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IDENTIFICATION OF LONG NON-CODING RNAs THAT HAVE POTENTIAL TO
BE NOVEL DIAGNOSTIC, PROGNOSTIC BIOMARKERS OR THERAPEUTIC
TARGETS IN MANTLE CELL LYMPHOMA THROUGH WHOLE-
TRANSCRIPTOME SEQUENCING

Deniz Kursun, Izmir International Biomedicine and Genome Institute, Dokuz Eylul
University Health Campus, Balcova, 35340, Izmir / Turkey, deniz.kursun@msfr.ibg.edu.tr

ABSTRACT

Mantle cell lymphoma (MCL) is a B-cell non-Hodgkin's lymphoma (NHL) which is
considered as an incurable lymphoid neoplasm with a continuous relapse pattern and a median
survival of only 3-5 years. Therefore, there is an urgent need to elucidate the MCL disease
pathobiology and identify novel biomarkers and therapeutic target in order to optimize the
treatment and improve the prognosis of MCL patients. Long noncoding RNAs (IncRNAs) have
been shown to involve the development of many cancers and some of them are used as novel
biomarkers. However, there are very few reports of IncRNAs that are related to the MCL
pathogenesis and prognosis.

In this study, we aimed to identify IncRNAs that have the potential to be novel
diagnostic, prognostic biomarkers or therapeutic targets in MCL through whole-transcriptome
sequencing. We examined the INcRNA and also mMRNA expression profile of 18 MCL samples
and compared with 3 control samples. A total of 1149 significantly differentially expressed
INcRNASs were detected with 322 of INcCRNAs upregulated and 827 of IncRNAs downregulated
in MCL. We analyzed some selected InNcRNAs in MCL patient tumor samples - for cross-
validation of WTS results - by gRT-PCR. We also performed pathway analysis to interpret the
differential expression data. And we found that upregulated mMRNAs were mainly involved in
angiogenesis and pathways in cancer. We examined the diagnostic value of differentially
expressed AC010983.1, LINC01268, PWRN2, MAGI1-IT1 IncRNAs and SOX11, EZH2 and
IL33 mRNAs by ROC curve analysis. Despite a high area under the curve value of selected
transcripts, according to the log-rank test of Kaplan Meier curves, p values were not significant
(P>0.05). However, our present study showed the potential value of significantly differentially
expressed IncRNAs and mRNAs on MCL patient prognosis which should be further

investigated with increased sample number and functional assays.

Keywords: MCL, NHL, RNA-seq, IncRNA



Mantle hiicreli lenfomalarda 6zgiin tam, prognoz belirteci veya tedavi hedefi olma
potansiyeline sahip uzun kodlamayan RNA’larin tiim transkriptom dizi analizi yoluyla
belirlenmesi

Deniz Kursun, Izmir International Biomedicine and Genome Institute, Dokuz Eylul
University Health Campus, Balcova, 35340, Izmir / Turkey, deniz.kursun@msfr.ibg.edu.tr

OZET
Mantle hiicreli lenfoma (MCL), siirekli niiks paterni ve sadece 3-5 yil ortanca sagkalim

ile tedavi edilemeyen bir lenfoid neoplazmi olarak kabul edilen B hiicreli Hodgkin olmayan
lenfoma alt tiiriidiir (NHL). Bu nedenle, MCL hastalarinin tedavisinin optimize edilmesi ve
prognozlarinin iyilestirilebilmesi icin MCL patolojisinin aydinlatilarak yeni biyobelirteglerin
kesfedilmesi ve tedavi hedeflerinin belirlenmesi gerekmektedir.Uzun kodlayici olmayan
RNA'larin (IncRNA'lar) bircok kanserin gelisimine katki koydugu ve bazilarinin yeni
biyobelirtegler olarak kullanildigi gosterilmistir. Bununla birlikte, MCL patogenezi ve

prognozu ile ilgili ¢cok az sayida IncRNA literatiirde rapor edilmistir.

Bu ¢alismada, tiim transkriptom dizilime yoluyla MCL'de yeni tanisal, prognostik
biyobelirtegler veya terapdtik hedefler olma potansiyeli olan IncRNA'lar1 belirlemeyi
amagcladik. 18 MCL numunesinin IncRNA'sin1 ve ayrica mRNA ekspresyon profilini inceledik
ve 3 kontrol numunesi ile Kkarsilastirildik. Toplamda 1149 anlamli sekilde farkli
sekilde eksprese edilen IncRNA’lar belirledik. Belirlenen bu IncRNA’lardan 322 tanesi
upregiile, 827 tanesi ise kontrol Orneklere gore downregiile olmustu. MCL hasta tiimor
numunelerindeki bazi se¢ili IncRNA’lar1t —~WTS sonuglarinin ¢apraz validasyonu amaciyla-
gRT-PCR ile analiz ettik. Farkli sekilde ekprese edilen genleri yorumlamak i¢in yolak analizi
gerceklestirdik ve upregiile edilmis mRNA'larin ¢ogunlukla anjiyogenez ve kanserdeki
yolaklarla iliskili oldugunu gozlemledik. AC210983.1, LINC01268, PWRN2, MAGI1-IT1
IncRNA'larm ve SOX11, EZH2 ve IL33 mRNA'larm MCL prognozunu belirleyebilecek
transkript seviyelerini ROC egrisi analizi ile inceledik. Kaplan Meier egrileri, P degeri anlamli
degildi (P > 0.05). Bununla birlikte, bu ¢aligmamiz, MCL hasta prognozunda anlamli sekilde
farkl sekilde eksprese edilen IncRNA'larin ve mRNA'larin, artan numune sayis1 ve fonksiyonel

analizlerle daha fazla arastirilmasi gereken potansiyel degerini gostermistir.

Anahtar kelimeler: MCL, NHL, RNA dizileme, IncRNA



1.INTRODUCTION AND AIMS

1.1.Statement and Importance of the Problem

Mantle cell lymphoma (MCL) is a rare B-cell non-Hodgkin's lymphoma (NHL) which
is considered as an aggressive, incurable lymphoid neoplasm with a continuous relapse pattern
and a median survival of only 3-5 years (Jares, Colomer, & Campo, 2007; Swerdlow et al.,
2016). MCL is a heterogeneous disease with a broad spectrum of clinical, pathological, and
biological features; hence, clinical treatment options are also variable (Campo, 2014).
Conventional MCL is treated with a front-line combination of chemotherapy or intensive
chemo-immunotherapy followed by stem-cell transplantation as consolidation therapy.
However, along with severe side-effects of chemotherapy regimens, resistance to these
therapies occurs and tumor eventually relapse although most of the time patients initially
respond to these therapies (Wu et al., 2016). Therefore, there is an urgent need to elucidate the
MCL disease pathobiology and identify of novel biomarkers and therapeutic target to optimize
the treatment and improve the prognosis of MCL patients (Ahmed, Zhang, Nomie, Lam, &
Wang, 2016).

1.2. Aims of the Study

The aims of this study are as follows: 1) identification and quantification of the
dysregulated long non-coding RNAs that have potential to be novel diagnostic, prognostic, and
therapeutic targets in MCL disease through whole transcriptome sequencing; 2) investigation
of the association between up or down-regulated IncRNA or mRNAs with MCL patient

prognosis.

1.3. Hypothesis of the Study
There are dysregulated oncogenic IncRNAs in MCL cases, which promote MCL

tumorigenesis and/or predict patient survival.



2. GENERAL INFORMATION

2.1. Normal B-Cell Development

The vast majority of the worldwide incidence of lymphoid malignancies are derived
from B-cells. Therefore, to better elucidate the mechanism of B-cell pathogenesis, it is
necessary to understand the normal B-cell development and function (Evans & Hancock, 2003).

There are two types of lymphoid organs: primary — including bone marrow and thymus- and
secondary lymphoid organs -including spleen and lymph nodes. Lymphocyte generation and
maturation occur within primary lymphoid organs. Then through blood circulation, mature
lymphocytes migrate to secondary lymphoid tissues where they encounter antigens that activate
them. This encounter, in turn, leads to proliferation and differentiation of this lymphocyte into
effector and memory cells (Abbas, Abul K, Lichtman, Andrew H, Pillai, 2018; Evans &
Hancock, 2003).

In humans, B-cells develop from hematopoietic stem cells (HSCs) in the fetal liver and
after birth, most of their differentiation and maturation occurs in the bone marrow (Galy, Travis,
Cen, & Chen, 1995). This process is mostly stimulated by hematopoietic cytokines such as
colony-stimulating factors which are mostly produced by the stromal cells in the bone marrow
(Abbas, Abul K, Lichtman, Andrew H, Pillai, 2018; Lebien, 2000). Hematopoietic stem cells
(HSCs) are multipotent and have the capacity to self-renew and depending on the received
stimuli give rise to all types of blood cells, including lymphocytes. By transducing the essential
B-cell development signals HSCs differentiate into common lymphoid precursors (CLPS)
which can rise to B cells, T cells, natural killer (NK) cells and dendritic (DC) cells; and they
lose the myeloid potential. Progenitor B cells (Pro-B) are the first precursor B cells which are
differentiated from the CLPs and play a cardinal role in the humoral responses against the
foreign antigens (Lebien, 2000; Rolink & Melchers, 1991).



Another cardinal step of B lymphocyte development is the antigen receptor gene
rearrangements encoding the B cell receptor (BCR)/Immunoglobulin (Ig). This process paves
the way for a highly diverse array of the adaptive immune repertoire. BCRs are composed of
two polypeptide chains, heavy and light chain, which are joined by disulphide bonds (Schatz &
Ji, 2011). The first step of normal B cell differentiation is the somatic recombination of V(D)J
(variable, diversity and joining) genes in the (Ig) heavy gene locus of pro-B cells (Figure 1).
V(D)J recombination is an error-prone process and also an important source of chromosomal
aberrations and therefore may contribute to the development of lymphomas and leukaemias
(Mills, Ferguson, & Alt, 2003). VVDJ recombination process is initiated by an important protein
complex: recombination activating genes 1 (RAG1) and RAG2. Precursor B cells express the
following specific markers: CD34 and terminal deoxyribonucleotide transferase (TdT). TdT is
an important molecule which adds untemplated “N” nucleotides to the free 3 termini of the
coding ends following their cleavage by RAG1/2 recombinases (Nemazee, 2006; Punt,
Stranford, Jones, & Owen, 2018; Schatz & Ji, 2011).

f Edited

IeL
chain
Pre-BCR
1 IgL
VpreB cham
Positive
selection
Large Small Immature Mature
pre-B pre-B B cell B cell
cell cell

(modified from Nemazee et al,2006)

Figure 1: Illustration of BCR gene recombination events in normal B cell development



Pro-B cells carry out the DH-JH rearrangements and do not express Ig on their surface.
The following precursor stage (Pre-B cells) includes VH rearrangement to the DH-JH segment
and then Ig Kappa (IgK) and Ig Lambda (IgL) genes are rearranged (Jares, Colomer, & Campo,
2012). Ig heavy chain (p) in pre- B cells are then associates with the surrogate light chains
consisting of VpreB, A5: to form the pre-B cell receptor (pre-BCR) which is expressed on the
cell surface. This process along with the expression of Ig-a (CD79a) and Ig-b (CD79b)
promotes the cell differentiation from the pre-B cell to the generation of a diverse population
of IgM+ immature B cells. Accordingly, BCR expression is essential for B cell development
and survival in the periphery. Self-reactive immature B cells are subjected to negative selection
at this checkpoint of B-cell tolerance (Pelanda & Torres, 2012). On passing the checkpoint,
IgM+ immature B cells migrate to the spleen where they differentiate into distinct transitional
B cell stages and can eventually differentiate into circulating follicular B cells or marginal zone
(MZ) B cells (Matthias & Rolink, 2005; Song & Matthias, 2018).

Antigen inexperienced, mature B cells with surface-bound IgM+, IgD+ (naive B cells)
recirculate between the blood and the lymphoid organs until they are activated by antigens to
proliferate and differentiate into effector and memory cells. Naive B cells exist at very low
frequencies and rarely if ever divide (Luckey et al., 2006). Upon antigen binding, naive B cells
travel to secondary lymphoid tissues and undergo further differentiation to form germinal

centres.

Naive B cells are activated by antigen receptor stimulation in two different ways: T-cell
independent and T-cell dependent activation (Mesin, Ersching, & Victora, 2016). In the absence
of MHC class Il T helper cells, BCRs interact with foreign antigens that have organized and
highly repetitive epitope units which allow for the crosslinking of multiple BCRs, providing
the first signal for activation. Since the T cells are not involved, the second signal for activation
comes from the other molecules such as interactions of toll-like receptors (TLRs) and PAMPs
(Pathogen-associated molecular pattern). Upon activation, B cells undergo clonal proliferation
and differentiate into plasma cells which produce large numbers of antibodies with low-affinity
IgM. After differentiation, the surface BCRs disappear and the plasma cell secretes pentameric
IgM molecules that have the same antigen specificity as the BCRs. The T cell-independent

response is short-lived and does not result in the production of memory B cells. Thus, it will



not result in a secondary response to subsequent exposures to T-independent antigens (Hess et
al., 2013; Vos, Lees, Wu, Snapper, & Mond, 2000).

The other type of naive B cell activation is the T-cell dependent activation which
requires the interaction of co-stimulatory surface BCRs with ligands expressed by T cells and
/or antigen-presenting cells (APCs). Activated B cells proliferate rapidly and form germinal
centres (GCs) in the follicles of the peripheral lymphoid tissues, including the lymph nodes,
tonsils, spleen and Peyer’s patches (De Silva & Klein, 2015; Lebien, Thomas, & Tedder, 2008).

In the germinal centers, B cells undergo clonal expansion and experience two key
processes, somatic hypermutation (SHM) and class-switch recombination (CSR) in order to
increase antigen affinity. During GC reactions an active positive selection occurs by which B
cells are selected for survival and proliferation on the basis of their increased affinity for
antigens, this process is termed as affinity maturation. SHM process occurs at the 1g VH region
by introducing mostly single nucleotide substitutions and generates mutant GC B cell clones
that have a diverse range of affinities for the antigens. CSR occurs at the IgH locus, via a DNA-
level mechanism which mediates isotype switching (or class switching) of antibodies from IgM
and IgD to either IgG, IgA or IgE. CSR and SHM are mediated by a genome mutator enzyme,
termed activation-induced cytidine deaminase (AID). All these processes shape the antibody
response producing GC B cells with high-affinity, class-switched antibodies that can
differentiate into either antibody-secreting plasma cells or long-lived memory B cells. GC
microenvironment is cardinal for the humoral immunity for being the main source of memory
B cells and plasma cells that produce high-affinity antibodies (Lebien et al., 2008; Recaldin &
Fear, 2016; Shen et al., 2004). The GC reactions are briefly depicted in Figure 2.
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Figure 2: Demonstration of germinal center reactions

T-cell co-stimulated naive B cells move to the center of the primary follicle where they
further associate FDCs. Rapidly proliferating B cells push the IgM+ IgD+ B cells aside, leading
to secondary follicle formation to form the mantle zone around the GC. After several days of
cell proliferation, the specific GC structure becomes evident: a dark region containing densely
packed proliferative B cells known as centroblasts and a light region of smaller, non-cycling
centrocytes within a network of FDCs, T cells and macrophages. In the dark zone, CBs undergo
clonal selection and SHM processes and then move to the light zone, where the modified BCR
of the light zone B cells are selected for improved binding to the antigen. The positive selection
is followed by the recirculation of cells from light zone to dark zone where they are subjected
to further SHM and proliferation; in order to generate antibodies with high affinity. Then,
according to received stimuli, CCs differentiate into antibody-secreting plasma cells or
memory-B cells and leave the GC (De Silva & Klein, 2015; Victora et al., 2012).



All these reactions are regulated by several important transcriptional factors including
Paired box protein 5 (PAX5) also known as ‘B-cell identity gene’ a gene compulsory for B-cell
lineage commitment. B cell lymphoma 6 (BCL-6) is an essential gene for dark zone gene
expression programme and thus for the SHM process. REL and MYC genes play an important
role during light and dark zone recirculation process. Interferon-regulatory factor 4 (IRF4) gene
is required in CSR reactions as well as for the generation of plasma cells which are derived
from GC. B lymphocyte-induced maturation protein 1 (BLIMP1) is also required for plasma
cell differentiation (De Silva & Klein, 2015; Klein & Dalla-Favera, 2008; Shen et al., 2004;
Song & Matthias, 2018).

2.2. Lymphoid Neoplasms

Lymphoid neoplasms originate from malignant transformation of normal lymphocytes
at different developmental and/or maturation stages and altogether represent the fourth most
common cancer (Morton et al., 2007; Teras et al., 2016). Lymphoid neoplasms exhibit a very
diverse and heterogenic group of malignancies including Hodgkin and non-Hodgkin
lymphomas (NH, NHL), lymphocytic leukaemias, and plasma cell neoplasms (Jiang, Bennani,
& Feldman, 2017; Morton et al., 2007; Teras et al., 2016). Among these, NHL is the most
common subtype and ranks as 6th most common cancer in the UK (Bowzyk Al-Naeeb,
Ajithkumar, Behan, & Hodson, 2018).

Similar to most type of cancers, activation of proto-oncogenes and derangement of
tumor suppressor genes occurs during lymphomagenesis. On the other hand, the genome of the
lymphoma cells is relatively more stable than most types of carcinoma cells (epithelial cancer
cells). The act of enzymes which are responsible for immunoglobulin gene recombinations may
cause DNA double-strand breaks which in turn may cause chromosomal translocations. Indeed,
one of the major mechanism of proto-oncogene activation is chromosomal translocations. There
is a tendency for the juxtaposition of the proto-oncogene to heterologous regulatory sequences
(Evans & Hancock, 2003; Shankland, Armitage, & Hancock, 2012).

The vast majority of NHL arises from B-cells at various stages (Evans & Hancock,

2003). Normal B cells undergo somatic hypermutations, clonal expansion and class switch



recombination in germinal centres. Consequently, the germinal centre is thought to be the origin
of various types of lymphoma, involving diffuse large B cell lymphoma (DLBCL) and follicular
lymphoma. (Kiippers, 2005; Shankland et al., 2012). Since the IgV mutations occur inside of
the GCs non-Hodgkin lymphomas can be divided into two categories: with and without IgV
mutations. Most of the mantle cell lymphoma cases are represented without IgV mutation
category (Kiippers, 2005; Shankland et al., 2012).

2.3. Mantle Cell Lymphoma

Mantle cell lymphoma is a mature B-cell non-Hodking lymphoma which is considered
as an incurable disease by the World Health Organization (WHO) (Jares et al., 2007; Swerdlow
et al., 2016). The incidence of MCL is between 3-10% among all type of lymphomas and
generally diagnosed with patients over 60 years-old with clear male predominance (> 2:1)
(Cortelazzo, Ponzoni, Ferreri, & Dreyling, 2012; Hoster, 2011).

MCL is a heterogeneous disease with highly diverse clinical and biological subtypes.
Generally, classical MCL (cMCL) follows an aggressive clinical course with a recurrent relapse
pattern and a median overall survival of 3-5 years (Bertoni & Ponzoni, 2007; Dreyling et al.,
2011; Rosenwald et al., 2003). Classical or conventional MCL (cMCL) is the most common
subtype of MCL which originates from IgHV unmutated or minimally mutated CD5+ B cells
which are not exposed to GC environment and generally represent epigenetically naive B cell-
like signature. cMCL cells are generally small to medium size of lymphoid cells; however,
acquiring further molecular and genetic abnormalities may result in highly aggressive
cytological variants including blastoid and pleomorphic variants (Bertoni & Ponzoni, 2007;
Jares et al., 2012; Swerdlow et al., 2017; Vegliante et al., 2013). Patients with cMCL usually
express SOX11, a neural transcriptional factor, and generally have a very aggressive clinical
course with eventual involvement of lymph nodes, gastrointestinal tract (GI) and other
extranodal sites. It has been suggested that SOX11 changes the terminal B-cell differentiation

program (Vegliante et al., 2013).

However, an indolent subtype of MCL is also identified with better survival. Indolent

MCL patients have distinct biological and genetic features than conventional MCL (cMCL) and
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typically have asymptomatic and nonnodal clinical presentation and lacks the expression of
SOX11 (Dreyling et al., 2011; Fernandez et al., 2010; Nodit, Bahler, Jacobs, Locker, &
Swerdlow, 2003; Royo et al., 2012). This non nodal subtype of MCL (nnMCL) originates from
GC-experienced cells which have highly mutated IgHV regions, epigenetically represents
memory B-cell (memory-like) signature and have more stable karyotype than cMCL. Indolent
nnMCL patients generally have a leukemic presentation with the spleen, peripheral blood (PB)

and bone marrow involvement (Swerdlow et al., 2017).

As being a highly heterogeneous disease, the clinical treatment options of MCL is also
variable. MCL is treated with a front-line combination of chemotherapy or intensive chemo-
immunotherapy followed by stem-cell transplantation as consolidation therapy. However,
along with the severe side-effects of chemotherapeutic regimens, resistance to these therapies
occur and tumor relapse although most of the time patients initially respond to these therapies
(Wu et al., 2016). Therefore, there is an urgent need to develop targeted and new strategies for
the treatment of MCL. To do so, the molecular basis and mechanisms of drug resistance in
MCL need to be elucidated (Ahmed et al., 2016). MCL disease risk stratifications are generally
assessed by MCL international prognostic index (MIPI). MCL international prognostic index
(MIPI) is the first and established prognostic index for MCL patients which uses four main
prognostic indexes: age, Eastern Cooperative Oncology Group (ECOG) performance status,
white blood cell (WBC) count, and lactate dehydrogenase (LDH) level. Performance status
which measures the ability to perform daily activities and age are direct factors for measurement
of therapy tolerance whereas, LDH level and WBC count are indirect measures. Additionally,
cell proliferation index (Ki-67) has also been selected that serves as an important biological

marker.
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Table 1: MCL international prognostic index (adapted from Vose et al 2017)

Points Age (years) ECOG PS LDH/ULN  WBC (10° cells/L)
0 <50 0-1 <0.67 <6.7
1 50-59 n/a 0.67-0.99 6.7-9.99
2 60 - 69 2-4 1.00-1.49 10-14.99
3 >69 n/a >1.49 >14.99

*ULN: upper limit of normal
*ECOG PS: ECOG performance status
*n/a: not available

According to this evaluation, MIPI assessed MCL patients into three risk groups:
patients with 0-3 points are assigned as low risk, patients with 4-5 points assigned as
intermediate risk and patients with 6-11 points are assigned as high risk (Table 1). Low-risk
patients do not reach median overall survival (OS), and if there are no other symptoms for the
treatment they may be considered only for close observation. Intermediate risk patients have a
median OS of 51 months, and high-risk patients have a median OS of 29 months (Cheah,
Gairdner, Wang, & Seymour, 2016; E. et al., 2008; Vose, 2017).

The primary oncogenic event and also the genetic hallmark of MCL is the chromosomal
translocation which causes juxtaposition of CCND1 (also known as BCL1), a cell cycle gene
at chromosome 11q13 and IgH chain gene at chromosome 14q32. This reciprocal translocation,
t(11;14)(g13;932), is present in more than 90% of the MCL cases and, and leads to constitutive
expression of CCND1 gene which is not expressed in normal B cells (Jares et al., 2007;
Rosenwald et al., 2003). Nonetheless, CCND1 overexpression alone is not sufficient enough
for lymphomagenesis. Secondary oncogenic events which generally targets cell cycle
(CDKN2A, RB1, BMI1), DNA damage response (TP53, ATM and CHK2) and survival pathway-
related genes (BIRC3, BCL2 and TNFAIP3) are required (Jares et al., 2012; Veloza, Ribera-
Cortada, & Campo, 2019).
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Recently, the incorporation of conventional and novel diagnostic approaches such as
genomic sequencing is used to understand the genetic mechanisms underlying disease
progression, relapse and resistance to therapy on MCL patients (Inamdar et al., 2016). In a study
conducted with the RNA-Seq method, 12% frequency of NOTCH1 gene mutations was
detected on MCL tumor samples and cell lines (Kridel, Meissner, Rogic, Boyle, Telenius,
Woolcock, Gunawardana, Jenkins, Cochrane, Ben-neriah, et al., 2012). In another NGS-based
study, anti-apoptotic protein BIRC3, Toll-like receptor 2 (TLR2), chromatin-modifying
WHSC1, MLL2 and MEF2B genes, as well as disease-associated mutations were detected in
the NOTCH2 gene (Bea et al., 2013). A genome-sized promoter / CpG island methylation
analysis study Reported 8 aberrantly methylated, MCL associated genes; hypermethylated
genes: CDKN2B, MLF-1, PCDH8 and HOXDS8; hypomethylated genes: CD37, HDACI,
NOTCH1 and CDKS5) detected (Leshchenko et al., 2010). In addition to these studies,
microRNAs with irregular expression in MCL tumors have been reported (Igbal et al., 2012;
Navarro et al., 2013).

Recently, with the advent of next-generation sequencing (NGS) technologies through
whole-genome sequencing (WGS), whole-exome sequencing (WES) and miRNA expression
profiling MCL disease etiology tried to be figured out (Ahmed et al., 2016; Kridel et al., 2012;
Navarro et al., 2013). However, these studies have focused considerable effort on identifying
MCL-related somatic mutations in protein-coding genes (Wojcik et al., 2010) and the studies
performed on the non-coding portion of the human genome is rare for MCL (Hu, Gupta, Troska,
Nair, & Gupta, 2017).

2.4. Emerging Roles of Long non-coding RNAs as Cancer Biomarkers
The non-coding part of the human genome is much more abundant than the coding part,

but until recently these parts were generally called junk DNA and thought to have no function
at the organism level. However, along with the recent advances in high throughput
technologies, it was found that this non-protein-coding part of the human genome transcribed
long non-coding RNAs (IncRNAs), which have various important functional roles (Kopp &
Mendell, 2018; Ling et al., 2016).

INcCRNASs are the common name given to transcribed RNAs that are longer than 200 bp,
which do not have an open reading frame and do not encode proteins (Kapranov et al., 2007).

There are tens of thousands of different IncRNAs in humans (Washietl, Hofacker, Lukasser,
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Hiittenhofer, & Stadler, 2005). IncRNAs have various roles in the regulation of expression of
the target gene or gene groups involving transcriptional, post-transcriptional or translational
regulation and also in epigenetic modifications (Jiang, Ni, Cui, Wang, & Zhuo, 2019; Peng,
Koirala, & Mo, 2017).

Studies aimed at elucidating the functions of IncRNAs revealed that these RNA species
are involved in many critical biological processes involving development, cell cycle and
apoptosis. Irregularity in INcRNA expression levels have been shown to be associated with
many diseases, including cancer (Huarte, 2015; Ounzain et al., 2014; van deVVondervoort et al.,
2013).

Dysregulated gene dose and/or expression levels along with the genomic changes
including SNPs (single-nucleotide polymorphisms), CNVs (copy number variations) of
InNcRNAs in tumor cells resulted in the association of InNcCRNAs with oncogenesis (Huarte, 2015;
Jiang et al., 2019). Along with the recent advances in high throughput technologies, the
identification of many IncRNAs which are related with the hallmarks of cancer is detected
(Figure 3) (Schmitt & Chang, 2016). For instance, a IncRNA called HOTAIR has been found
to mediate the interaction of Polycomb repressor complex (PRC2) proteins with histone
modification function with chromatin, and to mediate the expression of target genes (Rinn et
al., 2007).
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Figure 3: LncRNAs which are associated with hallmarks of cancer

Overexpression of HOTAIR IncRNA is associated with many types of cancers including
breast cancer and found to have a strong role in breast cancer metastasis (Huarte, 2015; Peng et
al., 2017). Overexpression of Metastasis- associated lung adenocarcinoma transcript 1
(MALAT1), an evolutionary conserved IncRNA was found to have a role in cell proliferation
and /or metastasis of many types of cancers including lung, colon, prostate, pancreatic, breast
cancer, and mantle cell lymphoma (Huarte, 2015; Wang et al., 2016). Even though the
functional mechanism of MALATL in tumorigenesis is not fully understood it has been thought
that this IncRNA is associated with many disease-related molecular mechanisms including
epithelial-mesenchymal transition (EMT), angiogenesis, Wnt/B-catenin pathway, PISK/AKT
pathway, and ERK/MAPK pathway.

Identification of functional IncRNAs which paves the way for tumorigenesis and
metastasis make them promising therapeutic targets and also promising biomarkers in cancer
diagnosis and prognosis. For instance, Prostate cancer-associated 3 (PCA3) that is a prostate
cancer-specific biomarker, is the first Food and Drug Administration (FDA) approved test

15



based on IncRNA. Furthermore, HULC, a IncRNA which is overexpressed in hepatocellular
carcinoma (HCC) and serves as a biomarker, can be detected in the blood by PCR (Schmitt &
Chang, 2016).

The studies reporting IncRNAs associated with MCL disease formation and
pathogenesis are recently increasing (Fan et al., 2019; Hu et al., 2017; Mu, Liu, Wu, Xia, &
Fang, 2019; Y. Zhang, Lu, Du, & Zhang, 2019); however, there is only one study which used
the whole transcriptome sequencing method for IncRNA profiling in four MCL cases and four
control samples (Hu et al., 2017). The different aspects of this dissertation from the articles of
Hu, Gupta et al. study are as follows: 1) The relationship between DEIncCRNAs and MCL
clinical course is examined. The relationship between IncRNAs with irregular expression and
patient survival was evaluated. 2) Different than the article, our study also aimed to determine
the signaling pathways affected by significantly DEmRNAs.

Therefore, in this study, this multidimensional aspect of RNA-Seq method has been
utilized; for differentially expressed IncRNA identification in MCL tumors using RNA-Seq
sequencing data; contributing to the elucidation of MCL etiology; and to explore specific

diagnostic, prognostic and therapeutic targets.
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3. MATERIALS AND METHODS

3.1. Type of the Study
This is an experimental study.

3.2. Time and Location of the Study
All the experimental part of this study were conducted at the 1zmir Biomedicine and
Genome Center, between March 2017 and November 2019. Whole transcriptome sequencing

services were obtained from Macrogene (South Korea) and Novogene (Hong Kong) companies.

3.3. Population and Sample of the Study

Between 2011 and 2017, tumor sections of formalin fixed paraffin embedded (FFPE)
lymph node biopsy tissues belonging to 18 different patients diagnosed with MCL disease were
obtained from the DEU Pathology department. MCL disease characterization of these samples
was performed by the pathology department as part of the routine diagnostic procedure. Tumor
sections were prepared from FFPE tumor tissues at approximately 8 um thickness with a
microtome device at DEU iBG-izmir Histopathology Department or DEU Medical Pathology
department and placed into sterile 1.5 mL eppendorf tubes with a maximum of 5 sections per
tube.

For non-lymphoma control samples, 7 fresh, reactive pediatric tonsil samples were
obtained from routine tonsillectomy operations at DEU Otorhinolaryngology (Ear-Nose-

Throat) department.

All these human samples were collected and processed in accordance with the ethical
recommendations accepted by the DEU Noninvasive Research Ethics Board (with 2525-GOA

protocol number and 2017/26-31 decision number).
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3.4. Materials of the Study
3.4.1 Solutions

Solutions

Vendor/ Contents

1X PBS+5mM EDTA

250ml 1XPBS (pH 7.2-7.4) with 0,47g
Na,EDTA

10X ACK Lysis Buffer

43g NH4Cl; 5 KHCOs; 0,186g9 Na,EDTA
and 500ml ddH20 (pH7.2)

10X PBS Gibco by Life Technologies, Carlsbad, CA,
USA
RPMI Gibco by Life Technologies, Carlsbad, CA,

USA

TAE Buffer (Tris-acetate-EDTA) (50X)

Thermo Fisher Scientific, Waltham, MA,
USA

Ficoll-Paque  PLUS
centrifugation medium

density  gradient

GE Healthcare, Uppsala, Sweden

3.4.2. Chemicals

Chemicals

Vendor

Ethanol Absolute

Isolab, Wertheim, Germany

Chloroform

Sigma-Aldrich ,St. Louis, Missouri, USA

TriZol

Ambion, Austin, TX, USA

B-Mercaptoethanol

Sigma-Aldrich, St. Louis, Missouri, USA

Trypan Blue Solution

Sigma-Aldrich, St. Louis, Missouri, USA

50 bp DNA Ladder

New England Biolabs, MA, USA

RedSafe Nucleic Acid Staining Solution

iINtRON Biotechnology, KOREA

3.4.3. Kits
Kit Name Vendor Catalog No
RNeasy Mini kit (50) Qiagen, Hilden, Germany 74104
RNeasy FFPE kit (50) Qiagen, Hilden, Germany 73504
QuantiTect Reverse Transcription Kit (50) | Qiagen, Hilden, Germany 205311
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Maxima SYBR Green qPCR Master Mix | Thermo Fisher Scientific, | KO251
(2X) (200) Waltham, MA, USA

3.4.4. FACS Antibodies

Antibodies Vendor Catalog
No

PE Mouse Anti-Human CD38 BD Biosciences, San Jose, CA | 560981
Clone HIT2 (RUO)

PerCP-Cy™S5.5 Mouse Anti-Human CD23 BD Biosciences, San Jose, CA | 561166
Clone M-L233 (RUO)

APC Mouse Anti-Human IgD BD Biosciences, San Jose, CA | 561303
Clone 1A6-2 (also known as 6-1A6-2) (RUO)

PE anti-human CD38, 100 tests

Reactivity: Human, Cross-Reactivity: | Biolegend, San Diego, CA, | 303506
Chimpanzee, Horse, Cow (Bovine); Clone: HIT2 | USA

PerCP/Cyanine5.5 anti-human CD23, 100 tests | Biolegend, San Diego, CA, | 338518
Reactivity: Human; Clone: EBVCS-5 USA
APC anti-human IgD, 100 tests Biolegend, San Diego, CA, | 348222
Reactivity: Human; Clone: 1A6-2 USA

DAPI (4',6-Diamidino-2-Phenylindole, | Biolegend, San Diego, CA, | 422801
Dilactate), 10 mg Reactivity USA
3.4.5. Equipments

Equipment Name Vendor

Refrigerator (+4°C) Bosch, Stuttgart, Germany

Refrigerator (-20°C) Bosch, Stuttgart, Germany

Freezer (-80°C) Eppendorf, Hamburg, Germany

MicroCL 17R centrifuge Thermo Fisher Scientific, Waltham, MA, USA
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Centrifuge 5810R Eppendorf, Hamburg, Germany

Vortex Thermo Fisher Scientific, Waltham, MA, USA
mySPIN™ mini centrifuge Thermo Fisher Scientific, Waltham, MA, USA
UVC/T-AR DNA/RNA UV box Biosan, LATVIA

SimplyApp Thermal Cycler Applied Biosystems, Foster City, CA, USA
T100 Thermal Cycler Bio-Rad, Hercules, CA, USA

Light Cycler 480 11 Roche Applied Science, Mannheim, Germany
BD FACSAria™ II1 Biolegend, San Diego, CA, USA

NanoDrop 2000 Thermo Fisher Scientific, Waltham, MA, USA
Hemocytometer Qiujing Company, Shanghai, CHINA

ZEISS Axio Vert.Al Inverted Microscope | Zeiss, Oberkochen, Germany

Precision balance Sartorius, Gottingen, Germany

pH meter Hanna, Rhode Island, ABD

Magnetic stirrer with heater Thermo Fisher Scientific, Waltham, MA, USA

Gel Doc XR+ Gel documentation system | Bio-Rad, Hercules, CA, USA

Power supply unit for electrophoresis Bio-Rad, Hercules, CA, USA

3.5. Variables of the Study

Dependent variables: Transcript expression levels of different MCL and control samples

Independent variables: Effect of differential expression on prognosis of MCL patients.

3.6 Data Collection Tools

3.6.1. Collection of MCL tumor tissue samples and obtaining FFPE sections

Between 2011 and 2017, tumor sections of FFPE lymph node biopsy tissues belonging
to 18 different patients diagnosed with MCL disease were obtained from the DEU Pathology
department. The lymph node biopsies were abundant in tumor tissue. Tumor sections were
prepared from FFPE tumor tissues at approximately 8 pum thickness with a microtome device

at DEU iBG-izmir Histopathology Department and placed into sterile 1.5 mL eppendorf tubes
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with a maximum of 5 sections per tube. Tubes containing tumor tissue sections of each patient

were stored at + 4 ° C until RNA isolation.

3.6.2. RNA isolation from MCL tumor FFPE tissue sections

As a clinical diagnostic process, tumor biopsies are routinely fixed in formalin and
embedded in paraffin blocks and kept in pathology archives for long term storage. FFPE
sections represent an invaluable source for research and allow for long term follow up.
However, nucleic acids in FFPE tissue samples are adversely affected during this fixation
procedures. The extent of nucleic acid degradation depends on many factors such as sample
type and age, fixation and paraffin embedding conditions, storage time and temperature (Antica,
Paradzik, Novak, Dzebro, & Dominis, 2010; Bohmann et al., 2009; Deben et al., 2013). von
Ahlfen et al demonstrated that RNA integrity is better preserved when the FFPE tumor samples
are kept at +4 °C (von Ahlfen, Missel, Bendrat, & Schlumpberger, 2007). Hence, in order to
minimize the RNA degradation, after obtaining the FFPE tumor sections of each patient were
stored at + 4 ° C until RNA isolation.

RNA isolation from 18 collected FFPE tumor tissue sections of each MCL patient was
performed using the RNeasy FFPE kit (Qiagen, Cat no: 73504) by following the manufacturer's
instructions. The RNeasy FFPE Kit was specifically designed for the purification of total RNA
from formalin-fixed, paraffin-embedded tissue sections. This Kit has been optimized to reverse
the chemical modification and crosslinking caused by formaldehyde fixation process as much
as possible, without further RNA degradation (Belder et al., 2016; Deben et al., 2013).

The RNA isolation procedure can be summarized as follows: First, paraffin was
removed from the FFPE tissue sections by adding 320 ul Xylene solution for deparaffinization.
Then, samples are incubated at 56°C for 3 minutes, then allowed to cool at room temperature.
Next, 240 ul PKD lysis buffer was used to separate the RNA from the sections and centrifuged
for 1 minute at 11,000 x g. After centrifugation, 10 ul proteinase K is added to the lower, clear
phase and mixed gently by pipetting up and down about 30-40 times. Then, samples are
incubated in a shaking incubator at 56°C for 15 minutes, then at 80°C for 15 minutes with
shaking speed of 350 rpm. The 15 minutes incubation at 80°C is very crucial to reverse the
crosslinking of RNA caused by the formalin, improving the RNA quality. After this step, the

lower, uncolored phase is transferred into a new 1,5 ml microcentrifuge tube and incubated on
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ice for 3 minutes.Then, centrifuged for 15 minutes at 20,000 x g (13,500 rpm). After
centrifugation, the supernatant is carefully transferred into a new 2 ml microcentrifuge by
avoiding disturbing the pellet. Next, DNase Booster Buffer equivalent to a tenth of the total
sample volume (approximately 18ul) and 10 pl DNase I stock solution is added and mixed by
inverting the tube and centrifuged briefly to collect residual liquid from the sides of the tubes.
It is then followed by incubation at room temperature for 15 minutes. 500 ul RBC buffer and
1200 pl ethanol (100%) were added to the sample to adjust binding conditions, and the lysate
mixed thoroughly. Then, 700 pl of the sample was transferred to an RNeasy MinElute spin
column and centrifuged for 15 seconds at >8000 x g and flow though is discarded. This step
was repeated until the whole sample is passed through the column. 500 pl buffer RPE was
added twice to washed the spin column and centrifuged firstly for 15 seconds at >8000 x g and
then for 2 minutes at >8000 x g. In order to eliminate the residual ethanol and dry the silica

membrane, spin-column was centrifuged at full speed for 5 minutes.

Finally, the RNeasy spin column was placed in a new 1.5 ml collection tube and RNA
was eluted in 30 ul RNase-free water by centrifugation at full speed for 1 minute. The
concentration and purity of the isolated RNA samples were determined spectrophotometrically
with the Thermo Nanodrop 2000 instrument and stored at —80°C until use. RNA samples with
A260/A280 ratios between 1.8-2.2 and A260/230 ratios above 2 were considered pure.

3.6.3. Obtaining B cell subtypes from reactive tonsil tissues by FACS

Fresh tonsil tissues were obtained from routine tonsillectomy operations in DEU ENT
department. Tonsils were collected and processed in accordance with the ethical
recommendations accepted by the local ethics committee. Two types of B cells (Naive B cells

and memory B cells) were isolated from seven tonsillectomy specimens as control samples.

The first few samples obtained from DEU ENT department were used for experimental
optimization. As a result of these trials, the optimized workflow was determined as follows:
Immediately after surgical removal tonsil tissues were placed in 1X PBS solution and

transported first to DEU Pathology department and then to iBG-center, on ice. In the pathology
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department of DEU, half of a pair of tonsillar tissues were cut for diagnostic purposes and other

halves were used in the experimental procedures which were performed in the iBG-center.

In order to prepare cell suspension from tonsil tissues, tissue homogenization was
performed first with the help of a forceps and a metal mesh and 50 mL of cell suspension were
prepared using 1 X PBS + 5 mM EDTA solution. The tonsil cell suspension was passed through
a 100-micron filter (Corning Ref no: 352360) to eliminate cell clumps and debris. After this
step, two different methods were used for the preparation of tonsil cells for fluorescence-
activated cell sorting (FACS) analysis: Mononuclear cell (MNC) recovery by Ficoll-Paque
PLUS density gradient centrifugation medium and ACK lysis method. MNCs recovery by
Ficoll-Paque was performed according to the manufacturer’s instructions. Nevertheless, ACK

lysis method gave better yield in terms of tonsil cell number.

ACK lysis method can be summarized as follows: The 50 mL tonsil cell suspension
was incubated for 15 minutes in 1X ACK lysis buffer at a ratio of 1: 4 (10 ml tonsil cell
suspension and 40 ml 1X ACK buffer in each five falcon tubes). After centrifugation and
washing with 1X PBS + 5mM EDTA solution, cell pellet suspended in 20 mL of 1XPBS +
5MmEDTA solution was prepared. After cell counting with trypan blue, direct

immunofluorescence staining of tonsillar cells was performed for cell sorting.

It has been known that conventional MCL has a naive B cell-like signature and nonnodal
leukemic type of MCL have memory B-cell like signature (Veloza et al., 2019). Therefore,
naive B cells and memory B cells were sorted from tonsil B-cell suspension. The B lymphocyte
subtypes and the differentiating antibodies used during cell sorting is listed in Table 2 The flow
cytometer antibodies were chosen as PE, PerCP-Cy ™ 5.5 and APC which has four different

fluorescent channels.
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Table 2: Immunopthenotypic profile and used FACS antibodies for B-cell subsets

Cell Type Immunophenotypic FACS Antibodies
Profile
Naive B cell IgD* / CD23" APC Mouse Anti-Human IgD;
PerCP-Cy™S5.5 Mouse Anti-Human CD23
Memory B cell  IgD7/ CD38" PE Mouse Anti-Human CD38;

APC Mouse Anti-Human IgD

In FACS analysis, it is important to locate the cells labelled with antibodies as well as
the non-labelled, i.e. negative population. To be able to locate the negative population, an
unstained sample was used as a negative control in each experiment. This unstained control
sample allows to determine the background fluorescence level or autofluorescence level and to
properly adjust the voltages and negative gates. Besides, since multiple fluorochromes were
used with the FACS device, fluorescence compensation beads were used to correct the spectral
overlap between the fluorochromes when interpreting the signals obtained (Cossarizza et al.,
2017; Tung, Parks, Moore, Herzenberg, & Herzenberg, 2004). Compensation tubes are
prepared according to the manufacturer’s protocol (Anti-Mouse Ig, k/Negative Control

Compensation Particles Set, cat no: 552843).

Thirty million cells for each tonsillar sample were prepared for flow cytometry. Both
stained and unstained samples were prepared. The cells are stained with an antibody cocktail
containing antibodies against; CD38, CD23 and IgD. Stained cells were incubated in the dark
and on ice for 20 minutes. The cells were then washed once with 6 mL of 1X PBS + 5 mM
EDTA and centrifuged at 400 g for 10 minutes. The cells were then resuspended in 1 mL of 1X
PBS + 5 mM EDTA. Finally, 6 ul DAPI was added to both stained and unstained tubes for
labelling and filtering out the non-viable cells. For each B cell subtype, 1 mL of RPMI was put
into FACS tubes and cell sorting procedures were performed by FACS Aria Il device by iBG

flow cytometer service unit specialist Dr. Xiaozhou Hu.
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3.6.4. RNA isolation from reactive tonsil B cell subtypes

The RNA isolation from the five reactive tonsil B cell subtypes was obtained by using
Trizol and RNeasy Mini Kit (Qiagen) and only RNeasy Mini kit were used for the other two
samples.

RNA isolation from reactive tonsil B cell subtypes was performed by using both Trizol
(Ambion) and RNeasy Mini Kit (Qiagen Cat No: 74104). Details of RNA isolation procedures
using Trizol and RNeasy Mini Kit are as follows: After FACS sorting, four B cell subtypes
were transferred to eppendorf tubes and centrifuged at 5009 for 5 minutes. The supernatant was
then discarded and cell pellets of each subtype were resuspended with an appropriate amount
of Trizol. 20% by volume chloroform (0.2 ml chloroform to 1 ml Trizol) was added and mixed
and incubated at room temperature for 2-3 minutes. It was then centrifuged at 12,0009 for 15
minutes at 4 © C. After centrifugation, the supernatant containing RNA was transferred to new
1.5 mL tubes. Then 70% of ethanol was added dropwise and stirring for each tube. For further
purification of RNA with RNeasy mini-column, the RNA-ethanol mixture was transferred to
the RNA-mini column and isolation procedures carried out in accordance with the
manufacturer's protocols Thermo Nanodrop 2000 instrument was used to measure the

concentration and purity of the isolated RNA.

RNA isolation from tonsil B cell subsets using only the Qiagen RNeasy Mini kit (Cat
No: 74104) was depicted in Figure 4 and conducted as follows: Cells belonging to four
different B cell subtypes separated by FACS were transferred to 15 ml tubes from flow tubes
and was centrifuged for 10 minutes at 300g. The supernatant was carefully removed with a
serological pipette. Homogenization was achieved in the presence of RLT buffer containing a
highly denaturing guanidine-thiocyanate which immediately deactivates RNases to ensure
purification of intact RNA. Ethanol was added to ensure proper binding conditions and the
samples were then transferred to an RNeasy Mini spin column where the total RNA was washed
efficiently to which the membrane was bound. After washing in RW1 and RPE buffer solutions,
high-quality RNA was eluted in 30 pul of RNase-free water. Elution was performed twice using
different collection tubes to maximize the amount of RNA obtained. The concentration and
purity of the isolated RNA samples were determined spectrophotometrically with the Thermo

Nanodrop 2000 instrument.
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Figure 4: Schematic depiction of the RNA isolation process from B-cell subsets by RNeasy
Mini kit

3.6.5. Quality controls of isolated MCL RNAs (running on TAE gel)

To assess the quality of the isolated RNA, MCL RNAs with high concentrations were
run by gel electrophoresis. Total RNA quality control was carried out as follows: 500 ng of
RNA was run on a 1% agarose TAE (Tris-Acetate-EDTA) gel for 20 minutes, and the 28S and
18S bands were still visible and evaluated under UV light (Figure 5). And it was observed that

the RNA samples tested were of sufficient integrity for sequencing.
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Figure 5: Integrity checks of RNAs isolated from MCL cases (TAE gel images)

3.6.6. Whole Transcriptome Sequencing
Samples with sufficient RNA in terms of quantity and quality were sent to Macrogene
(South Korea) company for the first batch and Novogene (Hong Kong) company for the second

and third cargoes for whole transcriptome sequencing purposes.

Prior to whole transcriptome sequencing library preparation, RNA quantification and
integrity assessments were performed at Macrogene or Novogene companies using the Agilent
2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). Since the samples underwent
routine FFPE treatment the RIN scores, of MCL RNA samples, were estimated - as expected -
as values between 2-3 (data not shown). This observation is similar to the RIN scores observed
in FFPE RNA samples specified in the technical note "Evaluating RNA Quality from FFPE
Samples” from the [llumina next-generation sequencing company

(https://www.illumina.com/documents/products/technotes/technote-expression-analysis-ffpe-

samples.pdf ). In the same technical note, it was stated that FFPE RNA samples should be
evaluated using a different method called DV200. The DV200 method determines the
suitability of samples for WTS by determining the ratio of RNA fragments longer than 200
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bases to total RNA fragments. According to the DVV200 measurements, all FFPE RNA samples
were found to have sufficient quality and quantity of RNA for NGS library formation.

Sequencing of MCL samples (n=10) at Macrogene company was performed using the
Illumina HiSeq platform and the TruSeq Stranded Total RNA with Ribo-Zero kit. Paired-end
readings of 100 base pairs were obtained. For the sequencing at Novogene company, paired-
end readings of 150 base pairs were obtained using the Illumina HiSeq platform. TruSeq
Stranded Total RNA with Ribo-Zero kit was used for all FFPE samples (n=8) and one control
sample, and for two of the control samples NEBNext Ultra Il Directional RNA Library

Preparation Kit for Illumina were used.

Strand information is not preserved for conventional libraries for Illumina RNA-seq in
which the originally transcribed cDNA strand information is lost. Non-stranded libraries
generally perform well in gene quantification, however, crucial information is lost specifically
for anti-sense transcription, which is increasingly gaining importance (Z. Wang, Gerstein, &
Snyder, 2010; Zhong et al., 2011). Nevertheless, stranded library preparation protocols preserve
the strand information which significantly enhances the value of RNA-seq and help improve
accurate identification of the antisense transcripts which is also important for IcRNA detection
(Hou et al., 2015; Levin et al., 2010).

In this study, Truseq stranded total RNA with Ribo-zero Human library preparation kit
(MMumina company) was used during the preparation of FFPE RNAs and a control RNA sample
for sequencing. This Kit is suitable for FFPE samples but is also suitable for simultaneous
sequencing of mMRNAs and small RNAs as well as IncRNAs. First, ribosomal RNA (rRNA)
from total RNA were filtered out in the samples; and then, respectively, RNA cleavage,
complementary DNA (cDNA) formation, adenosine nucleotide insertion to the 3 ’ends of
cDNA, and finally, insertion and sequencing of the adapter sequences into cDNA ends was
performed. The schematic depiction of WTS analysis with TruSeq Stranded Total RNA Kit is

shown in Figure 6.
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Figure 6: TruSeq Stranded Total RNA Kit Library Preparation

Strand information is also preserved for NEBNext Ultra Il Directional RNA Library
Prep Kit which was used for the library preparation of the two control samples. Preparation of
cDNA library steps before next-generation sequencing are respectively as follows: 1) rRNA
elimination in total RNA using the rRNA removal kit; 2) RNA fragmentation and random
priming; 3) First and second-strand cDNA synthesis; 4) End repair of cDNAs and dA-Tailing
(addition of adenine nucleotides); 5) NEBNext adapter ligation; 6) cDNA libraries were

prepared after size selection and PCR enrichment experiments.

The raw data obtained as a result of sequencing in both companies were delivered to our
laboratory in “FASTQ” format.
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3.6.7. Analysis of Differentially Expressed IncRNAs and mRNAs in MCL
Raw data in FASTQ format obtained from sequencing companies were transferred to
Galaxy NGS array analysis platform (https://usegalaxy.org/) and subsequent RNA-seq analyses

were performed at the Galaxy environment. Galaxy is an open access, user-friendly platform
for genomic data analysis (Goecks, Nekrutenko, Taylor, & The Galaxy Team, 2010).

The main steps of identification of differentially expressed IncRNAs (DEIncRNAS) and
MRNA (DEmRNAS) analysis are demonstrated in Figure 7. After the quality check of the raw
data and adaptation into Galaxy environment, splice aware mapping tools were used to align
RNA-seq reads into reference genome and reads were counted in order to estimate the
differentially expressed genes. Ultimately, pathway enrichment analysis was performed to
examine genes involved in signalling pathways or biological processes that may be related to
mantle cell lymphoma.

Quality control of raw
data and adaptation into
the Galaxy environment

Splice aware mapping
reads reference genome
(hg38)

Counting reads

Identification of
differentially expressed
genes

Pathway Analysis of MCL-
related genes

Figure 7: RNA-seq data analysis pipeline
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Quality control of raw data and adaptation into the Galaxy environment

The preliminary quality control (QC) from raw data reads was performed by using
FASTQC tool (Galaxy version 0.72+galaxyl) with default settings (Andrews, 2010). FASTQC
tool creates a read quality report including, per base sequence quality, per sequence quality

scores, sequence duplication levels and more.

The balance between RNA-Seq, sensitivity (number of aligned reads) and specificity
(number of correctly aligned reads) generally are adversely affected when the datasets are
trimmed. Besides, the alignment tools such as Tophat and HISAT2 overcomes poor quality
reads, hence making trimming superfluous (Del Fabbro, Scalabrin, Morgante, & Giorgi, 2013).
Therefore, after quality control step, trimming of our raw data RNA-seq reads were not
performed.

FASTQ Groomer (Galaxy Version 1.1.1) tool is used to verify the FASTQ format and
adaptation of raw reads into the Galaxy environment (Blankenberg et al., 2010).

Infer Experiment (Galaxy version 2.6.4.1) module of RSeQC tool was used to
confirm the strand specificity orientation of the RNA-seq data. The bam file of HISAT2 was
used as input, and “hg38 RefSeq.bed.gz” file (https://www.ncbi.nlm.nih.gov/refseq/) was used

as reference gene model.

Mapping reads to a reference genome

After raw data upload and grooming steps, RNA-seq reads were mapped to the reference
genome (UCSC GRCh38 / hg38) using two different splice aware mapping tool HISAT2 (Kim,
Langmead, & Salzberg, 2015).

After grooming step, RNA-seq reads were aligned to the most current human reference
genome (UCSC GRCh38 / hg38) using HISAT2 (Galaxy Version 2.1.0+galaxy4), a software
package capable of rapid alignment to the reference genome. HISATZ2 is a fast and effective
splice alignment tool which uses the Burrows-Wheeler transform (BWT) and the Ferragina-
Manzini (FM) indexing scheme (Kim et al., 2015). The following parameters were used when

running HISAT2: Select a reference genome: hg38; Is this a single or paired library: paired;
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Specify strand information: Reverse (RF); Output alignment summary in a more machine-
friendly style: True; Print alignment summary to a file: True.

Counting reads

featureCounts (Galaxy Version 1.6.3+galaxy2) tool was used to measure gene
expression in RNA-Seq data from BAM files of mapping output and to generate count matrix
(Liao, Smyth, & Shi, 2014).

For IncRNA annotation, following parameters were used: Specify strand information:
Stranded (Reverse); Gene annotation file: “gencode.v29.long noncoding RNAs.gff3.gz”;
Count fragments instead of reads: Enabled; GFF gene identifier gene_name; Minimum
mapping quality per read; 12.

For mRNA annotation, following parameters were used: Specify strand information:
Stranded (Reverse); Gene annotation file: “gencode.v29.gff3.gz”; Count fragments instead of

reads: Enabled; GFF gene identifier gene_name; Minimum mapping quality per read; 12

Differential expression analysis

DESeq2 (Galaxy Version 2.11.40.2) tool (Love, Huber, & Anders, 2014) was used for
the identification of differentially expressed IncRNAs and mRNAs and visualization of the
results. The input parameters are as follows: 1. Factor level: feature counts files of 18 MCL
samples, 1. Factor level: feature counts files of 3 control samples; Files have header? : Yes;

Output normalized counts table: Yes; Fit type: Parametric.
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3.6.8. Transcript Abundance Estimation with Cufflinks

Gene expressions (transcript abundances) of normal and tumor samples were also
estimated as read counts normalized per kilobase of feature length per million mapped
fragments. After FASTQ groomer step the reads were aligned to the reference genome (UCSC
GRCh38 / hg38) using another splice aware mapping tool Tophat (Galaxy version 2.1.1). Then,
Cufflinks (Galaxy version 2.2.1.2 ) tool was used to estimate the gene expression values as
FPKM (Fragments Per Kilobase Per Million Mapped Fragments) values (Trapnell, Pachter, &
Salzberg, 2009).

The estimated FPKM values were then used for quality control of transcript expression
analysis of whole transcriptome data obtained with RNA-Seq. Pearson correlation analysis of
FPKM values of different housekeeping genes in pairs was performed. Then, housekeeping
genes’ normalized FPKM values of selected transcripts were compared between MCL samples

and control sample.

3.6.9. Cross-validation of selected IncRNA transcripts’ expression by gRT-PCR
IncRNA transcripts which found to be differentially expressed were cross-validated by
SYBR green gRT-PCR assay.

Primer design for selected IncRNAs

Primers were specifically designed for each gene using the IDT PrimerQuest program
(Table 3). Since the short amplicon size more efficient for g-RT-PCR analysis of FFPE-derived
RNAs the length of the primers was designed between 18-25 bp, and the amplicon size was
chosen between 80-90 bp. The primers were synthesized by Sentebiolab Biotech company
(Ankara).
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Table 3: Designed q-RT-PCR Primer List

Gene Forward Sequence Reverse Amplicon Optimized
Name 53— 3) Sequence(3’—5’) Length Working Tm
SNHG5 TGTCTTCAGTGGCAC | CCATTAAATATTCTCCCA | 85bp 54 °C
AGT GATGTTC
MALAT1 | GAGAGATGAGTTGGG | GAGATACCTGTCTGAGGC | 78 bp 54 °C
ATCAAGTG AAAC
ROR1-AS1 | ACTTCCTGGCCTTGGT | CCCAAGAGCTTCGGTTTC | 95 bp 54 °C
TTC c
MAST4- ATGGCCGGCAACTAC | TGTCCACCTTGATTACTC | 90bp 54 °C
AS1 AG TTCTC
FTX GAATGTCCTTGTGAG | TGGTCACTCACATGGATG | 97 bp 54 °C
GCAGTTG ATCTG

Resuspending PCR primers

g-RT-PCR primers were received in a lyophilized state. To be able to decrease the

number of re-freezing and re-thawing of primers, a master stock of 50 uM were prepared and

then diluted to 10 uM working stock. The procedure can be briefly explained as follows: First,

the forward and reverse primer tubes were spun down before opening to ensure that dried pellet

is at the bottom not dislodged, which may happen during shipping. Then, ultrapure water was

added to lyophilized primers to prepare 50 uM stock solution. The added water amount was

determined by simply multiplying the number of nmol of primer in the tube by 10. After that,

10 uM of working stock was prepared by adding 10ul Forward primer, 10ul Reverse primer
and 80ul ddH-O.
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cDNA synthesis

cDNA (complementary DNA) synthesis of extracted RNA from both MCL tumor
samples and B-cell subsets was performed by QuantiTect Reverse Transcription Kit (Qiagen,
Cat no: 205311). This kit is composed of two main steps: gDNA (genomic DNA) elimination
and reverse transcription (RT). cDNA synthesis procedure can be summarized as follows:
Firstly, gDNA elimination reaction components were prepared according to Table 4. Next, 14
ul mix, incubated for 2 min at 42°C, then placed immediately on ice. Then, the reverse-
transcription master mix was prepared on ice according to Table 5. The reverse-transcription
master mix contains all components required for first-strand cDNA synthesis except template
RNA. The RT master mix comprises all the components necessary for the synthesis of the first
stranded cDNA, except for template RNA. After that, 6 ul of RT master mix is added to the
first mix (14 ul). Lastly, the volume of reaction (20 ul) was incubated for 30 minutes at 42°C
and then, for 3 minutes at 95°C. The final cDNA concentration was between 30-40 ng among

samples.

Table 4: Genomic DNA elimination reaction components

Component VVolume/Reaction
gDNA Wipeout Buffer, 7x | 2 pl

Template RNA Variable (up to 1 pg*)
RNase-Free Water Variable

Total Volume 14 ul

Table 5: Reverse-Transcription Master Mix Componets

Component Volume/Reaction
Quantiscript Reverse Transcriptase | 1 pl
Quantiscript RT Buffer, 5x 4 ul
RT Primer Mix 1 ul
Total Volume 6 ul

After completion of the reactions, all samples were diluted 1:10 with molecular grade

water and stored in -20 °C for future use in the q-RT-PCR assay.
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Optimization of primers with gradient PCR

Before the assay set of gene expressions were analyzed, optimization of parameters such
as cODNA amount, primer amount, annealing temperatures was performed with designed primer
pairs. The optimum primer annealing temperature was determined with gradient PCR. 2 ul of
CDNA (1:10 diluted) was used to amplify primer mix (forward and reverse), the thermal cycler
protocol is shown in Table 6. After PCR, 10 ul of the sample was run in 1.7% Agarose gel for
20-30 min.

Table 6: Thermal cycler protocol

94°C 20 sec
54-56-58-60-62-64 | 20 sec 35
°C cycle
72 °C 20 sec

Quantitative Real-Time PCR (g-RT-PCR)

The g-RT-PCR analysis was conducted by using Maxima SYBR Green qPCR mix
(Thermo Fisher Scientific, Waltham, MA, USA) according to manufacturer’s recommendations
—depicted in Table 7. gPCR reactions were conducted by using the LightCycler 480 11 (Roche

Applied Science, Mannheim, Germany), the cycling program is demonstrated at Table 8.

Table 7: gPCR reaction components

Component 20 pL reaction
2X master mix 10 uL

Primer mix (in H20) 1 ul

cDNA 9 ul
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Table 8: gPCR cycling program

Program Cycle Temperature Time
Pre-incubation 1 95 °C 5min
Amplification 45 95 °C 10 sec

54 °C 10 sec

72 °C 10 sec
Melting Curve 1 95 °C 5 sec

65 °C 1 min

97 °C Continuous
Cooling 1 40 °C 30 sec

gRT-PCR data analysis was performed using the reference Ct method using two
reference genes (Rao et al., 2013). Statistical significance was tested between two groups by
student's two-tailed t-test and 3 techniques were used for each case.

3.6.10. Pathway analysis of MCL-related genes

Pathway analysis was conducted to examine whether the most DEmRNA genes are
involved in signalling pathways or biological processes that may be related to mantle cell
lymphoma. Enrichr tool was used for acquiring significantly enriched Gene Ontology (GO)
terms, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways and Reactome analysis
using the differentially expressed upregulated and downregulated mRNAS, separately.
(Kuleshov et al., 2016) (Croft et al., 2014).

3.6.11. Survival Analysis

To investigate the relationship between irregularly expressed INcRNAs and mRNAs and
patient prognosis survival analysis was conducted. The IncRNAs showing different levels of
expression between MCL patients and normal B cell subset groups were evaluated in the light
of the clinical course of MCL patients. First of all, the ROC (Receiver Operating Characteristic)
analysis was conducted to determine the diagnostic value of selected DEIncRNAs and
DEmRNAs. Afterwards, Kaplan-Meier survival graphs were generated to determine the
prognostic value of IncRNAs. Kaplan-Meier graphs are known to be good estimators of

censored data, e.g. patients who do not have a follow-up clinical data (Efron, 1988). Overall
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survival (the time period between the diagnosis and death of the patient) demonstrated in
Kaplan-Meier graphs using Graphpad Prism 8 (GraphPad Software, Inc, San Diego, CA).

3.7. Study Plan and Calendar

Collection Whole Cross
and RNA Transcriptome validation of
isolation of Sequencing of upregulated
MCL tumor MCL tumor and IncRNAs
FFPE normal RNA with g-RT-
sections samples PCR

Obtaining Bioinformatics Survival
control analysis of Analysis/Investigs
tonsil WTS samples ating the relation

samples, between IncRNA
FACS and MCL
sorting prognosis

and RNA

1solation

3.8. Data Evaluation

Prognostic value of IncRNAs was evaluated by generating Kaplan-Meier survival
graphs using Graphpad Prism 8 (GraphPad Software, Inc, San Diego, CA). For differential
expression analysis log2 fold change >2 and FDR (False Discovery Rate) < 0.01 was considered
as cut off of significantly differentially expressed genes. And P-value of less than 0.05 was

considered to be statistically significant.
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3.9. Limitations of the Study

The main goal of this study was the determination of dysregulated IncRNAs in MCL
disease by RNA-seq method and investigation of the prognostic value of highly dysregulated
IncRNAs in disease pathogenesis. To do so, 18 FFPE MCL tumor sections were compared with
three control samples (2 naive B cells and 1 Memory cell). The main limitation of the study
was the low number and low RNA amount of control samples. The nanodrop measurement was
used to measure the quality and concentration of control samples before sending the samples
for whole transcriptome sequencing where the quality of the RNA samples was measured with
Bioanalyzer (Agilent Technologies) device. Unfortunately, the Bioanalyzer results showed a
dramatical change in RNA concentration and most of the control samples sent for sequencing
could not pass the library preparation step with Illumina Truseq Stranded Kit. As a solution,
four Naive B cell samples were merged and treated as one sample and the same was done with
three Memory B-cell samples. Besides, library preparation of these merged samples was
performed by NEBNext Ultra Il RNA Library Prep Kit, being different than the 18 FFPE MCL
samples and 1 Naive B cell library preparation Kit (Illumina Truseq Stranded Total RNA Kkit).

3.10. Ethics Committee Approval

Our study, which was evaluated ethically and approved by the Noninvasive Research
Ethics Board of Dokuz Eylul University School of Medicine; protocol no: 2525-GOA,; decision
no.: 2017/26-31 (Appendix 8.1).
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4. RESULTS
4.1. FACS Analysis of Tonsil B cell Subtypes

Reactive tonsil fresh tissue samples which were used as control samples were obtained
by routine tonsillectomy operations performed in DEU Otorhinolaryngology (ENT) department
and processed promptly. Tonsil cells recovered from half of a pair of tonsils varied substantially
among donors and tonsil cell suspension protocol, ACK lysis method gave a better yield than

Ficoll-Hypaque method, in terms of tonsil cell suspension number.

Immunephotypic staining of mononuclear cells present in tonsils was performed by
antibodies. From each B cell subpopulation, at least 200,000 cells were sorted directly into 1ml
RPMI or 1 ml of 1X PBS solution and cell sorting procedures were performed by FACS Aria
[l device. The sorting strategies can be briefly summarized as follows: Firstly, total
lymphocytes were gated on a forward scatter (FSC) and side scatter (SSC) and DAPI + dead
cells were excluded. Then, IgD+, CD23- Naive B cells were selected from viable cells. and
finally, IgD-, CD38- Memory B cells were selected. Flow cytometry data were analysed using

BD FACSDiva 6.0 and FlowJo software (FlowJo, Ashland, OR, USA) as demonstrated in
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Figure 8: Sorting gates strategies used in multicolor FACS analysis to isolate B-cell subsets.
A) Total lymphocytes were gated on a forward scatter (FSC) and side scatter (SSC) B) DAPI
+ dead cells were excluded. C) IgD+, CD23- Naive B cells were selected from viable cells.
D)Finally, IgD-, CD38-Memory B cells were selected. Flow cytometry data were analysed
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using BD FACSDiva 6.0 and FlowJo software (FlowJo, Ashland, OR, USA). The percentages
of gated populations are indicated above the FACS graph.

4.2. Quality control of raw sequence data
High throughput sequencing instruments produce vast quantities- tens of millions of

sequences- of data in a single run. Before starting the analysing the sequence data and reaching
biological conclusions, it is necessary to assess the quality of the high-throughput sequencing
data obtained from the sequencing instrument (Ewing & Green, 1998; Nakamura et al., 2011).

Quality control (QC) of raw data reads were assessed with the FASTQC (v
0.72+galaxyl) tool. FASTQC tool summarizes the raw sequence data by generating summary
plots and tables to evaluate the quality. The HTML output file maintains the following results:

o Basic Statistics

o Per base sequence quality

e Per sequence quality scores

e Per base sequence content

e Per base GC content

o Per sequence GC content

e Per base N content

e Sequence Length Distribution
e Sequence Duplication Levels
« Overrepresented sequences

¢ Kmer Content

To rank the quality assessment, precious information is obtained from the change in the
Phred value between sequential bases, which eventuality the quality scores of reads will drop
at the 3° end of the reads as a consequence of sequence by synthesis methods of Illumina

sequencing platforms (Ewing & Green, 1998).
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Figure 9: Per base sequence quality of MCL41 sample

Figure 9 demonstrates the Per Base Sequence Quality box-whisker plot which overviews
the range of quality scores all bases for each position in the of MCL41 sample raw data
(FASTQ) file. In this figure, central red line represents the median value, the yellow box
represents the interquartile range (25-75%), blue line represent the mean quality and the upper
and lower whiskers represent the 10% and 90% points. The X-axis shows the position in read
(bp) and the Y-axis show the Phred quality values. Higher the quality score indicates the higher
the base call. The background of the chart divides the y-axis into high-quality searches (green),

reasonable-quality searches (orange), and low-quality searches (red).

Phred quality score (Q) is logarithmically related to the probability of error for each base-
call. It is calculated as Q=—10xlogi0(P) where P is the probability of erroneous base calling.
For example, a Phred quality score of 30 indicates the chance that this base is called incorrectly
is 1in 1,000. Reads with Phred scores lower than 20 generally discarded before further analysis

due to the high rate of error probability (probability of incorrect base call of 1 in 100).
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It is normal for all Illumina sequencers to have a median quality score less than the initial
5-7 bases and then increase. The reading quality on most platforms is reduced at the end of the
reading. This is usually caused by signal decay or phasing during sequencing (Ewing & Green,
1998; Li, Nair, Wang, & Wang, 2015; Mbandi, Hesse, Rees, & Christoffels, 2014; Nakamura
etal., 2011).

4.3. Confirming the strand specificity orientation of the RNA-seq data

Infer Experiment (Galaxy version 2.6.4.1) module of RSeQC tool was used to
confirm the strand specificity orientation of the RNA-seq data. The bam file of HISAT2 was
used as input and “hg38 RefSeq.bed.gz” file (https://www.ncbi.nIm.nih.gov/refseq/) was used

as reference gene model.

Below results confirmed that RNA-seq reads are strand-specific and in FR First-Strand
(RF) setting. Strandness of read2 is consistent with that of the gene model, while strandness of

readl is opposite to the strand of the reference gene model.

This is PairEnd Data

Fraction of reads failed to determine: 0.0087

Fraction of reads explained by "1++,1--,2+-,2-+": 0.0184
Fraction of reads explained by "1+-,1-+,2++,2--": 0.9729

4.4. Read mapping and Quality Control

Quality control of HISAT2-aligned reads using MultiQC tool (Galaxy Version 1.7)
(Ewels, Magnusson, Lundin, & Kaller, 2016). Alignment rate for each one of the RNA-seq
reads against the human genome (hg38) is demonstrated in Figure 10 with the number of reads

among samples (Figure 10A) and percentages of reads among samples (Figure 10B).
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Figure 10: MultiQC results of HISAT2 alignment scores. A) The number of reads among

samples. B) Percentages of read

s among samples.
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4.5. ldentification of differentially expressed IncRNAs in MCL cases

Whole transcriptome sequencing was used to identify the differentially expressed
INcRNAs (DEINncRNAS) in 18 MCL cases compared to 3 control samples (2 Naive B cells and
1 memory B cells). DESeq2 tool was used for the expression level comparisons of genes and
transcripts.

Significantly differentially expressed genes identified upon meeting the following
criteria: 1) P value < 0.05; 2) P-adjusted value (False Discovery Rate(FDR)) < 0.01; 3) absolute
log2 fold change [abs(log2FC)] >2 for up and down regulation.

A total of 1149 significantly DEIncRNAs was detected from all samples with 322 of
upregulated and 827 of IncRNAs downregulated.

Table 8 shows the top 20 upregulated IncRNAs ( FDR < 0.05; log2FC > 2) and Table 9 show
the top 20 downregulated IncRNAs ( FDR < 0.05; log2FC < 2) according to DESeq2 results
file.

Table 9: The top 20 upregulated DEIncCRNAs in MCL

Gene name Type of Gene log2 Fold Change  P-value FDR
AC010983.1 INcCRNA 9.768525416 8.25E-15 1.04E-12
AC090125.1 INcRNA 9.084380078 6.48E-15 8.66E-13
NR2F2-AS1 INcRNA 7.910221056 2.19E-12 1.63E-10
LINC01268 INcRNA 7.44237927 5.98E-12 3.99E-10
AC108025.2 INcRNA 7.104103613 1.94E-09 6.32E-08
LINCO01197 INcRNA 6.885281384 1.23E-09 4.26E-08
PWRN?2 INcRNA 6.756151163 1.18E-08 3.15E-07
MAST4-IT1 INcRNA 6.743395037 1.06E-14 1.32E-12
LINCO01515 INcRNA 6.65649692 1.33E-07 2.59E-06
CARMN INcRNA 6.627087331 1.11E-18 4.91E-16
MAGI1-IT1 INcRNA 6.419210477 2.55E-08 6.14E-07
MAGI2-AS3 INcRNA 6.289161794 1.51E-13 1.55E-11
LINCO01105 INcRNA 6.279407413 2.59E-05 0.000244949
AC016251.1 INcRNA 6.213545989 5.69E-08 1.23E-06
ADAMTS9-AS2 INcRNA 5.987194047 1.49E-07 2.85E-06
DNM30S INcRNA 5.962427457 1.05E-10 4.81E-09
DANT?2 INcRNA 5.838617184 8.11E-06 8.99E-05
MIR100HG INcRNA 5.838306989 1.38E-19 7.52E-17
FENDRR INcRNA 5.101933439 3.24E-05 0.000297485
LIFR-AS1 INcCRNA 5.028761872 7.33E-06 8.29E-05

*FDR: False Discovery Rate
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Table 10: The top 20 downregulated DEIncCRNAs in MCL

Gene name  Type of Gene log2 Fold Change P-value FDR

AF111167.1 INcRNA -8.924144823 2.27E-27 5.36E-24
AC011446.2 INcRNA -8.871619307 9.74E-18 3.28E-15
AC044849.1 INcRNA -8.315720702 3.07E-39  2.17E-35
AC093484.3 INcRNA -8.129432151 2.12E-15 3.19E-13
AL160408.2 INcRNA -8.114371042 1.63E-07 3.06E-06
AC005944.1 INcRNA -7.810052903 1.58E-05 0.00016
AC026202.3 INcRNA -7.570155821 6.34E-13  5.61E-11
AC004528.2 INcRNA -7.529753343 5.53E-10 2.07E-08
AP001046.1 INcRNA -7.40074677 7.29E-15 9.38E-13
AC002401.1 INcRNA -7.31567243 1.83E-11 1.04E-09
DDIT4-AS1 INcRNA -7.26343141 2.14E-05 0.000208
PRMT5-AS1 INcRNA -7.223460781 2.88E-17 8.16E-15
783844.2 INcRNA -7.209709138 2.03E-15 3.13E-13
AC124014.1 IncRNA -6.948216472 2.06E-11  1.16E-09
AL031846.2 INcRNA -6.871443422 1.39E-10 6.12E-09
CTBP1-AS INcRNA -6.675919813 6.53E-13  5.70E-11
AC006441.3 INcRNA -6.650412015 4.69E-09 1.38E-07
LINCO01783 INcRNA -6.639387545 2.83E-11  1.55E-09
AL031600.3 INcRNA -6.634888661 0.000337432 0.00211
AC008894.2 INcRNA -6.615218275 1.15E-12  9.34E-11

*FDR: False Discovery Rate

Besides the gene list and normalized count matrix of genes, DESeq2 analysis gives a
graphical summary of the results, that includes the following plots which are used for the quality

assessment of the experiment

Heatmap of the sample-to-sample distances of IncRNA annotated MCL and control samples

A beneficial initial step in a WTS analysis is often to evaluate the overall similarity
within samples. This similarity evaluation is very useful for assessing the experimental design
of samples. For instance, does tumor samples and control samples different to each other
according to sample distance matrix? Hence, heatmap of distance matrix was drawn to visualize

the sample-to-sample distances which outline the similarities and dissimilarities between
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samples (Figure 11). According to this heatmap, IncRNA annotated MCL samples were

clustered closer together and control samples cluster distantly from them as expected.
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Figure 11: Heatmap of sample-to-sample distances of INcRNA annotated MCL and control
samples (Darker blue colors indicate more similarity)

PCA plot of IncRNA annotated MCL and control samples

PCA (Principal component analysis) plot is another way of visualizing the sample-to-
sample distances which demonstrated the separation between group 1 (MCL_IncRNA) and
group 1 (Control_IncRNA). PCA plots are useful for assessing the overall effect of batch effects
and experimental covarities between samples. The samples are reflected in the 2D plane and
spread in two directions that explain most of the differences (Figure 12). PC1 is indicated in
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the x-axis and indicates the direction which separates the samples the most, and PC2 in the y-
axis indicates the dimension which separates the data second-most. According to the PCA plot
at Figure 12 MCL samples cluster together and control samples cluster together and these two
groups cluster distantly from each other as expected. With the exception of MCL35 samples

which acted as an outlier.

MCL16 MCL48
MCL44

group
Control_IncRNA

=40 -
® MCL_IncRNA

PC2: 24% variance

-80 -

-60 -40 -20 0
PC1: 33% variance

Figure 12: PCA plot of IncRNA annotated MCL and control samples

MA-Plot of IncRNA annotated MCL and control samples

MA plot (also known as Bland-Altman plot or mean-difference plot) is often used for
visualization of differences between measurements taken in two samples by transforming the
data onto log scale. “M” on the y-axis indicates the log ratio (expression change) and “A” on
the x-axis indicates the mean average scales (Figure 13). The red points in the MA-plot
indicates the genes with adjusted P-value (FDR) < 0.1. In general, differentially expressed

genes have a high fold change and highly expressed.
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Figure 13: MA-plot of IncRNA annotated MCL and control samples

4.6. ldentification of differentially expressed mRNAs

Similar strategy was followed for the identification of differentially expressed mRNASs
(DEmMRNAS) in 18 MCL cases compared to 3 control samples (2 Naive B cells and 1 memory
B cells). DEmMRNAs were considered significant upon meeting the following criteria: 1) P
value < 0.05; 2) P-adjusted value (False Discovery Rate-FDR) < 0.01; 3) absolute log2 fold
change [abs(log2FC)] >2 for up and down regulation. Following this criteria, a total of 4275
significantly DEmRNAs was detected from all samples with 2924 of upregulated and 1351 of

downregulated.

Table 10 shows the most dysregulated DE mRNA genes in MCL patients samples compared
to control samples (P <0.05; FDR < 0.01; log2FC > 2) according to DESeq? results file.
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Table 11: The most dysregulated DEmMRNAs in MCL

Gene name  Type of Gene log2 Fold Change P-value FDR Status
CCND1 MRNA 5.469476521 4.63E-57 4.28E-53 Up
NFIB mRNA 8.327682654 2.01E-35 2.66E-32 Up
SOX11 mRNA 9.615993663 1.43E-34 1.65E-31 Up
IGFBP3 mRNA 7.508334178 9.39E-29 5.92E-26 Up
CXCL12 MRNA 8.63266257 1.35E-27 7.47E-25 Up
IL33 mRNA 8.082458817 2.66E-21 5.96E-19 Up
NR2F2 MRNA 9.004711294 2.43E-20 4.87E-18 Up
MXRAS5 MRNA 7.772030495 1.60E-18 2.34E-16 Up
SVEP1 mRNA 8.880366904 4.25E-18 5.72E-16 Up
FZD4 MRNA 7.194490502 3.49E-17 3.87E-15 Up
IGLV3-21 MRNA -5.817536917 5.53E-16 4.81E-14 Down
XKR4 MRNA 8.071985624 1.32E-15 1.03E-13 Up
PREX2 MRNA 8.750312673 3.33E-15 2.41E-13 Up
ADGRF5 mMRNA 8.987382286 3.99E-15 2.81E-13 Up
CDH5 MRNA 8.913347395 6.39E-15 4.24E-13 Up
SLC22A3 mMRNA 9.035012161 6.68E-15 4.41E-13 Up
ART4 mMRNA 8.574188871 8.08E-15 5.21E-13 Up
NOVAl mMRNA 7.208182531 1.02E-14 6.46E-13 Up
CACNA2D1 mMRNA 8.459159275 3.31E-14 1091E-12 Up
ROBO2 mMRNA 8.270324935 7.54E-14 4.09E-12 Up
IL21R mMRNA -2.856446009 7.88E-13 3.58E-11 Down
MYOCD mMRNA 8.135622626 1.40E-11 4.75E-10 Up
ZACN mMRNA -6.31073628 2.00E-10 5.07E-09 Down
ARHGAPG6 mMRNA 4.181197227 1.59E-09 3.32E-08 Up
RAB33A mMRNA -3.557515433 7.89E-09 1.37E-07 Down
SLAMF1 mMRNA -3.189312354 4.04E-08 5.88E-07 Down
CD8B2 mMRNA -4.583483566 1.03E-06 1.02E-05 Down
BCAR3 mMRNA -2.055567443 5.69E-06 4.59E-05 Down
CCDC173 mMRNA -4.641615253 5.32E-05 0.0003217 Down
IL24 mMRNA -4.72752451 0.000887 0.0036811 Down

Besides the gene list and normalized count matrix of genes, DESeq2 analysis gives a
graphical summary of the results, that includes the following plots which are used for the quality

assessment of the experiment.
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Heatmap of the sample-to-sample distances based on mRNA expression

Heatmap of distance matrix was drawn to visualize the sample-to-sample distances
which outline the similarities and dissimilarities between samples (Figure 14). According to

this heatmap, MCL samples were clustered closer together and control samples cluster distantly

from them as expected.
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PCA plot of MCL and control samples based on mRNA expression

PCA plot below (Figure 15) demonstrates the sample-to-sample distances group 1
(MCL) and group 2 (Control) with 64% variance of group 1. According to the PCA plot at MCL
samples cluster together and control samples cluster together and these two groups cluster
distantly from each other as expected. Similar to the IncRNA PCA plot, “MCL35” sample acted

as an outlier.
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Figure 15:PCA plot of MCL and control samples

MA-Plot based on mRNA expression

MA plot below demonstrates the relationship between expression change (M) and
average expression strength (A) of samples (Figure 16). The red points in the MA-plot indicate
the genes with adjusted P-value (FDR) < 0.1. In general, differentially expressed genes have a

high fold change and highly expressed.
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Figure 16: MA-plot of MCL and control samples

4.7. Quality control of transcript expression analysis of whole transcriptome data
obtained with RNA-Seq

FPKM values obtained from whole transcriptome sequence analyzes using Cufflinks
computational bioinformatics workflow in the context of normalization. However, for co-
analysis of different RNA-Seq samples, additional normalization methods between samples are
required. One of these methods is normalization, taking into account the expression of the
housekeeping gene or genes. When the amounts of RNA are equal, the housekeeping gene
expression of different samples is considered unchanged. Because all MCL cases underwent
formalin fixation and paraffin embedding (FFPE), the quality of isolated total RNAs was
inherently lower. As a result of whole transcriptome data analyzes, housekeeping gene FPKM

data were lower in MCL cases compared to naive B cell FPFKM data. Pearson correlation
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analysis of different housekeeping gene FPKM values in pairs showed that housekeeping gene
expressions had high positive correlation among themselves (data not shown).

The Pearson correlation (R) values of RPL13A, GAPDH, RPS13, and HPRT1
housekeeping genes were 0.99, 0.98, 0.98, and 0.85 in a total of 19 WTS samples (18 MCL and
1 NBC), respectively. In order to compare FFPE MCL cases with NBC sample separated from
FACS by reactive tonsil tissue, Cufflinks results were examined and housekeeping gene

normalization results were added.

RNA-Seq mRNA expression of CCND1 and SOX11 genes characterizing MCL tumors

The quality control of transcript expression analysis of whole transcriptome data
obtained with RNA-Seq was performed by identifying the expressions of CCND1 and SOX11
proto-oncogenes in MCL cases compared to B cells. The fact that the immunoglobulin heavy
chain (IGH) enhancer comes closer to the CCND1 gene, leading to high expression of this gene
is a genetic aberration that characterizes mantle cell lymphoma (MCL) tumors (Menke et al.,
2017).

When Cufflinks FPKM data were examined, it was observed that CCND1 gene was
expressed more in MCL cases than naive B cells (Figure 17A). When levels of CCND1 FPKM
transcript were normalized to RPS13 or GAPDH housekeeping gene expressions for each
sample, it was also observed that the CCND1 gene was upregulated in MCL cases as expected
(Figure 17B, 17C). In terms of high expression in MCL tumor tissues, the most important gene
after CCND1 is the SOX11 gene. SOX11 oncogene is not expressed in normal B cells but
upregulated in MCL cases.When FPKM values of SOX11 mRNA were examined, SOX11
MRNA was upregulated in MCL cases compared to NBC sample, as for CCND1 (Figure 17D-
F).
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Figure 17: RNA-Seq expression of CCND1 and SOX11 transcripts in MCL cases. CCND1
and SOX11 mRNAs in 18 MCL cases were compared with levels of FPKM (A, D), RPS13
(B, E) or GAPDH (C, F) in normalized naive B cell and plotted as a box whisker plot.

RNA-seq analysis of dysregularly expressed MALAT1 and SNHG5 IncRNAs in MCL tumors

There are few reports of irregularly expressed IncRNAs in MCL cases. In one of these
publications, although there were large differences in expression between samples, it was
observed that expression of MALAT1 IncRNA was higher than that in normal B cells (X. Wang
et al., 2016). When we analyzed whole the transcriptome sequence analysis FPKM data, we did
not observe a significant increase in MALATL1 IncRNA expression in MCL cases (Figure 18A).
However, when we normalized MALAT1 levels to RPS13 or GAPDH levels, it was observed
that MALAT1 was higher than reactive tonsil naive B cells (Figure 18B, 18C). SNHG5
InNcRNA was observed to suppress MY C oncoprotein expression in MCL cell lines. However,
a study that analyzes SNHG5 expression in MCL patient tumor samples has not yet been
reported (Hu, Zhang, & Gupta, 2019). When we examined the whole transcriptome sequence
Cufflinks FPKM values, we observed that the expression of SNHG5 IncRNA decreased
significantly in MCL cases compared to the NBC sample (Figure 18D). In all cases (n=19)
SOX11 FPKM values were higher in MCL cases compared to NBC samples when normalized
to RPS13 or GAPDH housekeeping gene FPKM values (Figure 18E, 18F).
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Figure 18: RNA-Seq expression of MALAT1 and SNHG5 IncRNAs in MCL cases.Boxes were
plotted against the levels of MALAT1 and SNHG5 IncRNAs in 18 MCL cases in the
normalized naive B cell FPKM (A, D), RPS13 (B, E) or GAPDH (C, F).

4.8. Cross-validation of selected INcCRNA transcripts’ expression by gRT-PCR

Next, quantitative PCR analysis was performed to validate the WTS results for the
selected differentially expressed INCRNA transcripts. As a result of the gradient PCR
optimization of the annealing temperatures (54 ° C-64 ° C) of the primer pairs, qQRT-PCR
procedures were started by using the MALAT1 and SNHG5 qRT-PCR primer pairs.RPS13

housekeeping gene was used for the expression normalization.
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The primer pair RPS13-gRT-PCR produces 77 bp amplicon. The RPS13 primers were
designed to span through sequential exons to perform cDNA amplification only. The cDNA
amplification of the gRT-PCR assay of 18 MCL samples with WTS data analyzed from reactive
tonsil tissues, memory B cells and naive B cells of three different cases were performed on the
LightCyler 480 gPCR instrument (Roche company) with Maxima SYBR Green gPCR Master
Mix (ThermoFisher Scientific company).

SNHG5 and MALAT1 IncRNA expression for each sample was normalized to RPS13
housekeeping gene expression. SNHG5 and MALAT1 expressions in MCL cases were
calculated as relative fold change compared to naive B cell or memory B cell. The 2-AACT
method was used for the quantification of relative expression of INcRNAs. Besides, the melting
curve (dissociation curve) analysis was performed for the evaluation of the specificity of g°PCR

amplification.

According to WTS data analysis results, SNHG5 IncRNA with decreased expression in
MCL cases was subjected to cross-validation by quantitative reverse transcriptase PCR (qRT-
PCR). As a result of these analyzes, as in WTS data (Figure 19A, 19B), gRT-PCR experiments
showed that the SNHGS transcript values were lower in MCL cases compared to levels in naive
B cells (Figure 19C, 19D). Similarly, SNHG5 levels in MCL cases were lower than those in
memory B cells (Figure 19E). SNHG5 FPKM values were also low in MCL cases when
normalized by RPS13 and GAPDH housekeeping gene transcripts (Figure 19E, F). These
results suggest that SNHG5 may be a tumor suppressor InNCRNA related to MCL development.
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Figure 19: Comparison of SNHG5 expression levels in MCL cases by RNA-Seq and gRT-PCR

methods. In 18 MCL cases and a naive B cell (NBC) sample, SNHGS5 transcript levels

determined by whole transcriptome sequencing are shown as box-whisker plot (A) and bar
graph (B). Box-whisker plot (C, E) and bar graphs (D) of SNGH5 expressions determined by

gRT-PCR in memory B cell samples as well as the same samples.

According to q-RT-PCR results MALAT1 transcript values were higher in MCL cases

compared to levels in naive B cells expect MCL 16 sample (Figure 20). However, this increase

is not significant.
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Figure 20: Relative MALATL1 expression in MCL samples (n=18) compared to control

samples (n=3)

4.9. Pathway analysis of MCL-related genes

Pathway analysis was conducted to examine whether the most DEmRNA genes are
involved in signalling pathways or biological processes that may be related to mantle cell
lymphoma. Enrichr tool was used for acquiring significantly enriched GO terms KEGG
pathways and Reactome analysis using the differentially expressed upregulated and
downregulated mRNA, separately (Kuleshov et al., 2016) (Croft et al., 2014).

Firstly, as input for GO enrichment and KEGG pathway analysis the top 150
significantly upregulated DEmRNASs were used. Figure 21 depicts the top 10 significantly
enriched pathways ranked by p-value, through KEGG analysis. The length of the bar represents
the significance of that specific term. In addition, the brighter the color, the more significant
that term is. In the KEGG pathway analysis, upregulated DEMRNAS are found to be mostly
enriched in “PI3K-Akt signaling pathway” (hsa04151), “Pathways in cancer” (hsa05200) which
are known to be related with mantle cell lymphoma and cancer disease itself, respectively (Yu

et al., 2018). The other two most significantly enriched pathways were related to cell motility:
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“Focal adhesion” (hsa04510) and “ECM-receptor interaction” (hsa04512) which might play a

role in cancer cell invasion and metastasis.

KEGG Pathway Analysis
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Figure 21: KEGG Pathway analysis of upregulated differentially expressed mRNAs in MCL
The brighter the color of the bar, the more significant that term is (p < 0.01).

GO analysis with respect to biological process, the most enriched GO terms of
upregulated differentially expressed mMRNAs were associated with extracellular matrix (ECM)
organization and angiogenesis (Figure 22A). For, molecular function integrin binding and the
collagen binding were the most enriched GO terms (Figure 22B). As for the cellular
component, most of the upregulated MRNAs revealed to be associated with the extracellular
part. (Figure 22C).
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Figure 22: Gene Ontology analysis of upregulated differentially expressed mRNAs with the

nuclear perip!

most enriched GO term associated with the biological process (A), molecular function (B), and
cellular component (C). The brighter the color of the bar, the more significant that term is (p <
0.01).

Pathway analysis of downregulated DEmMRNAS

Furthermore, the top 120 significantly downregulated DEmMRNAS were used as input
for GO enrichment and KEGG pathway analysis. Figure 23 depicts the top 10 significantly
enriched pathways ranked by p-value, through Reactome annotations. The length of the bar
represents the significance of that specific term. In addition, the brighter the color, the more
significant that term is. In the KEGG pathway analysis, downregulated DEmRNAs are found
to be mostly enriched in “Senescence-Associated Secretory Phenotype”, “DNA Damage-

Telomere Stress Induced Senescence” and “HDACs deacetylase histones” pathways.

GO analysis with respect to biological process, the most enriched GO terms of
downregulated differentially expressed mRNAs were associated with complement activation,
classical pathway and humoral immune responses mediated with circulating immunoglobins
(Figure 24A). For, molecular function serine-type endopeptidase activity and transcriptional
repressor activity were the most enriched GO terms (Figure 24B). As for the cellular
component, most of the upregulated mRNAs revealed to be associated with nuclear chromatin

(Figure 24C).
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Figure 23: Reactome pathway analysis of downregulated differentially expressed mRNAS in
MCL The brighter the color of the bar, the more significant that term is (p < 0.01).
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Figure 24: Gene Ontology analysis of downregulated differentially expressed mRNAs with
the most enriched GO term associated with the biological process (A), molecular function (B),
and cellular component (C). The brighter the color of the bar, the more significant that term is

Only the grey bars indicate p values greater than 0.05.
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4.10. ROC and Survival Analysis

To investigate the relationship between irregularly expressed IncRNAs and mRNAs
with patient prognosis, survival analysis was performed. At first, the diagnostic value of
selected DEIncRNAs and DEmMRNAs were determined by ROC (Receiver Operating
Characteristic) analysis using the FPKM normalized count data of 15 MCL patients.

Four of the top upregulated DEIncRNAs (AC010983.1, LINC01268, PWRNZ2,
MAGI1-1T1) which were first shown at Table 8 were chosen and Graphpad Prism 8 (GraphPad
Software, Inc, San Diego, CA) was used to conduct ROC analysis. ROC curves of AC010983.1,
LINC01268, PWRN2, MAGI1-IT1IncRNAs are depicted in Figure 25. Moreover, the

specificity and sensitivity values and other important values are summarized in Table 11.
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Figure 25: ROC Curves of AC010983.1 (A), LINC01268 (B), PWRN2 (C), MAGI1-IT1 (D)
InNcRNAs (AUC: area under the ROC curve)
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Table 12: Details of the ROC Curve Analysis of Upregulated DEINCRNAs

IncRNA AUC  Cut-off Sensitivity Specificity 95% ClI P-value
ACO10983.1 o33z >08616  86.67% 009 o000 50209
: FPKM
>0.07311
LINC01268 0.9778 93.33%  100%  0.9129-1.000  0.0109
FPKM
>0.01922
PWRN2 09667 ~ 2004 ., 08842101000 00129
MAGIL-IT1 09667 > 0:09455 0.8842t0 1.000 0.0129

FPKM 93.33% 100%

Abbreviations: AUC: Area under curve; Cl: Confidence Interval

Similarly, we also examined the diagnostic value of the three of the upregulated MRNAs
(SOX11, EZH2 and 1L33) by ROC analysis with again using the FPKM normalized data and
by using the Graphpad Prism 8 (GraphPad Software, Inc, San Diego, CA). ROC curves of
SOX11, EZH2 and IL33 mRNAs are depicted in Figure 26. and the important values of the

analysis are depicted in Table 12.
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Figure 26: ROC curves of SOX11(A), EZH2 (B), and IL33 (C) mRNAs (AUC: area under the

ROC curve)

Table 13: Details of the ROC Curve Analysis of Upregulated DEmRNAS

MRNA AUC Cut-off Sensitivity Specificity

95% CI P-value

100%

0.9111 <1.952

EZH2

73.33% 100%

0.7648 to 1.000

0.0284

0.9556 > 0.3080

L33

93.33% 100%

0.85791t0 1.000 0.0152

Abbreviations: AUC: Area under curve; Cl

: Confidence Interval
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Next, AUC (Area Under Curve), Sensitivity and Specificity of the ROC curves were

examined. Based on the calculated cut-off value selected differentially expressed InCRNAs

and/or mRNAs were divided into low and high expressed groups. And the prognostic value of

the Kaplan—Meier analysis was used to estimate survival curves by Graphpad Prism 8

(GraphPad Software, Inc, San Diego, CA). Figure 27 demonstrates the overall survival curves
of AC010983.1 (Figure 27A) LINC01268 (Figure 27B) PWRN2 (Figure 27C) MAGI1-IT1
(Figure 27D) IncRNAs. Overall survival curves of SOX11(Figure 28A), EZH2 (Figure 28B),
and IL33 (Figure 28C) mRNAs are depicted in Figure 28. The estimated Log-rank (Mantel-

Cox) test p values are depicted on the graphs.
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Figure 27: Kaplan Meier graphs of AC010983.1 (A) LINC01268 (B) PWRN2 (C) MAGI1-
IT1 (D) IncRNAs
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Figure 28: Kaplan Meier graphs of SOX11(A), EZH2 (B), and I1L33 (C) mRNAs
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5. DISCUSSION

Mantle cell lymphoma (MCL) is a B-cell non-Hodgkin's lymphoma (NHL) which is
considered as an incurable lymphoid neoplasm with a continuous relapse pattern and a median
survival of only 3-5 years (Jares et al., 2007; Swerdlow et al., 2016). Therefore, there is an
urgent need to elucidate the MCL disease pathobiology and identification of novel biomarkers
and therapeutic target to optimize the treatment and improve the prognosis of MCL patients
(Ahmed et al., 2016). Long noncoding RNAs (IncRNAs) have been shown to involve the
development of many cancers and some of them are used as novel biomarkers (Huarte, 2015).
However, there are very few reports of INCRNAs that are related to the MCL pathogenesis and
prognosis. In this study, we aimed to identify IncRNAs that have the potential to be novel
diagnostic, prognostic biomarkers or therapeutic targets in MCL through whole-transcriptome

sequencing.

The primary oncogenic event and also the genetic hallmark of MCL is the chromosomal
translocation which causes juxtaposition of CCND1 (also known as BCL1), a cell cycle gene
at chromosome 11q13 and IgH chain gene at chromosome 11g13. This reciprocal translocation,
t(11;14)(g13;932), is present in more than 90% of the MCL cases and, and leads to constitutive
expression of CCND1 gene which is not expressed in normal B cells (Jares et al., 2007;
Rosenwald et al., 2003). Our RNA-seq results confirm CCND1 mRNA upregulation in MCL

cases compared to naive B cell sample.

In terms of high expression in MCL tumor tissues, the most important gene after
CCNDL1 in the SOX11 gene. SOX11 oncogene is not expressed in normal B cells but
upregulated in conventional (cMCL) cases. cMCL is the most common subtype of MCL which
follows an aggressive clinical course and generally represent epigenetically naive B cell-like
signature (Fernandez et al., 2010; Vegliante et al., 2013). When FPKM values of SOX11
MRNA were examined, SOX11 mRNA was upregulated in MCL cases compared to control
sample, as for CCNDL.

70



There are few reports of irregularly expressed IncRNAs in MCL cases. In one of these
publications, although there were large differences in expression between samples, it was
observed that expression of MALAT1 IncRNA was higher than that in normal B cells (X. Wang
et al., 2016). When we analyzed whole the transcriptome sequence analysis FPKM data, we did
not observe a significant increase in MALATL1 IncRNA expression in MCL cases. However,
when we normalize MALAT1 levels to RPS13 or GAPDH levels, it was observed that
MALAT1 was higher than reactive tonsil naive B cells. SNHG5 IncRNA was observed to
suppress MY C oncoprotein expression in MCL cell lines (Hu et al., 2019). However, a study
that analyzes SNHG5 expression in MCL patient tumor samples has not yet been reported.
When we examined the whole transcriptome sequence Cufflinks FPKM values, we observed
that the expression of SNHG5 IncRNA decreased significantly in MCL cases compared to the
NBC sample.

In the KEGG pathway analysis, downregulated DEMRNAs are found to be mostly
enriched in “Senescence-Associated Secretory Phenotype”, “DNA Damage-Telore Stress
Induced Senescence” and “HDACSs deacetylase histones” pathways. GO analysis with respect
to biological process, the most enriched GO terms of downregulated differentially expressed
MRNAs were associated with complement activation, classical pathway and humoral immune
responses mediated with circulating immunoglobins which might suggest a relation with tumors

avoiding immune destruction.

Among the top upregulated DEIncRNAs, AC010983.1, LINC01268, PWRN2, MAGI1-
IT1 IncRNAs were chosen to conduct ROC. The top differentially upregulated INcRNA was
AC010983.1which previously did not associate with any type of cancer. However, LINC01268
InNcRNA was related to glioma malignancy (Matjasic, Popovic, Matos, & Glavac, 2017). Huang
et al showed that Prader-Willi region non-protein-coding RNA 2 (PWRN2) was up-regulated
in the patients with polycystic ovary syndrome (Huang, Hao, Bao, Wang, & Dai, 2016).
MAGI1-1T1 IncRNA promoted the invasion and metastasis of epithelial ovarian cancer (Gao
et al., 2019). ROC is a probability curve and AUC represents the degree or measure of
separability. It tells how much model is capable of distinguishing between classes. Then, we
evaluated the area under curve (AUC) value which represents degree or measure of separability

and found a high separation value (more than 0.9) for all selected transcripts.
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Similarly, we also examined the diagnostic value of the three of the upregulated mRNAs
(SOX11, EZH2 and 1L33) by ROC analysis. SOX11 and EZH2 association with MCL were
already well-founded in the literature (Queirds et al., 2016; X. Wang et al., 2016). However,
there is not yet a study that shows the relation of interleukin 33 (IL33) gene with MCL. Besides,
the pro-tumorigenic effect of IL33 gene with many types of cancers was shown including
colorectal cancer (Cui et al., 2018), hepatocellular carcinoma (P. Zhang et al., 2012) and glioma
(J. Zhang, Wang, Ji, Ding, & Lu, 2017). AUC values found to be high. Based on the calculated
cut-off value selected differentially expressed INcRNAs and/or mRNAs were divided into low
and high expressed groups. And the prognostic value of the Kaplan—Meier analysis was used
to estimate survival curves. Despite a high diagnostic test value, and disposition of
overexpressed transcripts with inferior survival the estimated Log-rank (Mantel-Cox) test of
selected transcripts were not significant (P > 0.05) which might be explained by the low sample
number (n=15).

In summary, our present study showed the potent value of significantly differentially
expressed INcCRNAs and mRNAs on MCL patient prognosis. With an increase of sample
number and further functional analysis may shed light on the prognostic, diagnostic and

therapeutic biomarker potential of IncRNAs in MCL.
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6. CONCLUSION AND FUTURE ASPECTS

As a conclusion, we identified a total of 1149 significantly DEIncRNAs of which 322
of IncRNAs upregulated and 827 of IncRNAs downregulated in MCL. Among DEmRNAs 2924
of mMRNAs upregulated and 1351 of mMRNAs downregulated. GO and KEGG analysis indicated
that upregulated mRNAs were mainly involved in angiogenesis and pathways in cancer. We
analyzed the SNHG5 expression in MCL patient tumor samples which has not yet been
reported, before. We examined the diagnostic value of differentially expressed AC010983.1,
LINC01268, PWRN2, MAGI1-IT1 IncRNAs and SOX11, EZH2 and IL33 mRNAs. Despite a
high AUC value of selected transcripts, according to the log-rank test of Kaplan Meier curves,
P-value was not significant ( P > 0.05). However, our present study showed the potential value
of significantly differentially expressed IncRNAs and mRNAs on MCL patient prognosis.
Therefore, we suggest that the prognostic, diagnostic and therapeutic values of selected
differentially expressed transcripts should be further investigated with functional assays and

also improved in silico analysis.
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