they have same mRNA targets and carry out similar
functions. However, their expression is different within different tissues that are

abundantly in some endocrine organs and some neuronal tissues. Among these, miR-
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125a was found to highly express in the spleen while miR-125b was shown to highly
express in brain and ovaries, followed by the thyroid gland, pituitary gland,

epididymis, spleen, testes, prostate, uterus, placenta and liver (www.microRNA.org).

miR-125a stem-loop:
miR-125a Chromosome 19 19913.33 . — ——
o u u a
localization, gccag ¢ cuagg aga ceu s gg <
e e o teeeen 1"
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sl = c uc a gu = ggga u
sequence.
q [ 913.33 ] miR-125a sequence: (Adopted from mirbase.org)
= d
= letIemiBNAS 5'UGCCAGUCUCUAGGUCCCUGAGACCCUUUAACCUGUGAGGACA
miR-99b miRNA > miR-125a miRNA > UCCAGGGUCACAGGUGAGGUUCUUGGGAGCCUGGCGUCUGGCC 3'

(miR-125a-5p) (miR-125a-3p)

miR-125b-1 stem-loop:
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o 5'ACCAGACUUUUCCUAGUCCCUGAGACCCUAACUUGUGAGGUAUUU
miR-125b-2 miRNA > UAGUAACAUCACAAGUCAGGCUCUUGGGACCUAGGCGGAGGGGA 3"

Figure 7 Localization, structure and sequence of miR-125a, miR-125b-1 and miR-125b-2. Red and
blue underlined sequences represent seed sequences of miRNA (Taken from Tsang,2010).

Based on the previous studies, miR-125 family have many crucial roles in cellular
processes by targeting many different transcription factors and matrix-metalloprotease
growth factors. For instance, the regulatory role of both miR-125a and miR-125b were
demonstrated in the neuronal differentiation and the pluripotency of embryonic stem
cells by targeting lin-28 mRNA(Wu and Belasco, 2005). Moreover, the negative
regulatory role of the miR-125b on p53 during embryonic development was shown by

Le and colleagues (Le et al., 2009).

The deregulation of miR-125 family in different cancers has been reported in many
studies. miR-125a has been reported to be down-regulated in various type of cancers
such as colorectal cancer, breast cancer, gastric cancer, etc.(Xie et al., 2013, Nishida
et al., 2011). In addition to their downregulation, the upregulation of miR-125b in
different cancers such as leukemia, gastric and follicular cancer, pancreatic cancers
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have been reported (Vriens et al., 2012, Bloomston et al., 2007, Bousquet et al., 2010).
The referred studies imply that this miRNA family have tissue specific oncogenic and
tumor suppressor potential which were summarized in detail in Figure 8 and Figure 9,

respectively (Banzhaf-Strathmann and Edbauer, 2014).
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Figure 8 The oncogenic potential of miR-125b in cancer (Taken from Banzhaf-Strathmann and
Edbauer, 2014).
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Figure 9 The tumor suppressor potential of miR-125b in cancer (Taken from Banzhaf-Strathmann and
Edbauer, 2014).

1.2 Cancer Metabolism

To be able to carry out proliferation, cancer cells has to reprogram their metabolism.
The earliest study related to cancer cell metabolism was performed by Otto Warburg
indicated that cancer cells have dysregulated metabolism as comparison to the normal
tissue. In this study, it has been demonstrated that cancer cells have enhanced aerobic
glycolysis under molecular oxygen defect (Warburg, 1956). This theory is known as

Warburg Effect. Since this claim, discoveries about cellular metabolism in cancer have
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rapidly increased. In 2011, Hanahan and Weinberg suggested that the reprogramming
energy metabolism is one of the hallmark of cancer cells (Hanahan and Weinberg,
2011).

During cancer development, to meet their energy requirement, cancer cells has to alter
their metabolism. Therefore, they have perturbed metabolism that enables the
accumulation metabolic intermediates as sources of cellular building blocks such as
nucleic acids, proteins and lipids. For example, uptake of glucose is enhanced in cancer
cells even in the abundance of oxygen. Moreover an increased glutamine
metabolism/glutaminolysis is emerged in these cells (Dang, 2010). In addition to the
glucose and glutamine metabolism, lipid metabolism is altered and enhanced lipid
synthesis is observed in cancer cells (Currie et al., 2013). The detailed of this

metabolism is demonstrated in Figure 10.
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Figure 10 Summary of metabolic pathways altered in cancer: aerobic glycolysis, glutaminolysis,
anaplerosis of TCA, mitochondrial oxidative phosphorilation, lipogenesis, cholesteroigenesis, lipolysis,
lipophagy, fatty acid oxidation, redox homeostasis (Taken from
(http://www.food.imdea.org/blog/2015/microtargeting-cancer-metabolism-opening-new-therapeutic-
windows-based-lipid-metabolism#sthash.6hpkQQIZ.dpuf), 2015).

1.2.1 Role of miRNAs in Cancer Metabolism

Since miRNAs regulate the expression of many targets in cells, they also have a
modulatory role in cellular metabolism.miRNA and metabolism link was recently
discussed in (Chan et al., 2015, Chen et al., 2012, Tomasetti et al., 2014).

Many miRNAs have been reported to regulate glucose metabolism through the gene
transcription and the expression of glucose transporters (GLUTSs) and glycolytic
enzymes(Fei et al., 2012, Liu et al., 2012). For example, the direct role of miR-195-5p
in the expression of GLUT3 in bladder cancer has been demonstrated by Fei et al.,

(2012). In addition, transporter regulation, their role in the control essential enzymes
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of glycolysis such as hexokinases and glyceraldehyde-3-phosphate dehydrogenase
have been reported. For instance, the inhibition of glucose metabolism in breast and
lung cancer through downregulation of HK2 by miR-143 has been indicated (Fang et
al., 2012, Jiang et al., 2012).

Similar to glucose, miRNAs target the steps in the tricarboxylic acid (TCA) cycle. For
instance, it has been demonstrated that miR-183 has a role in the regulation of
isocitrate dehydrogenase 1 in glioma cells (Tanaka et al., 2013) and miR-378 also has

arole in the regulation of the TCA cycle in breast cancer (Eichner et al., 2010).

The control of glutaminolysis by miRNAS has been also reported (Gao et al., 2009).
In 2010, Hu and colleagues have demonstrated that p53 is a target of miR-125b, miR-
30 and miR-504 and it has a regulatory role in maintaining glutamine levels (Hu et
al., 2010) .

Recent studies have indicated that miRNAs have also essential role in lipid and
aminoacid metabolism (Chan et al., 2015, Flowers et al., 2013). Tili et al., (2012) have
reported that in chronic lymphocytic leukemia, miR-125b targets several metabolic
enzymes such as phosphatidylcholine transfer protein (PCTP), lipase A (LIPA). (Tili
etal., 2012).

The regulation of miRNAs in cancer metabolism is also through the regulation of
signaling pathways such as p53, c-Myc. The relationship between miRNA and tumor
suppressors and oncogenes is shown in Figure 11 (Gao, 2011). For instance, the p53
induced suppression of c-Myc expression by miR-145 has been reported (Sachdeva et
al., 2009) and the targets of c-Myc in the glycolysis and oxidative phosphorylation
such as LDHA GLUT1, HK2, PFKM, ENOL1 expression have been also demonstrated
(Shim et al., 1997).
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Figure 11 The role of miRNAs in cancer cell metabolism. The relationship between miRNAs and
oncogenes (cMyc, HIF-1, mTOR, AMPK, etc, indicated in red), tumor suppressors (P53 and PTEN,
indicated in blue) to glycolysis, mitochondrial respiration and glutaminolysis pathways of cancer cells
are indicated (Taken from Gao 2011).

1.3 Spectroscopy

Spectroscopy describes the interactions between electromagnetic radiation and
matter. This radiations, including light, has characteristics of waves and particles and

is categorized due to the frequency of its wave.

Each "particle” of light/photon has a distinct amount of energy that can be transferred
to a molecule. When matter interacts with electromagnetic radiation, it can transmit,

absorb or reflect this radiations based on the energy levels of them. It has been known
that the energy of the photons is related to the frequency (V) and wavelength () of the

light as described in the two equations:

E:hv and v=c/ A

h:Plancks’s constant
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c: speed of light

Therefore high energy radiation (light) will have high frequencies and short

wavelengths.

The range of wavelength and frequencies in light is defined as electromagnetic
spectrum and this spectrum includes the electromagnetic wave energies having
wavelengths from thousands of meters, such as the radio waves, down to size lower

than the angstrom for the gamma rays (Figure 12)(http://zebu.uoregon.edu).

THE ELECTRO MAGNETIC SPECTRUM

Wavelength
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Radio Microwave Infrared Visible Ultraviolet X-Ray Gamma Ray
1 1 I 1 1 1 1
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Figure 12 The spectrum of electromagnetic waves ranges from low-frequency radio waves to high-

frequency gamma rays (Adapted from http://zebu.uoregon.edu).

Spectroscopy can be occurred due to the enery transfer between the photon and the
sample. The samples of these technique and type of energy transfer are shown in Table
2.
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Table 2 Examples of spectroscopic techniques (Retrieved from
(http://www.asdlib.org/onlineArticles/ecourseware/Analytical%20Chemistry%202.0/Text_Files.html).

Type of Enery Transfer Region of Spectroscopic Technique
Electromagnetic
Spectrum
Absorption y-ray Maossbauer spectroscopy

X-ray X-ray absorption
spectroscopy
UV/Vis UV/Vis spectroscopy
atomic absorption
spectroscopy
IR infrared spectroscopy
raman spectroscopy
Microwave microwave spectroscopy
Radio wave electron spin resonance
spectroscopy
nuclear magnetic resonance
spectroscopy
Emission (thermal UV/Vis atomic emission
excitation) spectroscopy
Photoluminescence X-ray X-ray fluorescence
UV/Vis fluorescence spectroscopy
phosphorescence
spectroscopy
atomic fluorescence
spectroscopy
Chemiluminescence UV/Vis chemiluminescence
spectroscopy

1.3.1 Infrared Spectroscopy

This  spectroscopic  techniques use IR  light which  covers the
wavelengths range from approximately 0.7 um to 1 mm. They can be divided in three
regions: the near-, mid- and far- infrared, named after their relation to the visible
spectrum (Smith, 1998).
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Region Wavenumber range (cm?) Wavelength (um)

Near 14000-4000 0.8-25
Middle 4000-400 2.5-25
Far 400-4 25-1000

When infrared radiation interacts with matter, radiation is absorbed and leads to the
excitation of molecules into the higher vibrational levels and chemical bonds vibrate
at characteristic frequencies and different modes such as the stretching and bending
etc. The examples of these mode of are demonstrated CH> molecules in Figure 13

(Marcelli et al., 2012). A molecule or a bond must have a dipole moment in order to
be IR active.

[/
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' ‘Q"
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Figure 13 The vibrational modes associated to a molecular dipole moment change detectable in an IR
absorption spectrum (Taken from Marcelli et. al., 2012).



Since each sample can absorb specific characteristic infrared wavelength due to its
molecular structure, IR spectroscopy can be successfully used to detect subtle changes
in biomolecules. Any pathological, physical or physiological changes in the molecule
alters biochemical constituents of biological systems. Therefore this technique enables
to identify chemical bonds and functional groups of cells or tissues which eventually
leads to the monitoring of molecular changes including proteins, carbohydrates, lipids

and nucleic acids (Diem et al., 2008).

1.3.1.1 Fourier Transform Infrared Technology

FTIR spectrometer is based on the Michelson Interferometer which uses the beam
splitter for taking the incoming IR light and dividing it into two optical beams. Then
one beam goes to a fixed flat mirror while the other one goes to a moving flat mirror
which moves a few millimeters away from the beam splitter. Two beams recombine
at the beam splitter after reflection (Figure 14). These two beams interfere with each
other and the resulting signal is called as interferogram. Data points that compose the
signal in an interferogram, has information about each infrared frequency from the
origin. In other words, when an interferogram is measured, all the frequencies are
simultaneously measured, too. By measuring the interferogram, all the frequencies are
being measured simultaneously this gives the advantage of highly fast measurements.
Fourier transformation is a mathematical function, enables to convert an interferogram
into an intensity-versus-frequency spectrum. This conversion is performed by a
computer and a plot of intensity against frequency (cm™) is presented for further

analysis (Figure 14).

Prior to collection of sample spectrum, a background spectrum is collected for relative
scaling of absorption intensity. Then this background spectrum is compared with the
spectrum of the sample of interest to determine the “percent transmittance” and to
remove the instrumental characteristics and finally to get pure spectrum where all the

signals are due to the sample.
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Figure 14 Basic principles of FTIR spectrometer (Taken from Gasper, 2010).

As comparison to the other bioanalytical techniques FTIR spectroscopy have several
advantages given in detail Table 3. Due to these advantages, it became a powerful and
sensitive tool used by many scientific groups over world to record fingerprints of
complex mixtures such as biological samples and to identify biochemical and
structural alterations in molecules of different biological systems (Kazarian and Chan,
2006, Goormaghtigh et al., 1999, Baker et al., 2014, Derenne et al., 2011, Gasparri and
Muzio, 2003, Di Giambattista et al., 2011, Movasaghi et al., 2008, Levin and
Bhargava, 2005, Severcan et al., 2010, Severcan and Haris, 2012, Turker et al., 2014b,
Turker etal., 20144, Ozek et al., 2014, Sen et al., 2015, Severcan et al., 2005, Cakmak
et al., 2006, Diem et al., 2008).
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Table 3 The advantages of FTIR spectroscopy

Speed

Sensitivity

Non-disturbing

Mechanical simplicity

Internally calibrated

Spectra can be collected in seconds instead of
minutes because of the simultaneous
measurements of the all frequencies (known as
"Felgett Advantage™) (Diem et al., 1999).

FTIR has an improved sensitivity since the
higher sensitivity of the detectors and the higher
optical throughput (known as "Jacquinot
Advantage™) that results in lower noise levels
(Stuart, 1997)The higher sensitivity allows
getting infrared spectra in a high quality from as
low as few micrograms sample amounts
.Moreover, samples can be investigated in
diverse physical states; solids, liquids and gases.

It is a non-disturbing technique which provides
structural and functional information about the
sample (Dogan et al., 2007).

Mechanical breakdown is a very small
possibility since the only moving part of the
instrument is the moving mirror.

FTIR spectrometer is self-calibrating and uses a

HeNe laser which is called as "Connes
Advantage".

1.3.1.2 Attenuated Total Reflection Mode in FTIR Spectroscopy

Generally, the spectra of sample are collected in transmission mode. In this mode the

IR beam (10) passes through the sample and the transmitted beam (1) is analyzed.

(Figure 15.A). In addition to this, sample spectra are recorded within reflectance mode.

However, recently, using the reflection mode has become popular. This technique is
called Attenuated Total Reflection (ATR)-IR spectroscopy. One of the basis of this

technique is that the refractive index of ATR crystal must be remarkably greater than

the index of sample. The second one is that the good contact between the sample and
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crystal should be achieved. To able to create higher refractive index, the materials with
high refractive index are used for ATR crystal e.g.diamond, amorphous material
transmitting infrared (AMTIR), germanium and silicon, zinc selenide (ZnSe)
(Kazarian and Chan, 2006).

In ATR mode, IR beam is directed into crystal with high refractive index called also
internal reflection element (IRE). In this element, some internal total reflections are
occurred depending on its length, until the beam comes out and reaches the detector.
When IR beam hits the surface of crystal, electric part of the electromagnetic beam,
known as evanescent wave, gets out and interacts with the sample at the crystal-sample
surface. This wave extends into the sample which is placed onto the crystal up to 0.5u
to Su. Evanescent wave is being attenuated when the sample absorbs the related
spectral energy. Then attenuated energy is passed back to the IR beam and leaves the
crystal from opposite end and finally reaches the detector to generate the infrared
spectrum (Figure 15 B) (Goormaghtigh et al., 1999, Gasper, 2010).

Similar to FTIR spectroscopy, ATR-FTIR provides rapid, sensitive and simultaneous
monitoring of different functional groups of molecules in the biological systems. Other
advantages, such as small sample size and ease of sample preparation, make this
technique a good candidate for biological studies. The samples can be directly
investigated without any preparation processes by placing them on the ATR-crystals.
In addition, ATR-FTIR studies are not affected by the sample thickness.
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Figure 15 The comparison between transmission and ATR mode in IR spectroscopy (Taken from
Gasper et. al., 2010).

1.3.1.3 Infrared Spectroscopy on Cells and Tissues

Since IR spectroscopy has ability to monitor different molecules without causing any
perturbation in the systems, it is an excellent method to be applied to biological
samples. Therefore its utility for the nondestructive analysis of biological specimens
has been continuously and rapidly increasing within recent years. A typical IR spectra
of breast tissue section and their spectral bans assignments are demonstrated in Figure
16. As can be seen from the figure, spectra contains many spectral bands arising from
different molecules (Baker et al., 2014). By performing qualitative and quantitative
analysis of these bands, information related to the biomolecular composition and
dynamics of the sample can be obtained easily. For examples, the analysis of spectral
bands in the C-H stretching region including saturated and unsaturated lipid associated
bands, lipid content, fluidity and order (acyl chain flexibility) information can be
obtained at membrane, cell and tissue levels. Moreover, the fingerprint region (1800-
650 cm™) contains sample specific spectral bands arisen from protein, lipid,
carbohydrate and nucleic acid (Severcan and Haris, 2012).As can be deduced from the
figure, IR cell/tissue spectrum represents the sum of all the individual component
spectra, weighted with respect to their abundance in the cell (Baker et al., 2014) .
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Figure 16 Typical biological spectrum showing biomolecular peak assignments from 3000-800 cm ~ ',
where v = stretching vibrations, § = bending vibrations, s = symmetric vibrations and as = asymmetric
vibrations. The spectrum is a transmission-type micro-spectrum from a human breast carcinoma (Taken
from Baker et. al.,2014).

Since more than three decades, IR spectroscopy has been commonly used to extract
biochemical information of cells within different conditions These studies indicated
that, this method can be used in the discrimination of premalignant cells from
malignant cells, the assessment of apoptosis in cancer/other cells after anticancer
drug/chemical agent treatment and the monitoring and classification of anticancer drug
effects and so on (Derenne et al., 2011, Gasparri and Muzio, 2003, Di Giambattista et
al., 2011, Movasaghi et al., 2008).
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1.4 Electron Spin Resonance (ESR) Spectroscopy

Electron Spin Resonance (ESR) spectroscopy, also referred to as Electron
Paramagnetic Resonance (EPR) spectroscopy, is a versatile, nondestructive and
powerful analytical technique based on the absorption of microwave radiation in
presence of an applied field by paramagnetic species. The unpaired electrons in any
system can be detected which gives information about structure and dynamic of the
system occurred during chemical or physical reactions. Therefore it is widely used in
different application areas as itself or complementary techniques to other analytical

methods.

Most of the biological samples do not contain unpaired electron whose spin transitions
does not give rise to an ESR signal. Therefore, the use of extrinsic probes called spin
label are required to able to obtain ESR signal in these samples. Most popular labels
are nitroxide derivatives with a stable unpaired electron and a functional group for
specific attachment to a molecule of the system under study(Severcan and Cannistraro,
1988) and they have been widely used as spin labels in studies of biological
membranes and model membrane systems (Thomann et al., 1984). Since these spin
labels are specifically incorporated into membranes, the information about the
different region of the membrane can be acquired. Among these labels 16 doxyl stearic
acid is one of the commonly used spin labels to obtain information about membrane
fluidity of the system. This label comprises a nitroxide free radical attached to the 16-
carbon position of an 18-carbon fatty acid chain (Fig 17). Perpendicular to the bilayer
normal, the nitroxide ring includes an unpaired electron in the nitrogen p-orbital
parallel to the bilayer normal. Being near the end of the hydrocarbon chain, this spin

probe reports dynamics of the inner membrane rather than the headgroup region.
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Figure 17 Structure of spin label 16-DSA. The nitroxide spin label (left end) is located at the 16-
carbon position of the 18-carbon fatty acid chain.

By analysis of the line positions and line shapes of the bands in ESR spectrum within
liquid solutions or liquid crystals, membranes, solids, the information about the rate of
motion of the label, the structure, order, viscosity, polarity of the system can be
obtained. It has been known that relative anisotropy directly related to the rotational
mobility of the spin label which can be correlated with the probe microenvironment
under investigation. Therefore the change in its mobility allows to study the membrane
fluidity and often yields useful information on the dynamic state of membrane
phospholipids in different biological sytems (Deo and Somasundaran, 2002).

1.5 Chemometrics in Biospectroscopy

Chemometrics are the application of statistical and mathematical tools to extract the
chemically relevant information from the chemical data of vibrational spectroscopy
(Lavine, 2000). Since, vibrational spectra contains many molecular-associated spectral
bands, they are very information-rich. Therefore, to able to acquire meaningful data
from spectra of different samples, the necessity of multivariate data analysis are
inevitable over univariate analyses techniques. Multivariate analysis methods are
divided into two groups; unsupervised/supervised chemometric approaches and
multivariate calibration methods, respectively. The first approaches are commonly
used for qualitative identification/classification of studied groups. The second method
is used for quantitative measurements of metabolites in the studied system (Brereton,
2003).
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In unsupervised chemometric approaches, there is no need for priori information about
studied samples like healthy vs disease while in supervised ones, this information is
required. Therefore, clustering pattern of the samples are obtained randomly.
However, in supervised approach, this pattern is created based on the training set of
samples with known categories. Then the power of method is evaluated by testing the

samples with respect their classification predictions (Massart et al., 2003).

Among the unsupervised methods, principal component analysis (PCA) and
hierarchical cluster analysis (HCA) are widely used. Principal Component analysis
(PCA) are chosen in spectroscopy for decoding the spectra containing overlapping
regions (Levin and Bhargava, 2005) enabling the identification of which
characteristics or which combinations of characteristics vary most between
individuals. It is a powerful dimension-reduction technique Thus, PCA is employed to
reduce dimensionality and generate a visualization of data (fairly similar to clustering).
In this methods, two types of plots are obtained: score and loading plots. Score plots
are used to indicate relationship studied groups while loading plots are used to indicate
the degree of contributions of spectral variations among sample groups. Both loading
and score plots are created based on the principal components (PCs). PCs can be
ranked according to the magnitude of variance captured by each corresponding PCA
factor. Usually, the first 3 PCs contain up to 99% variance. The advantage of PCA lies
in the fact that it is an unbiased technique in the sense that no information about the
classes is inputted into the algorithm, resulting in a representation of the true variability
within the data (Severcan and Haris, 2012).

Another unsupervised technique is HCA. Cluster analysis is applied to observe
whether there is discrimination or not between sample groups. Samples are grouped
based on their characteristic specificities. Similar samples tend to be classified in a
same group in the clustering which can be shown as a dendrograms. Ward’s algorithm
is commonly used and the distances between groups are created by Euclidean Distance
value. In dendogram, differences between the clusters are indicated with heterogeneity
values. In data analysis, primarily usage of techniques like PCA, can be useful for the

determination of general relationship web among data. However, cluster analysis must
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be performed if one wants to show grouping of similar data gathered from different

samples (Severcan et al., 2010, Severcan and Haris, 2012).

Among supervised approaches, there are several differences. For example, in linear
discriminant analysis (LDA) discrimination is focused while in soft independent modelling of
class analogy (SIMCA), similarity within a class is emphasized. Another difference is
being linear and non-linear methods like neural methods. The last difference is divides

the parametric and non-parametric computations (Danzer et al., 2013).

Prior to chemometric analysis, to be able to reproducible and accurate data, spectra are
preprocessed. Preprocessing generally composed of baseline correction, normalization

and cutting as indicated in Figure 18.

Pre-processing

* Niescatteringcorrection

|:> * Smoothing

* Baseline correction
* DMormalization

Figure 18 The preprocessing steps applied to spectral data.

1.6 Aim of the Study

Since miRNAs have serious roles in various biological processes, the deregulation of
these micromanagers are expected to cause to cancer initiation and progression.
Moreover, it has been predicted that single miRNA can target hundreds or thousands
of MRNAs on the basis of sequence complementarity. There have been many studies
to elucidate the role of these molecules in cancer etiopathogenesis. These studies are
based on the individual determination of mMRNA targets of miRNA by genetic and
bioinformatics approaches. The discovery of the reciprocal action between an mRNA
and a corresponding miRNA is of great importance for describing the roles of miRNAs

in biological systems. However, more integrated and universal applications are
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required to detect the comprehensive alterations in cells originated from miRNA
expression. In the current research, the global impacts of miR-125b transfection on
MCF7 and T47D cells were investigated since this miRNA is one of the downregulated
mIiRNA in breast cancer .The low expression level of this miRNA was demonstrated
in these cell lines in comparison to the other breast cancer cell lines (Tuna, 2010,

Akhavantabasi et al., 2012). In the present study, there are three main specific aims:

By the combination use of various spectroscopic, biochemical and unsupervised

chemometric analysis approaches,

1- To examine and describe the comprehensive impacts of miR-125b transfection
on MCF7 andT47D cells, which are lacking and expressing miR-125b.

2- To determine this miRNA transfection-induced alterations especially in the
lipid constituents/composition of these cancer cell lines from their lipid
extracts.

3- Todiscriminate the miR-125b and EV transfected MCF7 and T47D cells based

on their spectral variations.

35



36



CHAPTER I

MATERIAL AND METHODS

2.1 Cell Culture Experiments

2.1.1 Cell Culture and Growing Conditions

MCF7 and T47D cell lines were a kind gift from Dr. U.H. Tazebay (Gebze Institute of
Technology). Both cells were grown as described in detail in the previous study (Ozek
et. al., 2010)

2.1.2 Transfection of Mammalian Cells

Empty vector and miR-125b transfected MCF7 and T47D cells were generated by
Dr.Ayse Elif ERSON-BENSAN’s laboratory (Akhavantabasi et al., 2012, Tuna,
2010). The long term maintenance of transfected cells, 250ug/mL of G418 antibiotic,
Gentamycin, from Roche (Cat# 4727878001) was used.
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2.2 ATR-FTIR Spectroscopic Study

2.2.1 Sample Preparation

2.2.1.1 Cell Studies

For ATR-FTIR experiments, control (EV) and miR-125b transfected MCF7 and T47D
cells were grown in an independent manner and harvested 20 and 10 times,
respectively. To obtain a cell pellet, cells were grown until proper confluency (75-80
%), then trypsinized and the number of the cells was determined via a hemacytometer.
2x 10° control and transfected cells were taken and centrifuged at 100g for 5 min. Cell
pellet was resuspended with 10 pl 0.9% phosphate buffer saline solution (PBS) for
ATR-FTIR experiments.

2.2.1.2 Cellular Lipid Experiments

a) Cell Growth: Cells were grown until 80% confluency at 175 cm? culture
flasks, detached by treatment with trypsin. To be sure about the complete removal of
trypsin and culture medium, the cell pellet firstly washed three times in isotonic
solution (NaCl, 0.9%) and lastly in pure desalted water by a 2-minute centrifugation
(300 g). For each cell group, five 175 cm? culture flasks were used to get high quality
IR spectra of cellular lipids.

b) Extraction of Cellular Lipids

For cellular lipid extraction, the protocol determined by Bligh and Dyer (Bligh and
Dyer, 1959) was used. Firstly, cell pellet were resuspended with 250 pl of
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chloroform/500 ul of methanol mixture and vortexed. Secondly, 16.8 ul of
hydrochloric acid (6M) and 250ul of chloroform were added to the solution and
vortexed again. Thirdly, 250ul of pure desalted water was added into the mixture and
vortexed again. Finally, the solution was incubated at 4°C during 24 hrs and then
centrifuged at 300g for 10 min. Total lipid content was finally collected in the lower

phase and the lower phase was carefully collected for ATR-FTIR measurements.

2.2.2 Data Acquisition

2.2.2.1 Cell Studies

For the collection of the IR spectra of the cells, the one-bounce ATR mode in a
Spectrum 100 FTIR spectrometer (Perkin-Elmer Inc., Norwalk, CT, USA) equipped
with a Universal ATR accessory were used. Total 20 and 10 independent spectra for
control (EV), miR-125b transfected MCF7 and T47D cells were collected,
respectively. The collection of the cell spectra were performed as mentioned clearly in
our study (Ozek et.al.,2010).

2.2.2.2 Cellular Lipid Studies

All cellular lipid spectra was collected using by the ATR-FTIR spectrometer (Perkin-
Elmer Inc., Norwalk, CT, USA) Briefly, 10 ul of lipid extracts for every single
measurement was directly put on the ATR crystal and waited at RT to evaporate
solvents and thin lipid layer was obtained. The spectra was collected at 4000-650 cm™
! spectral region, 200 scans with 2 cm™ spectral resolution. Five cellular lipid extract
samples for each group were used for IR measurements. At least 10 lipid spectra was

obtained for each group.
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2.2.3 Spectral Data Analysis

2.2.3.1 Cell Studies

All spectral data analysis were performed by using OPUS 5.5 software (Bruker Optics,
GmbH). To obtain accurate and sensitive spectral changes between EV and miR-125b
transfected cells, the second order derivative spectra was used since it enables the
correct discrimination and identification of superimposed and unresolved IR spectral
bands Absorption maxima appear as minima in the second derivatives. For this reason,
minimum positions were used for the comparisons in the second derivative spectra.
Therefore, to calculate the wavenumber, intensity and bandwidth values of spectral
bands, the second derivative order of the cell spectra was taken and subsequently
vector normalized in three IR regions (30502800 cm, 1800— 480 cm !, 1480-800

cm?).

2.2.3.2 Cellular Lipid Studies

To identify the miR-125b transfection induced alterations in the types of breast cancer
cells lipids, firstly, the band assignments of the spectral bands in extracted lipid IR
spectra was determined based on the studies of FTIR spectroscopy and tissue/or cell
lipids. Then the band area of these bands are from the baseline corrected spectra by
Spectrum 100 software (PerkinElmer Inc., Norwalk, CT, USA).
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2.2.4 Chemometric Analysis

To discriminate the EV and miR-125b transfected MCF7 and T47D cells and cellular
lipids based on spectral alterations, Hierarchical cluster analysis (HCA) and Principal

Component analysis (PCA) were performed as an exploratory analysis.

For HCA, OPUS 5.5 software (Bruker Optics, GmbH) was used. For cell studies, the
second derivative vector normalized spectra at 3050-900 cm™ and 3800-800 cm
spectral regions were used for MCF7 and T47D cells, respectively. For cellular lipid
studies, the mean centered absorbance spectra at 4000-650 cm™ spectral region were
used. In both analysis, Pearson’s correlation coefficients was used to calculate spectral
distance between pairs of spectra. To construct the dendrogram, Ward’s algorithm was
used. The separation of EV and miR-125b clusters was based on the Euclidean
distances as described in detail (Severcan et al., 2010).

PCA was performed using Unscrambler X 10.3 (Camo Software AS) multivariate
analysis (MVA) software .The mean centered absorbance spectra at 4000-650 cm™
spectral region were used for both EV and miR-125b MCF7 and T47D cells and
cellular lipids the loading plots constructed to find the contribution of spectral bands
in the discrimination of EV and miR-125b transfected groups. Discrimination between

the groups was shown as score plots.

2.3 Measurement of lipid peroxidation (TBAR assay)

To determine lipid peroxidation level, malondialdehyde (MDA) levels were measured
by using Abcam’s Lipid Peroxidation Assay Kit (Abcam, Cat.-No. ab118970,
Cambridge, UK) For standard solution, 0,2,4,6,8 and 10 uM MDA solution were
prepared. For cell samples, both control and miR-125b transfected cells were grown
at 80 % confluency, harvested with trypsin and then washed with cold PBS buffer. The

cells were homogenized with lysis solution (buffer + buthylatedhydroxytoluene
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(BHT)) using sonicator and were centrifuged at 13,000 x g for 10 minutes and
supernatant was collected. 600 puL of TBA reagent was added into both 200 pL
standard and 200 pL sample and incubated at 95°C for 60 minutes. After cooling them
down to the room temperature in an ice bath for 10 minutes, the absorbance of mixture

was measured at 532 nm. MDA values were calculated and expressed as nmol.

2.4 Electron Spin Resonance Spectroscopic Study

ESR spectroscopy was used to identify the alterations in the membrane dynamics in
EV and miR-125b transfected MCF7 and T47D cells, as it has been commonly used
in previous cell culture studies (Ogura et al., 1988, Rossi et al., 1999). 16-doxyl-stearic
acid (16-DSA) spin label was used to label lower part of the acyl chain of membrane
lipids. The labelling of the cells and the collection of their ESR spectra were performed
as explained clearly in a previous study (Ozek et. al.,2010) .The results of ESR spectra
for control MCF7 and T47D cells was demonstrated in Figure 19. The membrane
fluidity information was obtained from the calculation of the rotational correlation

time (z_) from spectra which monitor the lower part of the acyl chain of membrane

lipids using 16-doxyl stearic acid spin label based on using the formula given below;

¢ =6.5x10""W, |r{:—°}% - 11|

L

where K = 6.5 x10"° s G is a constant depending on microwave frequency and the

magnetic anisotropy of the spin label, w, is the peak-to-peak width of the central line,

and —= is the ratio of the heights of the central and high field lines, respectively

-1

(Severcan and Cannistraro, 1990).
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Figure 19 Representative ESR spectra of 16DSA labelled MCF7-EV (A) and T47D-EV (B) cells.

2.5 Statistical Data Analysis.

For MCFT7 cells, the mean was calculated from 20 independent FTIR spectra while for
T47D cells, the mean was calculated from 10 independent FTIR spectra. All the results

in figures were demonstrated as meanz standard error of mean. To assess the statistical
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significance of data for control and miR-125b transfected cells, Student-t test was
performed. p values equal to or less than 0.05 were considered as significantly different
from the control group. The degree of significance was denoted as: *p < 0.05, **p <
0.01, ***p < 0.001, ****p < 0.0001.
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CHAPTER 11

RESULTS AND DISCUSSION

miR-125b is one of the most consistently down-regulated miRNA in breast cancer
compared to normal tissue (lorio et al., 2005). One reason of this downregulation is
hypermethylation of the miR-125b promoter regions as demonstrated in breast cancer
cells and tissues (Zhang et al., 2011). The other reason is the deletion of the miR-125b
loci (Calin et al., 2004). Similarly, miR-125b-1 and miR-125b-2 were shown to be
down-regulated in breast tumors, as compared to normal tissues (Volinia et al., 2006).
Several studies have been conducted to determine the role of the miR-125b in breast
cancer etiopathogenesis (Scott et al., 2007, lorio et al., 2005, Zhang et al., 2011). For
instance, Scot and his colleagues demonstrated that the miR-125b reexpression led to
the inhibition of ERBB2 and ERBB3 expression and signaling thus inhibiting the
proliferation of human breast cancer cells (Scott et al., 2007).

It has been demonstrated that the down-regulation of miR-125b induced the activation
of the ERBB2 pathway and thus stimulated promoting cell survival in metastasis of
breast cancer (Banzhaf-Strathmann and Edbauer, 2014, Ferracin et al., 2013). Hence,
down-regulation of miR-125b correlates with the aggressiveness and metastatic
property of the breast cancers which is ERBB2 positive (Scott et al., 2007). The
reduced expression of this miRNA stimulates the expression ETS1 gene, which has a
role in cell cycle transition, cell growth and proliferation (Zhang et al., 2011). In
addition to these studies, Akhavantabasi et. al., (2012) demonstrated that ARID3B,
which has role in cell maotility, is the target of miR-125b in breast cancer cells. Akman

et al., (2015) has also demonstrated the miR-125b reexpression led to increase in the
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expression of activated leukocyte antigen molecule (ALCAM) mRNA and protein
levels (Akhavantabasi et al., 2012, Akman et al., 2015).

Most of the studies, that performed to clarify the roles of miR-125b in breast cancer,
are based on the determination of single mRNA target of miR-125b. To uncover this
miRNA in the tumorigenesis and progression of breast cancer cells, comprehensive/
holistic approaches are required. Therefore, this study was conducted to clarify the
miR-125b transfection induced alterations in the molecular profile of MCF7 and T47D
cell lines since low/no expression of miR-125b was demonstrated in these cell lines
(Akhavantabasi et al., 2012, Tuna, 2010). In addition to whole cell studies, we
investigated whether this miRNA reexpression lead to the changes in the constituents
of cellular lipids. Moreover, we explored whether miR-125b reexpression induced

alterations lead to distinguish miRNA transfected cells from EV cells or not.

3.1 Characterization of miR-125b Reexpression Induced-Molecular Alterations

in Breast Cancer Cells

3.1.1 ATR-FTIR Spectroscopy

3.1.1.1 Spectral Analysis

Second derivative ATR-FTIR spectra of EV transfected MCF7 and T47Dcells in the
3050-2800 cm?, 1800-1480 cm™ and 1480-900 cm™ regions were given in Figure 20
A, B and C, respectively. The characteristic frequency values and detailed assignments
of these bands were given in Table 4. Since the infrared spectra of MCF7 and T47D
cells consists of many spectral bands arisen from the lipids, proteins, polysaccharides
and nucleic acids, the detailed spectral analysis was performed in three different
spectral regions: 3030-2800, 1800-1480 and 1480-900 cm™.
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Figure 20 Representative second derivative spectra of EV transfected MCF7 and T47D cells in the
3050-2800 cm™ (A), 1800-1480 cm™ (B) and 1480-900 cm™?(C) regions (Adapted from Ozek et.
al.,2010).
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Table 4 Band assignments of major absorptions in IR spectra of breast cancer cell in the 3030-900 cm™!
region based on literature (Choo et al., 1995, Jackson et al., 1998, Banyay et al., 2003, Ramesh et al.,
2002, Mourant et al., 2003, Salman et al., 2001, Diem et al., 1999, Gasper, 2010, Kazarian and Chan,
2006, Baker et al., 2014, Derenne et al., 2011, Severcan et al., 2010, Severcan and Haris, 2012, Turker
et al., 2014b, Ozek et al., 2014, Severcan et al., 2005, Cakmak et al., 2006) (Taken from Ozek et.
al.,2010).

Peak no. Wavenumber (cm™) Definition of the spectral assignment

Olefinic=CH stretching vibration: unsaturated
1 3008 -

lipids, cholesterol esters

CHs antisymmetric stretching: lipids, protein side
2 2958 chains, with some contribution from carbohydrates

and nucleic acids

CH; antisymmetric stretching: mainly lipids, with

3 2921 the little contribution from proteins, carbohydrates,
nucleic acids
CHs; symmetric stretching: protein side chains,
4 2870 lipids, with some contribution from carbohydrates

and nucleic acids
CH; symmetric stretching: mainly lipids, with the

5 2851 little contribution from proteins, carbohydrates,
nucleic acids

6 1740-1744 Ester C=0 stretch: triglycerides, cholesterol esters

7 1651 Amide I: (mainly protein C=0 stretching), a-helical
structure

8 1631 Amide I: S-sheet

9 1546 Amide Il: (protein N—H bending, C-N stretching),a-
helical structure

10 1468 CHj scissoring: lipids

CH> bending: mainly lipids, with the little

1 1453 contribution from proteins

12 1400 COO- symmetric stretching: fatty acids

13 1367 CHs; symmetric bending:lipids

14 1343 CH, wagging: phospholipid, fatty acid, triglyceride

, @mino acid side chains

PO-, antisymmetric stretching, fully hydrogen-
15 1238 bonded: mainly nucleic acids with the little
contribution from phospholipids
CO-0O-C asymmetric stretching: ester bonds in

16 1171
cholesteryl esters
17 1121 Ribose ring vibrations:RNA
PO-, symmetric stretching: nucleic acids and
18 1084 phospholipids
C-O stretch: glycogen, polysaccharides, glycolipids
19 1045 C-O stretching: polysaccharides (glycogen)
20 1020 DNA
21 968 C—Ni-C _stre?ch: _nucleic acids, ribose-phosphate
main chain vibrations of RNA-DNA
22 933 Z type DNA
23 915 Ribose ring vibrations:RNA/DNA
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3.1.1.1.1 Lipids

To monitor the alterations in the lipid content of the biological systems the C-H
stretching region are commonly used. This region is located between 3030-2800 cm ™!
spectral region and contains several spectral bands which are due to the olefinic (=
CH), CHz and CHs stretching groups. To determine the changes in unsaturated lipids
and unsaturation index, the olefinic band (3008 cm™) is commonly used
(Krishnakumar et al., 2009, Gasper et al., 2009, Severcan et al., 2005). A significant
diminish in the intenstiy of this band was found in miR-125b transfected MCF7 and
T47D cells as comparison to the their EV transfected cells (Figure 21 and 22, A,B).
This reduction revealed the decline in unsaturated lipid content. In addition to the
olefinic band, the CH=CH/CH: ratio is also used to determine unsaturation index
(Kinder and JM Wessels, 1997). This ratio was also significantly decreased (Figure 21
and 22 C) in MCF7-125b and T47D-125b cells, which also indicates a decrease in the
amount of unsaturated bonds in the structures of the lipids. It has been demonstrated
that the olefinic band can be used to identify lipid peroxidation Krishnakumar et al.,
2009, Leskovjan et al., 2010, Kinder and JM Wessels, 1997, Gasper et al., 2009,
Severcan et al., 2005). For that reason, the decrease in the unsaturated lipid content
may be arisen from a diminish in the synthesis of unsaturated lipids or an increment in
the oxidative degradation of lipids. To prove the increase in lipid peroxidation in miR-
125D transfected cells, we measured the malondialdehyde level, which is the indicator
of lipid peroxidation by Lipid Peroxidation Assay Kit. Their results are demonstrated
in Figure 23. As can be seen from the figure, MDA levels were significantly increased
for both miR-125b transfected breast cancer cells, which is in accordance with our
FTIR results. Previous reports proposed that polyunsaturated fats encourage
proliferation and alter attachment properties of the cells (Kasayama et al.,
1994 Johanning, 1996, Rose and Connolly, 1990). Moreover, recent spectroscopic
study showed that the metastatic characteristics of breast cancer cells has been linked
to elevated polyunsaturated lipid composition (Hedegaard et al., 2010). Cell growth is
also inhibited by lipid peroxidation (Morisaki et al., 1982).As a result, the decrease in
the composition of unsaturated lipids and higher amount of lipid peroxidation induced
by the transfection of miR-125b can alter the growth profile of MCF7 and T47D breast

cancer cell lines.
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Figure 21 A) Representative second derivative spectra of EV and miR-125b transfected MCF7 cells in
the 3030-2800 cm region B) The absolute intensity of olefinic (CH=CH) band and C) the intensity
ratio of olefinic/CH, antisymmetric stretching bands in these groups (Adapted from Ozek et. al.,2010).
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Figure 22 A) Representative second derivative spectra of EV and miR-125b transfected T47D cells in
the 3030-2800 cm region B) The absolute intensity of olefinic (CH=CH) band and C) the intensity
ratio of olefinic/CH; antisymmetric stretching bands in these groups.
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Figure 23 Malondialdehyde amount (nmol) in EV and miR-125b transfected MCF7 (A) and T47D (B)
cancer cells.
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To clarify miR-125b reexpression-induced alterations in the structure and
concentration of cancer cell lipids, the CH2 asymmetric and symmetric stretching
bands were analyzed since these bands are arisen from lipid acyl chains (Table 4)
(Gasper et al., 2009, Severcan et al., 2005, Turker et al., 2014a, Ozek et al.,
2014). Significant decline in the intensity values of these bands were obtained in miR-
125b transfected MCF7 and T47D cells , which implies the diminish in saturated lipid
content of these breast cancer cells.(Figures 24 B, C and 25 B, C). In addition to these
bands, the diminish in the intensity values of the CH> scissoring (1468 cm™) and
COO™ symmetric stretching (1400 cm™?) bands was acquired, which also supports the
decrease in the saturated lipid content of MCF7-125b and T47D-125b cells (Figures
26 B,C and 27 B,C) (Jackson et al., 1998, Ozek et al., 2014, Sen et al., 2015, Cakmak
et al., 2006) The reduction in the saturated lipid amount may be originated from the
decline in the biosynthesis of the lipids or elevation in the lipid degradation arising
from the increase in the lipid peroxidation (Ozek et al., 2014). . The reduction in the
saturated lipid composition detected in the miR-125b transfected MCF7 and
T47D cells also denoted to reduced cell growth /metabolic rate. The synthesis of the

lipids is high in actively dividing cells. (Gillies et al., 2008, Jackowski et al., 2000).

To detect miR-125b rerexpression induced changes in the membrane dynamics of the
breast cancer cells, the bandwidths of the CH, asymmetric and symmetric stretching
bands were calculated. (Turker et al., 2014a, Ozek et al., 2014, Cakmak et al., 2006). A
significant decrease in this parameter was obtained in miR-125b transfected MCF7
cells while a meaningful increased in the same parameter was acquired in T47D-125b
cells (Figure 24 and 25D). The decreased and increased in the bandwidth values of the
CH2 asymmetric stretching band implied the decrease and increase in the membrane
fluidity of miR-125b transfected MCF7 and T47D cells, respectively. To prove these
results, the membrane fluidity was also measured by ESR spectroscopy. To obtain
information about membrane fluidity, the cells were labeled with 16-doxyl stearic acid
that provides information on the motion of the lower portion of the chain towards the
center of the membrane. Then, the rotational correlation time (zc) of the spin label was
calculated from the ESR spectra of the cells. The significant rise and decline in this
parameter was obtained in miR-125b transfected-MCF-7 and T47D cells, respectively

(Figure 28A and B) which indicated the decreased and increased the membrane fluidity
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of the cells. These results support the IR results about membrane dynamics. The
differences in membrane fluidity of MCF7-125b and T47D-125b cells may be due to
the distinctions in the alterations of ratio of membrane lipids and membrane lipid
microdomains such as rafts and caveolae. It has been known that these domains are all
enriched in the sphingolipids, and cholesterol and affects membrane fluidity (Mattson,
2005). The correlation between the lipid order and the membrane fluidity is quite
important for regulating the proper functioning of the cells (Boesze-Battaglia and
Schimmel, 1997). Furthermore, any alterations in the membrane fluidity in
cancer cells have negative impacts on membrane receptor functions and the migratory
characteristics of cancer cells (Taraboletti et al., 1989, Daefler et al., 1986). Membrane
fluidity has also been increased in the course of cancer cell metastasis (Gonda et al.,
2010, Zeisig et al., 2007). For that reason, mMIRNA-125b reexpression -induced
alterations in membrane fluidity of breast cancer cell may affect their migration
abilities.(Liang et al., 2010).

54


javascript:popupOBO('CHEBI:18059','C0AN00543F','http://www.ebi.ac.uk/chebi/searchId.do?chebiId=18059')
javascript:popupOBO('GO:0016020','C0AN00543F')
javascript:popupOBO('GO:0016020','C0AN00543F')
javascript:popupOBO('CL:0000000','C0AN00543F')
javascript:popupOBO('GO:0016020','C0AN00543F')
javascript:popupOBO('GO:0004872','C0AN00543F')
javascript:popupOBO('CL:0000000','C0AN00543F')
javascript:popupOBO('GO:0016020','C0AN00543F')

MCF 7-EV
A MCF 7-miR-125b
/ ,« A
A\ [
[\ N
[ B [
— | 3" |
> | \ /‘ | |
~ | | \ / il | —
o \ ﬁ N
=} 1 \/ | |
S~ | |
N |
< 4
© f / |
]
|‘ | \I
, \ v
T N } T T T
3000 2950 2900 2850 2800
Wavenumber (cm")
CH; antisym stretch.-Saturated Lipids D CH, antisym-Membrane Fluidity
120
= 16
2 100 * % £
2 1 2
2 £ 14
< &0 B * %
2 s ——
Fi R
2w &
10
& & A &
“sf‘« QQ'\‘N (,ﬁ'\k, 4\’3'
« - &
C CH, sym stretch.-Saturated Lipids CH, antisym-Membrane Order
120 29220
= _
= 110 £ 20218
= o
5 100 * 5 29216
= I F-1
2 % £ 20214 * % %
2 c
2 80 % 2921.2 e
E =
70 " . 2921.0
:2 ) A &
‘}d(« (,4"0 & (\‘0
& « &

F CH, antisym/CH; antisym -Chain Length

110

100 *

. T

Intensity ratio (%)

A o
o <
W« cf\
«

Figure 24 A) Representative second derivative spectra of EV and miR-125b transfected MCF7 cells in
the 3030-2800 cm™ region. B) and C) The absolute intensities of CH; antisymmetric and symmetric
stretching bands, respectively. D) and E) The bandwidth and wavenumber of CH, antisymmetric and
symmetric stretching bands, respectively. F) The intensity ratio of CH; antisymmetric/ CH,
antisymmetric stretching bands in these cells (Adapted from Ozek et. al.,2010).
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Figure 25 A) Representative second derivative spectra of EV and miR-125b transfected T47D cells in
the 3030-2800 cm™ region. B) and C) The absolute intensities of CH; antisymmetric and symmetric
stretching bands, respectively. D) and E) The bandwidth and wavenumber of CH, antisymmetric and
symmetric stretching bands, respectively. F) The intensity ratio of CH; antisymmetric/ CH,
antisymmetric stretching bands in these cells.
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Figure 26 A) Representative second derivative spectra of EV and miR-125b transfected MCF7 cells in
the 1480-900 cm™ region, B) and C) The absolute intensities of CHj scissoring and COO" symmetric
stretching bands, respectively (Adapted from Ozek et. al.,2010).
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Figure 27 A) Representative second derivative spectra of EV and miR-125b transfected T47D cells in
the 1800-1480 cm™ region, B) and C) The absolute intensities of CH scissoring and COO- symmetric
stretching bands, respectively.
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Figure 28 Correlation times of 16-doxyl stearic acid labelled EV and miR-125b transfected MCF7 (A)
and T47D (B) cancer cells.
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To determine miR-125b rerexpression induced alterations in membrane-lipid order
(acyl chain flexibility) of cancer cells, the shifts in the frequencies of the
CH2 antisymmetric and symmetric stretching bands were measured (Turker et al.,
2014a, Ozek et al., 2014). The shift in the frequency of CH, antisymmetric band to
lower value show an increase in the number of trans conformers of lipid molecules
which imply an increase in lipid order. On the contrary, the shift in the frequency of
this band to and higher values indicates an increase in the number gauche conformers
of lipid molecules which reveals a decrease in lipid order (Severcan, 1997) A
significant slight shift to lower values in the frequency of CH, antisymmetric band
was found in miR-125b transfected MCF7 cells. (Figure 24 E). On the other hand, the
frequency shift to higher values was obtained for T47D-125b cells (Figure 25E).These
shifts suggested that an increase and decrease in lipid order were observed in miR-
125b transfected MCF7 and T47D cells. In earlier studies, it has been demonstrated
that changes in lipid order affects cellular shape and these changes alters the intake
of drugs (Moore etal., 1997) (Ramu et al., 1983). Therefore, miR-125b rerexpression
in MCF7 and T47D cells may lead to alteration in diverse cell functions through the
changes in the cell shape and thickness of the cell membrane s (Spector and Yorek,
1985).

The band intensity ratio of CH» antisym/CHs antisym bands are used to obtain
information about the hydrocarbon chain length of the lipids. The lower ratio of these
bands suggests the presence of shorter chained lipids and lower lipid content (Wang et
al., 2005). As can be seen from both the Figures 24F and 25F, this ratio was lowered
in both cell lines which might be due to miR-125b transfection. This indicates which
may be due to the synthesis of this kind of lipids and/or shorter-chained lipids which

is due the degradation of lipids by free radicals.

To monitor the miR-125b transfection induced alterations in the cholesterol esters and
triacylglycerols amount, the band located at 1744 cm™! was analyzed. (Table 4). The
intensity of this band declined in miR-125b transfected MCF7 cells and increased in
miR-125b transfected T47D-cells, respectively (Figure 29 and 30) indicating a low
and high abundance of ester groups of triacylglycerols and cholesterol (Figure (Nara

et al., 2002). The decrease in the intensity of the other cholesterol ester bands in
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MCF7-125b cells was also contributed to previous results. Moreover, this increased
cholesterol esters and triacylglycerols for T47D-125b cells was confirmed by the
increment of the intensity of this cholesterol ester band. This band is named as CO—
O-C asymmetric stretching band which is located at 1171 cm™!. The reduced level of
these lipids in MCF7-125b and the increased concentration of same lipids for T47D-

125b may be due to the decrease and increase in their biosynthesis.

Cholesterol is indispensable for life due to its critical roles in cells for the synthesis of
steroid hormones and in cell membranes for the fluidity of the membranes. High levels
of cholesterol requirement is a characteristic feature of pre-malignant and
malignant cells. For this reason, elevated LDL receptor activity and high amount of
the synthesis of the cholesterol were discovered in these cells (Vitols et al.,
1996). Additionally, there was a correlation  between triglyceride,
cholesterol composition and drug resistance of cancer cells (Santini et al., 2001).
Therefore, the alteration in the cholesterol ester and triglyceride amount of the miR-
125b transfected cells is crucial for further confirmation of the tumor suppressor
function of miR-125b.
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Figure 29 A) Representative second derivative spectra of EV and miR-125b transfected MCF7 cells in
the 1800-1480 cm™ region.B)The absolute intensity of Ester C=0 stretching band in these cells
(Adapted from Ozek et. al.,2010).
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Figure 30 A) Representative second derivative spectra EV and miR-125b transfectedT47D cells in the
1800-1480 cm* region. The absolute intensity of Ester C=0 stretching (B) and CO-O-C antisymmetric
bands (C) in these cells.
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3.1.1.1.2 Proteins

Amide | and amide Il bands are generally used to determine about the changes in
protein concentration and structure. (Severcan and Haris, 2012, Turker et al., 2014b,
Turker et al., 2014a, Ozek et al., 2014, Cakmak et al., 2006). In the current study, the
intensity values of the amide | (1651 cm™: of a-helix, 1631 cm™: B-sheet) and amide
Il (1546 cm™’: a-helix) were measured to identify miR-125b reexpression caused
alterations in protein amount of cancer cells. (Liu et al., 1996). Figures 31 B, C, D and
32 B, C and D indicated the significant diminish in the amount of a-helical and B-sheet
structures in miR-125b transfected MCF7 and T47D cells. This decrease may be arisen
from the decline in the protein synthesis which can be inferred from the decrease in
the RNA content in miR-125b transfected breast cancer cells. Guo and his colleagues
demonstrated the decreased target mMRNA and thus protein levels induced by miRNA

transfection which also supports our results (Guo et al., 2010).

To determine which metabolism (lipid or protein metabolism) is more profoundly
affected from miR-125b reexression, the lipid-to-protein ratio was calculated by
deriving from the ratio of the total band intensities of the CH, asymmetric and
symmetric stretching bands to the total band intensities of the amide | band (Turker et
al., 2014a, Ozek et al., 2014, Cakmak et al., 2006). Significant decline in the ratio of
these bands was obtained in the miR-125b transfected MCF7 cells while the significant
increased the same ratio was acquired in T47D-125b cells (Figure 31F and 32F). The
decrease implies more reduction in the lipid amount relative to protein amount in
the MCF7-125b cells. However, the increase demonstrates more decrease in protein
content relative to the lipid content in the T47D-125b cells. More decrease lipid
content of MCF7-125b cells means that miRNA-125b reexpression caused more
profound alterations in lipid metabolism than protein metabolism. On the other hand,
more decrease in protein content of T47D-125b cells suggests that miR-125b
transfection to breast cancer cells led to great changes in protein metabolism with

respect to lipid metabolism.
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Figure 31 A) Representative second derivative spectra of EV and miR-125b transfected MCF7cells in
the 1800-1480 cm* region (A), B) and C) the absolute intensities of Amide | -a helix and B sheet,
respectively D) Amide Il and E) CH3; asymmetric bands and F) the intensity ratio of lipid and protein
bands in these cells (Adapted from Ozek et. al.,2010).
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Figure 32 A) Representative second derivative spectra of EV and miR-125b transfected T47Dcells in
the 1800-1480 cm-1 region (A), B) and C) the absolute intensities of Amide | -a helix and 3 sheet,

respectively D) Amide Il and E) CH3 asymmetric bands and F) the intensity ratio of lipid and protein
bands in these cells.
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3.1.1.1.3 Nucleic Acids and Polysaccharides

To detect miR-125b rexpression induced alterations in nucleic acid content, the bands
at 1238 cm™ and 1084 cm™ originating from PO~ antisymmetric and symmetric
vibarions of nucleic acids were analyzed. Significant reduction in the intensity values
of these bands was found in the miR-125b transfected MCF7 and T47Dcells (Figure
33 & 34 B, C), implying a decline in nucleic acid content in miR-125b transfected
cells. This decline may be due a decrease in the synthesis of nucleic acids. Both 5°-
AMP and 5’- GMP levels for DNA synthesis have been found to be increased in CLL
patients with a corresponding low miR-125b expression upon metabolon study of
cancer cells (Tili et al., 2012). The increased synthesis can be due to increased the
expression level of phosphoribosyl pyrophosphate amidotransferase (PPAT). This
enzyme catalyzes the first step of denovo purine nucleotide biosythetic pathway and
provides purines for FAD(H2), NAD(H), NADP(H), coenzyme A, DNA and RNA
biosynthesis. Moreover, it is one of the putative targets of miR-125b (Tili et al., 2012,
www.targetscan.org). Ozen et. al., disclosed that the upregulation of PPAT was found
in prostate cancer with down-regulated miRNA-125b level (Ozen et al., 2008).In
addition to this, the increase in this protein expression have been also demonstrated in
breats and  prostate  cancer  tissues by  immunostaining  method
(http://www.proteinatlas.org/ENSG00000128059-PPAT/cancer). According to these
results, we can infer that miR-125b reexpression may suppress this target which lead

to decreased purine synthesis.

To identify the alteration in RNA amount of miR-125b transfected cells, the band
intensity values of t 1121 and 915 cm™ bands were calculated. The significant
decrease in the intensity of these bands were in both cell lines, suggesting the diminish
in RNA concentration with miR-125b reexpression (Figure 33 & 34 D, E). These
reductions may be due to to the decrease in its synthesis or the miR-125b caused
degradation of mRNAs. The decreased RNA biosynthesis might be due to the
downregulation of PPAT which is induced by miR-125b reexpression in breast cancer
cells (Tili et al., 2012)(Tili et. al., 2012).
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To determine miR-125b reexpression caused changes in the glycogen amount of
MCF7 and T47D cells, the the intensity of glycogen band (1045 cm™) was calculated.
Significant reduction in this band intensity was obtained in the miR-125b transfected
MCEF7 cells while it significantly increased in the miR-125b transfected T47D cells
(Figure 33 and 34 F), indicating the diminish in the in the glycogen amount of the
miR-125b transfected MCF7 cells, while an increase in T47D cells. The opposite
results related to glycogen content may be due to the differences expression level of
enyzmes within glycolytic and gluconeogenesis pathway. These differences has been
shown in the study of functional proteome analysis of MCF7 and T47D cells (Adjo
Aka et al., 2012). The difference in glycogen content of miR-125b transfected MCF7
and T47D cells can be due to the differences in bioenergetic profile of them since it
has been reported that MCF7 cells are more energetic and glycolytic than T47D cells
(Brandie et al., 2015).
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Figure 33 Representative second derivative spectra of EV and miR-125b transfected MCF7 cells in the
1480-900 cm region. The absolute intensities of B and C) PO, antisymmetric and symmetric bands,
respectively, D) Ribose Ring, E) C-O stretching:RNAand F) C-O stretching:Polysachharides bands in
these cells (Adapted from Ozek et. al.,2010).
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Figure 34 Representative second derivative spectra of EV and miR-125b transfected T47D cells in the
1480-900 cm? region. The absolute intensities of B and C) PO, antisymmetric and symmetric bands,
respectively, D) Ribose Ring, E) C-O stretching:RNAand F) C-O stretching:Polysachharides bands in
these cells.
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3.1.1.1.4 Proliferation, Transcription and Metabolic Status

To determine miR-125b reexpresion induced alteration in the proliferation rate breast
cancer cells, the intensity ratio of RNA (1120 cm™) and lipid (2921cm™) bands was
analyzed. (Mourant et al., 2003). The intensity ratio of RNA/lipid was significantly
decreased in MCF7-125b cells but was insignificant for T47D-125b cells. This
decrease implies a decrease in the growth rate of the MCF7-125b cells. Moreover this
decrease was more profound for MCF7 cells compared to T47D cells. The significant
decreased proliferation rate in MCF7-125b cells with respect to the MCF7-EV cells
was also confirmed by trypan blue exclusion and MTT assay results (Ozek et al., 2010,
Akhavantabasi, 2012). On the other hand, no decreased proliferation rate in T47D-
125D cells in comparison to the T47D-EV cells was also demonstrated by MTT assay
(Akman et al., 2015, Akhavantabasi, 2012). These results were in accordance with
the results acquired by another study (Guo et al., 2009). The differences in the
proliferation rate of miR-125b transfected MCF7 T47D cells may be explained by the
differences in the level of endogenous mature miR-125 family members in these two
cell lines. These differences which were also demonstrated by Shiva (2012) revealed
that higher miR-125a level was observed in T47D cell with respect to the MCF7 cells.
Since miR-125b and miR-125a contain similar seed structure, they can target same
MRNAs. Therefore, miR-125a may target mRNA which has a regulatory role in
proliferation and thus inhibits the binding of miR-125b to same mRNA in T47D cells.
miR-125b transfected induced alterations in the proliferation of MCF7 and T47D cells
are also due to the variations of their cellular transcriptomes, specifically the protein
expressions which have roles in cellular proliferation. Similarly, in a previous study,
Aka and Lin (2012) revealed that proteins implicated in cell proliferation stimulation
seem to be more up-regulated in T47D as compared to MCF7, whereas proteins

involved in cell growth regression are therein down-regulated (Adjo Aka et al., 2012).

To screen the changes in transcriptional activity of the breast cancer cells with miR-
125D transfection, RNA/DNA band ratio was measured by taking the ratio of intensity
values of the RNA (1121 cm™) and DNA bands (1020 cm™). (Salman et al., 2001).
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The significant decline in this ratio was acquired in miR-125b transfected breast cancer

cells. This indicated a reduction in the transcriptional status of these cells.

Glycogen/phosphate ratio is used to monitor the alterations in the metabolic activity
of cancer cells. (Ramesh et al., 2002, Salman et al., 2001) To determine these
alterations in breast cancer cells with miR-125b transfection, this band ratio was
calculated from the ratio of the intensity values of the glycogen and phosphate bands
which were located at 1045 cm™ and 1084 cm™, respectively. Accordingly, the
significant increase in the glycogen/phosphate ratio (p < 0.05) was found in MCF7-
125b and T47D-125b cells, implying the decline in metabolism of miR-125b
transfected cells. Moreover, the decreased this ratio were shown in cancer cells with
respect to the normal cells by other FTIR studies. (Ramesh et al., 2002, Salman et al.,
2001).
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Figure 35 (A,B) Proliferation, transcription (C,D) and metabolic (E,F) status of EV and miR-125b
transfected MCF7 and T47D cells (Figure 35A, C and E are adapted from Ozek et. al.,2010).
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3.1.1.2 Chemometric Analysis

To identify whether there is a discrimination between EV and miR-125b transfected
breast cancer cells, we performed unsupervised chemometric analysis such as PCA
and HCA are directly applied to the spectra of MCF7 and T47D cells without doing

any characterization studies such as mentioned above.

3.1.1.2.1 Principal Component Analysis (PCA)

PCA is a powerful multivariate analysis approach for the analysis of large spectral
data sets. It enables to determine spectral variabilities among studied groups, thus to
identify and differentiate different spectral groups using score plots. Therefore, it is
widely used to discriminate the different biological systems such as microorganisms,
cell, membranes, even tissues. Spectral variabilities are explained by principal
components (PCs). The first PC describes the most variance within the data set. The
second PC describes the most of the remaining variance so on. Each PC has
associated with it a component score vector and loading vector. Score plots are
plotted based on a pair of two score vectors. These plots used to demonstrate the
relationships between studied groups of samples. In our study, the score plots for
EV and miR-125b transfected MCF7 and T47D cells were demonstrated in Figure
36 A and B, respectively. As can be seen from the Figure 36A, 31% of the total
data variances between EV and miR-125b transfected MCF7 cells were explained
by PC2. However, 94% of data variances between EV and miR-125b transfected
T47D cells were described by PC1 and PC2. (Figure 36B). The score plots of both
cells indicated that transfected cells were successfully discriminated from each
other for both MCF7 and T47 D cells, implying that the biochemical profiles of the
studied groups in both cell lines were significantly different from each other.
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Figure 36 PCA score plots for EV and miR-125b transfected MCF7 (A) T47D (B) cancer cells in the
4000-650 cm* spectral region.
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In PCA, loading plots of PC score values demonstrate the spectral origin of the
variations which differentiate the data groupings according to the wavenumbers. This
plots have a spectral dimension, where positive and negative peaks can be observed.
If the original spectrum is assigned to positive score values, positive peaks in the
loadings indicate increased contribution of IR of the respective signals in the
measured IR spectra. In contrast, negative loading bands denote a reduced
contribution of the respective signals in the measured IR spectra. The loading plots
for MCF7 and T47D cells were shown in Figure 37A and B respectively. As can be
inferred from these plots, high loading values for C-H stretching (3000-2800 cm™) and
fingerprint region (1800-650 cm™) figures was obtained, indicating the changes in the
intensity of spectral bands in these regions. These changes were due to miR-125b
reexpression in MCF7 and T47D cells and these alterations enabled to distinct the

studied groups.
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3.1.1.2.2 Hierarchical Cluster Analysis (HCA)

In addition to PCA analysis, cluster analysis was employed to differentiate the EV and
miR-125b transfected breast cancer cells based on the spectral differences. A
combination of PCA and HCA approach enables the efficient and accurate spectral
data analysis. In HCA, groups are clustered and demonstrated as dendrograms. Figure
38A and B demonstrated the dendrograms for MCF7 and T47D cells, respectively. In
both cell lines, EV and miR-125b transfected cells were efficiently clustered as a
separate group. We obtained higher heterogeneity values in both EV and miR-125b
transfected MCF7 and T47D cell lines. This indicated that there were significant

alteration in molecular content and structure between both EV and miR-125b cells.
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3.2 Elucidation of miR-125b reexpression induced alterations in the type and

content of breast cancer cell lipids

Deregulation of metabolism is known as one of the hallmark of cancer cells (Cairns et
al.,, 2011). Specifically, alteration of lipid metabolism has been increasingly
recognized as a hallmark of cancer cells (Santos and Schulze, 2012). This metabolism
is regulated by oncogenic signals and important for the etiopathogenesis of the cancers
(Cantor and Sabatini, 2012, Santos and Schulze, 2012). It has been documented that
tumors such as breast, colon etc. are characterized by the high rate of lipid metabolism
(Li et al., 2000, Yoon et al., 2007). In recent years, the regulatory role of miRNAs in
metabolism of cancer cell has also been reported (Wen and Friedman, 2012). However,
it is not clear how these micromanagers regulate the lipid metabolism of cancer cells.
Specifically, the role of miR-125b in breast cancer lipid metabolism has not been
demonstrated yet. Furthermore, the predicted target genes of this miRNA were
analyzed through miRNA target prediction databases. It has been found that several
targets of this miRNA have roles in lipid metabolism and these targets were given in
Table 5.
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Table 5 Examples of putative gene targets of miR-125b which have roles in lipid metabolism.

ELOVLG6 ELOVL fatty acid elongase 6 First and rate-limiting step of fatty
acid elongation
ELOVL4 ELOVL fatty acid elongase 4 Biosynthesis of fatty acids
ELOVL1 ELOVL fatty acid elongase 1 Elongation of very-long-chain-fatty
acids
SCD Stearoyl-CoA desaturase (delta-9- | Fatty acid biosynthesis, primarily the
desaturase) synthesis of oleic acid.
SLC27A4 Solute carrier family 27 (fatty acid Translocation of long-chain fatty
transporter), member 4 acids cross the plasma membrane.
PCTP Phosphatidylcholine transfer = Transfer of phosphatidylcholine
protein
LIPA Lipase A, Ilysosomal acid, Catalysis of the hydrolysis of
cholesterol esterase cholesteryl esters and triglycerides
LPCAT4 Lysophosphatidylcholine Catalysis of the conversion of
acyltransferase 4 lysophosphatidic acid (LPA) to

phosphatidic acid (PA), a precursor
in the biosynthesis of all

glycerolipids
DGAT1 Diacylglycerol Catalysis of the conversion of
O-acyltransferase 1 diacylglycerol and fatty acyl CoA to

triacylglycerol.

The spectral analysis in the current study revealed that lipid metabolism in breast
cancer cells was profoundly affected from miR-125b reexpression. Therefore, this part
of study was performed to clarify the miR-125b reexpression-induced alterations in
the lipid constituents of breast cancer cells. To achieve this aim, first, lipids of these
cells were extracted and their IR spectra were collected by an ATR-FTIR spectrometer.
Then, the spectra were analyzed in a qualitative and quantitative manner. We used this
technique since the robustness and suitability of this method in the determination of
tissue and cell lipids have been demonstrated in several studies (Derenne et al., 2014,
Dreissig et al., 2009).
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3.2.1 ATR-FTIR Spectroscopy for lipid extracts

3.2.1.1 Spectral Analysis

In this context, we analyzed the spectral bands in different IR regions originating from
different lipids. Figure 39A, B and C represented the extracted lipid spectra of EV
transfected MCF7 and T47Dbreast cancer cells at 3050-2800 cm™, 1800-1500 cm*

and 1500-700 cm™ spectral regions, respectively.

The major spectral bands were labeled. The frequency values and definition of these
were given in Table 5. The assignment of these bands were based on IR spectra of pure
lipids collected in Derenne (2013) (Appendix A) (Derenne, 2013). As evidenced by
Figure 39 and Table 5, IR spectra of the lipids of MCF7 and T47D cells contained
many spectral bands due to the presence of various types of lipids. In the lipid spectra,
there are two main spectral regions. The first region is called C-H stretching region
located between 3100-2800 cm™. This region includes spectral bands, mainly
originating from the hydrocarbon chains of lipids. For example, the olefinic band is
originated from =CH stretching of unsaturated fatty acids and located around 3008-
3020 cm™. The second region is called fingerprint region, which is below 1800 cm™.
That region contains spectral bands arising from the polar head groups of the lipids. In
this region, the peak with highest intensity arises from ester C=0 stretching of
phospholipids and cholesterol esters. Different polar head groups have distinct IR
spectra. Thus each lipid class corresponds to unique FTIR spectra. This enables to

identify and quantify lipids even from the complex mixture (lipid extracts).
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Figure 39 The extracted lipid spectra of EV and miR-125b transfected MCF7 cells in the A) 3050-2800
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Table 6 Band assignments of major absorptions in IR spectra of breast cancer cell lipids in 3030-700

cm™! region based on literature (Derenne et al., 2014, Dreissig et al., 2009).

Peak no. Wavenumber (cm?) Definition of the spectral assignment
Olefinic=CH stretching vibration: Unsaturated
1 3008 o
lipids
2 2958 CHs antisymmetric stretching: Saturated lipids
3 2921 CH; antisymmetric stretching: Saturated lipids
4 2851 CH, symmetric stretching: Saturated lipids
Ester C=0 stretch: Phospholipids, cholesterol
5 1738-40
esters
6 1640-1652 C=0 stretching, N-H stretching:Sphingolipids
. 1545-1549 C=0 stretching, N-H stretching:Sphingolipids
1465-1467 ) )
8 CH> deformation:Fatty acids
9 1443 CH> cyclic deformation:Cholesterol, cholesterol
esters
10 1378-1381 CHs deformation:Fatty acids
11 1365 CHa2 deformation:Fatty acids
12 1225-1234 PO2 antisymmetric: Phospholipids
C-O antisymmetric : Phospholipids, cholesterol
13 1174-1179
esters
14 1084-1090 PO2 symmetric: Phospholipids
15 1055-1070 C-O-H vibration: Sphingolipids, cholesterol
16 970/971 N+—(CHa)s: Phosphatidyl
choline,Sphingomyelin
17 822/823 P—-O antisymmetric:Phospholipids
18 718-722 CH2rocking: Fatty acids
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To detect the miR-125b transfection induced variation in unsaturated and saturated
fatty acid contents of cancer cells, the C-H stretching region was analyzed since this
region contains spectral bands originating from =CH, CHz and CH> antisymmetric and
symmetric stretching vibrations of these fatty acids (Derenne et al., 2014, Dreissig et
al., 2009). The IR spectra of extracted lipids of EV and miR-125b transfected MCF7
cells in the 3050-2800 cm™ region are shown in Figure 40 A while the same region for
T47D cells it is demonstrated in Figure 41A.

The olefinic band located at 3008 cm™ originates from =CH stretching of unsaturated
lipids .As noted in the Figures 40B and 41B, the band area of this band (band number:
1) significantly decreased in miR-125b transfected cells. To support this data, the
unsaturation ratio was calculated by taking the band area ratio of olefinic and CH>
antisymmetric stretching bands. The significant decline in this ratio was also obtained
for both miR-125b transfected cell lines (Figures 40 C and 41 C). As mentioned in part
3.1.1., this decrease implies an increased in lipid peroxidation that was induced by
miR-125b reexpression which also supports the result of olefinic band obtained from
the analysis of cell spectra. The recent studies have demonstrated that desaturation of
lipids and monounsaturated fatty acids are required for the cancer cell proliferation
and survival (lgal, 2010). Among the desaturation of lipids, Stearoyl-CoA Desaturase
1 has important role in cancers. An increase in the expression of this enzyme has been
implicated in several cancers. For instance, Guo and his colleagues have indicated that
the significant elevated level of monounsaturated fatty acids and monounsaturated
phosphatidylcholines relative to polyunsaturated fatty acids and polyunsaturated
phosphatidylcholines were observed in the microenvironment of different cancers
(breast, lung, colorectal, esophageal, gastric, and thyroid cancer) compared with the
healthy tissue (Guo et al., 2014). Moreover the increased amount of different
unsaturated fatty acids such as palmitoleate (16:1), oleate (18:1), arachinodate (20:4)
was found in Aggressive and Indolent CLL (Tili et al., 2012). In these patients, miR-
125b expression was downregulated as compared to the healthy ones. They also
showed that normal level of these lipids except arachinodate was obtained in MEC2
cells, induced by miR-125b overexpression. In the same study, overexpression of miR-
125b in MEC2 cells diminished the level of Stearoyl-Coenzyme A desaturase 1
(SCD1) which catalyzes a rate-limiting step in the synthesis of unsaturated fatty acids
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(Tili et al., 2012). These results support our findings as we reported here a decreased

unsaturated lipid content of miR-125b transfected in breast cancer cells.

The changes in saturated fatty acid contents was determined through the analysis of
CHs (band number: 2) and CHz antisymmetric (band number: 3) bands. The band area
of these bands for MCF7 and T47D cells were represented in Figures 40 and 41D, E
respectively. Both of these values were significantly diminished in miR-125b
transfected cells in comparison to the EV ones, implying the decrease in saturated fatty
acid content due to this miRNA expression. The elevated level of saturated fatty acids
such as essential, medium and long chain fatty acids in indolent and aggressive CLL
has been indicated. Moreover, these patients had down-regulated miR-125b levels
with respect to the healthy ones (Tili et al., 2012) In the same study, the overexpression
of this miRNA induced a decrease in these fatty acids in MEC2 cells. They also
implicated that the miR-125b overexpression significantly affected the expression of
transcripts encoding metabolic enzymes and regulators including fatty acid elongase 6
(ELOVLS6) which uses malonyl-CoA as a 2-carbon donor in the first and rate-limiting
step of fatty acid elongation. These results implied that miR-125b has important role

in lipid synthesis and elongation, which is in agreement with our results.
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Figure 40 A) The extracted lipid spectra of EV and miR-125b transfected MCF7cells in the 3050-2800
cm-1 region B) the band area of olefinic, C) the area ratio of CH=CH/CH2, D) the band area of CH3
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In our study, the fingerprint region (1800-700 cm™) was analyzed as two distinct
regions; namely, 1800-1500 and 1500-700 cm™* spectral regions. The first region for
lipid spectra of MCF7 and T47D cells was illustrated in Figures 42A and 43 A,
respectively and the major lipid bands were labeled in these spectra. The ester C=0
stretching band located at 1740 cm™ (band number: 5) originates from phospholipids
and cholesterol esters (Derenne et al., 2014, Dreissig et al., 2009). The band area of
this band for both breast cancer cell lines was given in Figures 42B and 43 B. As can
be inferred from these figures, the phospholipid and cholesterol ester content were
significantly diminished in MCF7 cells while an increased was observed in T47D cells
due to miR-125b reexpression. Since we found a decline in the phospholipid amount
of T47D-125b cells by the analysis of PO, symmetric band, we can infer that only the
cholesterol ester content of miR-125b transfected cell was increased. Alteration in
phospholipid metabolism of the cells is observed when cell gains tumorigenic
property. It has been reported that physical and functional interaction between
membrane proteins and phospholipids (PL) affects survival, cell adhesion, and,
consequently, migration and invasion of cells (Escriba et al., 2008). In 2012, Doria and
her colleagues have reported that the PL alteration was associated with malignant,
metastatic, and/or morphological characteristics of mammary epithelial and breast
cancer cells. Specifically, they found that the highest amount in
phosphatidylethanolamine (PE) content was found in non-malignant cells while the
highest level of phosphatidic acid was observed in metastatic cells. In addition, the
concentration of alkyl acyl PCs and phosphatidylinositol were higher in migratory
cells whereas, Pl was found to be lowest in non-malignant cells compared to cancer
cells (Doria et al., 2013). Tili et. al (2012) have also demonstrated the elevated amount
of PE in miR-125b downregulated CLL patients while normal level of PE was found
in MEC2 cells following miR-125b overexpression (Tili et al., 2012). These results
imply that the downregulation of miR-125b leads to the deregulation of phospholipid
metabolism in breast cancer cells. However, to define the exact regulatory role of this
miRNA in the phospholipid metabolism of breast cancer cells, miR-125b
reexpression-induced alterations in the specific types of phospholipids such as PE, Pl,
PS and PC should be determined.
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The bands located at 1640-1652 and 1545-1549 cm™ originates from C=0 and N-H
stretching of sphingolipids (Derenne et al., 2014, Dreissig et al., 2009). The band area
of Amide | band for MCF7 and T47D cells was shown in Figures 42C and 43 C,
respectively. The significant decline in the sphingolipid content of both miR-125b
transfected cells as comparison to the EV ones was acquired. This decrease was
supported by the diminished content of sphingomyelin in miR-125b transfected cells
(Figures 44 E and 45 E). It has been known that sphingolipids and their metabolites
have important regulatory roles in cellular structural integrity and functions in fluidity,
growth, differentiation, apoptosis and autophagy. Therefore, dysregulated
sphingolipid metabolism contributes to the tumor pathogenesis. Tumorigenic and
tumor suppressor roles of sphingolipid metabolites have been reported (Ségui et al.,
2006). For example, gangliosides, and sphingosine 1-phosphate (S1P) have
tumorigenic effects while ceramide, sphingosine etc. have tumor suppressor roles.
(Cuvillier et al., 1996).The studies on sphingolipid metabolism and breast cancers have
indicated the elevated level of S1P and increased expression of sphingosine kinase 1
in breast cancer (Ruckhaberle et al., 2008, Nagahashi et al., 2012). The lower level of
sphingomyelin in malignant breast cancer was stated (Hendrich and Michalak, 2003),
while the high level of the same lipid was also demonstrated in drug resistant breast
cancer cells (Vijayaraghavalu et al., 2012). However, the decreased sphingolipid and
sphingomyelin content of miR-125b transfected breast cancer cells may be due to two
reasons. The first one is that this miRNA induced suppression of genes which
transcribe enzymes play role in the synthesis of these lipids. The second reason is that
miR-125b induced upregulation of genes which encode enzymes have roles in the
degradation of these lipids.

90



A MCF7-EV-L
MCF7- miR125b-L

Absorbance (A.U.)

1800 1750 1700 1650 1600 1550 1500
Wavenumber (cm)

B C=0: Phospholipid, CE
2.0
g 1.5 *
1.0
- [
m
0.5+
0.0-
0
Pt K
® ¢
‘g\
C=0 and N-H stretching:Sphingolipids
1.0+
0.8
g
5 061
2 044
@ *
0.2 ——
0.0
) °
(}I\S” <\',\'1:°
& ‘g\c..

Figure 42 The extracted lipid spectra of EV and miR-125b transfected MCF7 cells in the 1800-1500
cm* region (A). The band area of C=0 ester (B) and C=0 and N-H stretching (C) bands in the EV
and miR-125b transfected MCF7cells.
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The second part of the fingerprint region is placed between 1500-700 cm™. Figures
44A and 45A demonstrated EV and miR-125b transfected MCF7 and T47D cells, in
this region, respectively. The band areas of fatty acid related CH. deformation (band
number: 8) bands for both these cell lines were illustrated in Figures 44B and 45B,
indicating the significant decrease in fatty acid amount due to the miR-125b
reexpression (Dreissig et al., 2009). This supported that the miR-125b upregulation
that led to the decline in saturated and unsaturated fatty acid contents of breast cancer
cells and targets of this miRNA have role in fatty acids metabolism of breast cancer

cells.

The band located at 1443 cm*(band number: 9) is due to the CH2 cyclic deformation
of cholesterol, and cholesterol esters (Dreissig et al., 2009). The band areas of this
band for both breast cancer cells were demonstrated in Figures 44C and 45C. As can
be clearly seen from the figure, cholesterol and cholesterol ester content significantly
decreased in MCF7 cells but significantly increased for T47D cells induced by miR-
125b reexpression. Previous studies have demonstrated that elevated cholesterol levels
are observed in cancer cells and tissues and it has role in cell proliferation, tumor
progression and even in drug resistance (Luu et al., 2013, Gorin et al., 2012). Among
cancers, increase in cholesterol amount of breast cancer has been reported. Moreover,
the proliferative property of 27-hydroxycholesterol (27HC) was indicated in estrogen
receptor (ER)-positive breast cancer cells (Nelson et al., 2013).The increased level of
cholesteryl ester in breast cancer tumors has been also shown recently (de Gonzalo-
Calvo et al., 2015). Although, several miRNAs, which have regulatory role in
cholesterol metabolism, have been reported (Rotllan and Fernandez-Hernando, 2012).
However, Tili and his colleagues have performed a study on miR-125b expression and
metabolon levels in CLL (Tili et al., 2012). They indicated that cholesterol and their
derivative level remains unchanged in miR-125b downregulation and overexpression.
On the other hand, Chen et. al. reported that the inhibition of miR-125-5p increased
total cholesterol in human monocytic leukemia (THP-1) (Chen et al., 2009) that
supports our findings. In our study, the decreased and increased cholesterol and
cholesterol ester levels in MCF7-125b and T47D-125b cells have implied that the
deregulation of miR-125b expression lead to the alterations of these lipid metabolism
of breast cancer cells without the direct activity of their targets.
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Figures 44Dand 45D demonstrated the areas of PO, symmetric stretching band for
both EV and miR-125b transfected MCF7 and T47D cells, separately. This band is
arisen from phospholipids and the area of this band significantly decreased in both
miR-125b transfected cell lines, implying diminished phospholipid content because of
miRNA reexpression, which proves the role of miR-125b reexpression in the alteration
of phospholipid constituents of breast cancer cells (Dreissig et al., 2009, Mantsch and
Chapman, 1996).

To determine the alterations in phosphatidyl choline and sphingomyelin content, the
band located at 970-971 cm, due to the N+—(CHs)s vibrations (band number:16) can
be used (Dreissig et al., 2009, Mantsch and Chapman, 1996). As illustrated in Figures
44E and 45E, the area of this band significanly reduced in miR-125b transfected breast
cancers with respect to their EV ones. Abnormal choline metabolism, the activation of
this metabolism is specifically thought to be one of the hallmark of tumor cells. This
is characterized by increased phosphocholine (PCho) and total choline-containing
compounds (tCho) in cancer cells that was previously demonstrated in tumors using
magnetic resonance spectroscopy (Griffiths et al., 1981, Griffiths et al., 1983).Similar
to other cancers, the increase in phosphatidyl choline content, glycerophosphocholine
and total choline containing compounds in breast cancers have also been demonstrated
in several studies (Ide et al., 2013, Gribbestad et al., 1998). The decrease in this lipid
content, which is induced by miR-125b expression, indicates that the mRNA targets
of miR-125b have a role in lipid metabolism. Tili and his colleagues have
demonstrated the increase in choline and glycerophosphocholine content in miR-125b
downregulated indolent and aggressive CLL patients (Tili et al., 2012). They also
identified the 2.6 fold down regulation of phosphatidyl choline transfer protein (PCTP)
in MEC2 cells following miR-125b overexpression which was one of the target of
miR-125b (Tili et al., 2012).TargetScan analysis of miRNA confirms that PCTP is its
target. This result supports the role of miR-125b downregulation in the abnormal

choline metabolism in breast cancer cell.

94



MCF7-EV-L
MCF7-miR125b-L

Absorbance (A.U.)

1500 1400 1300 1200 1100 1000 900 800 700
Wavenumber (cm)

CH, deformation: Fatty acids CH, cyclic deformation: CH,CE
1.5 04
0.34
S 1.0 P
< <
> 5 0.2
5 g % Xk k
& 0.5 * % @
— — 0.1 ——
0.0-
) ° N °
A & W &
& & ¢ &
« «
D PO, sym: Phospholipid E N+-(CH3): PC, SM
0.8 0.5+
0.4+
0.6 ©
8 g 0.3
L4 o %k
g % % % S 0.2
m o e
0.2 b 01
0.0- 0.0-
& ol &
& Py oq'\'
< & &

Figure 44 The extracted lipid spectra of EV and miR-125b transfected MCF7 cells in the 1500-700
cm* region (A). The band area of CH, deformation (B), CH; cylic deformation (C), PO, symmetric (D)
and N+-(CH3) (E) stretching bands in EV and miR-125b transfected MCF7 cells.
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Figure 45. The extracted lipid spectra of T47D-EV and T47D-125b cells in the 1500-700 cm™* region
(A). The band area of CH, deformation (B), CH, cylic deformation (C), PO, symmetric (D) and N+-
(CH3) (E) stretching bands in T47D-EV and T47D-125b cells.
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3.2.1.2 Chemometric Analysis

To see whether there is a clear discrimination between EV and miR-125b transfected
MCF7 and T47D cells extracted lipids, unsupervised chemometric analyses (PCA and
HCA) were performed.

3.2.1.2.1 Principal Component Analysis

The score plots for extracted lipids of EV and miR-125b transfected MCF7 and T47D
cells were illustrated in Figure 46A and B, respectively. As detailed in the figure, for
MCEFT7 cells 93% of total variation (PC1+PC2) between EV and miR-125b transfected
cells was transfected in the first two PCs, while for T47D cells, total variation
(PC1+PC5) was found to be 88%. As can be seen from both figures, there was a clear

segregation of EV and miR-125b cell lipids from each other.

Figure 47A and B, demonstrated the PCA loading plots for the extracted lipids of EV
and miR-125b transfected MCF7 and T47D cells in the 4000-650 cm™* spectral region,
respectively. As can be deduced from these plots, the intensity of the spectral bands in
C-H stretching region decreased in both miR-125b transfected cells. This region is
used to obtain information about saturated and unsaturated lipids. The decreased
intensity of the spectral bands supports the decline in these lipid concentration which
were obtained from IR spectral analysis of both EV and miR-125b transfected cells.
Moreover, most of the spectral bands in fingerprint region (1800-650 cm™) showed
negative loading values, implying the decreased the amount of these bands originated
molecules in miR-125b transfected breast cancer cells. These obvious differences
between the loading plots in the lipids of EV and miR-125b indicated the altered lipid
profiles of MCF7-125b and T47D-125b cells.

Both the score and loading plots of both cell lipids supported that miR-125b

reexpression induced alterations in the lipid metabolism of breast cancer cells.
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3.2.1.2.2 Hierarchical Cluster Analysis

Finally, HCA was employed to distinguish the extracted lipids of breast cancer cells
according to the differences in their ATR-FTIR data. Figure 48A showed the HCA
dendograms of extracted lipids of EV and miR-125b transfected MCF7 cells, whilst
Figure 48B demonstrated the extracted lipids of T47D-EV and T47D-125b cells. As
shown in figures, both cell types were successfully differentiated from control groups,

indicating meaningful differences between the lipids of studied cancer cell types.
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CHAPTER IV

CONCLUSION

miRNAs, as being micro-regulators, have fundamental roles in many cellular functions
including the metabolism of cells. Therefore, it is inevitable that the deregulation of
these molecules lead to pathogenesis of cancers. Among deregulated miRNAS in breast
cancer, miR-125b is one of the most downregulated miRNAs (Calin et al., 2002).
Although several targets of this miRNA and their roles in main cellular properties e.g.
proliferation, migration etc. have been determined in several cancers, the link between
its deregulation and the consequences of this deregulation in the molecular alterations
especially in the lipids of cancer cells has not been fully elucidated yet. For that reason,
we performed holistic approach to reveal these changes in miR-125b transfected and
empty vector transfected breast cancer cells by ATR-FTIR spectroscopy coupled with
chemometric analysis methods and ESR spectroscopy.

The spectral data analysis of cell and cell lipids indicated that the decrease in the
amount of saturated and unsaturated fatty acids was found in MCF7-125b and T47D-
125b cells. Moreover, the shorter chains of fatty acids was observed in both cells.
These changes may be due to increase in lipid peroxidation. Moreover, miR-125b
reexpression lowered the membrane fluidity in MCF7-125b cells while it enhanced the
same parameter in T47D-125b cells. The protein and nucleic acid amounts were
significantly diminished in both cell lines which may be due to the miR-125b induced-
suppression of the targets that have role in the synthesis of these molecules. Regarding
cellular properties, the decline in the metabolic and transcriptional status of miR-125b
transfected cells was observed. The glycogen content of MCF7 was found to be

decreased whilst this parameter increased for T47D-125b cells. Furthermore, the
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proliferation rate was found to be significantly lower for MCF7-125b relative to the
T47D-125b cells which may be due to fact that these cells may have differences in

terms of their transcriptomes and what miR-125b targets in these cells.

To define which molecular content was more profoundly altered with miR-125b
transfection, lipid/protein ratio was calculated. The decrease in this ratio for MCF7
cell was obtained, implying that lipid metabolism was more profoundly altered. On
the other hand, the increase in this ratio for T47D cell was attained, indicating more
profound changes in protein relative to lipid metabolism. Therefore, to reveal the
variations in the content and types of lipids, the extracted lipid spectra of EV and miR-
125b transfected MCF7 and T47D cells were examined. The results indicated the
reduction in the phospholipid, sphingolipid and sphingomyelin amount for both cell
lines with miR-125b expression. The reduced cholesterol, cholesterol ester
concentration was seen in MCF7 cells but opposite value was obtained for T47D cells.
The differences in the alterations of cholesterol and cholesterol ester concentration
may account for the dissimilarity of membrane dynamical changes between cells since
the change in the relative ratio of cholesterol and sphingolipid content in membranes

differently affects membrane fluidity.

Based on these contextual alterations in breast cancer cells following miR-125b
transfection, to indicate whether there is a discrimination between EV and miR-125b
transfected cells, PCA and HCA methods were applied to the both cell and cell lipid
spectra. PCA score plots revealed the successful and separate clustering of studied
groups. Loading spectra showed the alterations in different molecules that lead them
to be distinguished. In addition to these analysis, HCA dendrogram results
demonstrated the discrimination between miR-125b transfected and EV transfected

breast cancer cells with higher heterogeneity.

Both spectral data and chemometric analysis results support deregulation of miR-125b
expression which may be associated with metabolic alterations of epithelial breast cell,
especially lipids, and contribute to the pathogenesis of breast cancer cells. Our results
contributed to the elucidation of the global roles of miRNASs in cancer etipathogenesis.
Moerover, this study proved the capability of ATR-FTIR spectroscopy in the
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discrimination of cancer cells based on miRNA expression .However, to elucidate the
holistic roles of this miRNA in breast cancer, further metabolic assays/arrays and

genetic studies are required. Future studies will focus on these aspects.
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APPENDIX

A. IR spectra of pure lipids
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Figure A.1 IR spectra of pure lipids. Lipid structures are indicated in the top right corner of each box

(Taken from Derenne 2013).
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