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ABSTRACT 

 

DETERMINATION OF THERAPEUTIC POTENTIAL OF LUTEOLIN 
FOR ACUTE LYMPHOBLASTIC LEUKEMIA CELLS  

 
 Acute lymphoblastic leukemia (ALL) is a hematologic malignancy characterized 

by increased level of immature lymphoblasts in bone marrow and peripheral blood. The 

developments of lymphoblasts are genetically/epigenetically inhibited. One of the most 

common genetic abnormalities in ALL is BCR/ABL translocation which regulates the 

several pathways related to proliferation, anti-apoptotic and drug resistance through its 

aberrant tyrosine kinase activity. Although the current treatment strategies include 

targeting BCR/ABL via tyrosine kinase inhibitors; complete remission, overall survival 

and mortality of Ph+ ALL patients are still worse as compared to Ph- ALL patients. 

Therefore, new strategies combined with current treatments are needed for Ph+ ALL 

patients who are qualified as high risk group of ALL. Different studies showed 

thatluteolin has anti-cancer and anti-tumor effects on wide range cancer types including 

breast, colon, lung cancer except ALL in both in vitro and in vivo. 

 In this study, the dose and time dependent cytotoxic, apoptotic and cytostatic 

effects of luteolin on Philadelphia chromosome +ALL cells were determined for the 

first time. Besides, the effect of luteolin on cell growth and proliferation of two different 

healthy cell lines was shown. Moreover, the effect of luteolin on bioactive sphingolipids 

genes which regulate the several pathways including cell proliferation, apoptosis, drug 

resistance and senescence in cell was determined in Ph positive ALL cells for the first 

time. As a consequence, luteolin has cytotoxic, apoptotic and cytostatic effects on Ph 

positive ALL cells and bioactive sphingolipids genes are regulated in this therapeutic 

potential by luteolin. 
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ÖZET 
 

AKUT LENFOBLASTİK LÖSEMİ (ALL) HÜCRELERİNDE 
LUTEOLİNİN TERAPÖTİK POTANSİYELİNİN BELİRLENMESİ  

 
 Akut lenfobalstik Lösemi (ALL) kemik iliğinde ve periferal kanda erken 

evredeki gelişimi genetik/epigenetik faktörlerle inhibe olmuş ve olgunlaşmamış 

lenfoblasthücrelerinin artışı ile karakterize malign bir hematolojik kanserdir. ALL’de 

karşımıza çıkan yaygın genetik anomalilerden biriPhiladelphia kromozomu olarak 

adlandırılan BCR/ABL translokasyonudur. BCR/ABL aşırı tirozinkinaz anlatımına 

sahip olup, kanserli hücrelerde hücre çoğalması, anti-apoptoz, metastaz ve ilaç 

dirençliliğiyleilişkili birçok yolağı aktive etmektedir. Günümüzde klasik kemoterapiye 

ek olarak BCR/ABL’i hedef alan, BCR/ABL’intirozinkinaz aktivitesini bastırmak veya 

inhibe etmek üzere tirozinkinaz inhibitörleri kullanılmaktadır. Yine de Ph kromozomu 

taşımayan ALL hastaları ile kıyaslandığında Ph kromozomu pozitif ALL hastalarında 

tam remisyon sağlanamamaktadır. Bu nedenle tedaviye yönelik yeni stratejilerin 

geliştirilmesi oldukça önem arz etmektedir. Yapılan birçok in vitro ve in 

vivoçalışmadabir flavonoid olan luteolinin meme, akciğer, kolon gibi birçok farklı 

kanser türlerinde anti- kanser ve anti-tümör etkiye sahip olduğu gösterilmiş olup ALL 

üzerindeki etkisi gösterilmemiştir. 

 Bu çalışmada, luteolininzamana ve doza bağımlı sitotoksik, apoptotik ve 

sitostatik etkileri Ph kromozomu pozitif ALL hücreleriiçinterapötikpotansiyeli ilk defa 

belirlenmiş olup, luteolinin hücre büyümesi ve çoğalması üzerine etkisi iki farklı 

sağlıklı hücre hatlarında da gösterilmiştir.Bunun yanı sıraluteolininhücre çoğalması, 

apoptoz, ilaç dirençliliği, yaşlanma gibi birçok metabolizmada rol alan 

biyoaktifsfingolipid genleri üzerine etkisi de Ph pozitif ALL hücrelerinde ilk defa 

çalışmamızla gösterilmiştir. Sonuç olarak, elde edilen bulgular luteolininPh pozitif ALL 

hücreleri üzerinde sitotoksik, apoptotik ve sitostatik etkileri olduğunu, bununla birlikte 

luteolinin bu terapötik potansiyeldebiyoaktifsphingolipid genlerini de regüle ettiğini 

gösterilmiştir. 
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CHAPTER 1 
 

 

INTRODUCTION 
 

 

 Cancer is one of the most common diseases resulting in death in nowadays in all 

age, sexes and countries. In 2017, cancer has been reported as the second leading cause 

of death not only in the world but also in Turkey (Roser, 2019). Based on the data from 

World Health Organization (WHO), 18.078.957 new cases were estimated with 

9.555.027 deaths caused by different cancer types in all around the world in 2018 while 

210.537 new cases were estimated with 116.710 deaths in several cancer types for both 

sexes in Turkey in 2018 (Bray et al., 2018; Ferlay et al., 2018; Organization, 2019). 

 Besides, the incidence rate of cancer in males higher than females in the World 

and cancer mostly observed in Asia with high mortality rate. Likewise other cancer 

types, leukemia is mostly observed in Asia with high mortality and the incidence rate of 

leukemia in males is higher than in females (Bray et al., 2018; Ferlay et al., 2018; 

Organization, 2019).  

According to American Cancer Society, 61.780 new leukemia cases with 22.840 

deaths were estimated at the United States in 2019 (Siegel, Miller, & Jemal, 2019; 

Society, 2019). Moreover, 25.860 new leukemia cases with 9.690 deaths are expected in 

females while 35.920 new leukemia cases with 13,150 deaths in males were estimated 

(Siegel et al., 2019).  

 Based on the data from World Health Organization (WHO), the new cases rate 

of leukemia is 3.09% with 6.029 leukemia cases while the deaths rate of patients with 

leukemia is 4.31% with 4.681 deaths in Turkey in 2018. Leukemia is mostly observed 

in males with 8.5% as compared to females (Bray et al., 2018; Ferlay et al., 2018; 

Organization, 2019). 

 According to American Cancer Society, approximately 5.930 of new cases of 

Acute Lymphoblastic Leukemia (ALL) were estimated with approximately 1.500 

deaths. Additionally, the numbers of new ALL cases are expected in females and males 

are 2.650 and 3.280, respectively, while the numbers of estimated deaths in females and 

males are 650 and 850, respectively, at the United States in 2019 (Siegel et al., 2019; 

Society, 2019).   
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1.1. Acute Lymphoblastic Leukemia (ALL) 
 

  
 Acute Lymphoblastic Leukemia (ALL) is a heterogeneous malign hematological 

cancer characterized by aberrant number of immature lymphoblast in bone marrow, 

peripheral blood and other organs (Malouf & Ottersbach, 2018; X. Thomas & Heiblig, 

2016). The early development of lymphoblast precursor cells is blocked by genetic 

and/or epigenetic alterations such as chromosomal rearrangements, cooperative 

mutations, and aneuploidy during the hematopoiesis that is also result in the suppression 

of production of other normal blood cells and failure of normal immune response 

(Malouf & Ottersbach, 2018; Pui, Relling, & Downing, 2004; X. Thomas & Heiblig, 

2016).  

 Amount of increased lymphoblast was determined as more than 30% in bone 

marrow or peripheral blood results in ALL according to French-American-British 

(FAB) Cooperative Group classification (Bennett et al., 1976, 1985; Lai, Hirsch-

Ginsberg, & Bueso-Ramos, 2000). However, WHO Classification of Neoplastic 

Diseases of Hematopoietic and Lymphoid Tissues or Lymphomas proposed if number 

of lymphoblast is above 20%, it is sufficient for diagnosis (Harris et al., 1999; Lai et al., 

2000). Moreover, 2008 WHO classification determines the current standards for ALL 

diagnosis combined with cell morphology, genetics/cytogenetics and immunophenotype 

studies (Vardiman et al., 2009).  

 According to WHO classification, ALL is grouped under different categories but 

mainly divided B- and T-lineage lymphoblastic leukemia based on the morphology, 

cytochemistry, immunophenotype, cytogenetic/genetic, genomics and chromosomal 

differences (Campo et al., 2011; Chiaretti, Zini, & Bassan, 2014; Lai et al., 2000) and 

B-lineage lymphoblastic leukemia is more seen type of ALL with 85% (Chiaretti et al., 

2014).  

 Determination of genetic and/or epigenetic alterations in patients is a crucial step 

for treatment of B-ALL. The abnormalities affect the treatment progress, response of 

patients to treatment and efficiency of therapeutic drugs in both children and adults. For 

instance, trisomies (trisomy 4, 10 and 21), changes in chromosome numbers 

(hypodiploidy or hyperdiploidy), or chromosomal translocations such as t(4;11) 

MLLAF4, t(12;21) ETV6-RUNX1, t(1;19) E2A-PBX1 and t(9;22) BCR-ABL1 are 

genetic determinants of B-ALL (Malouf & Ottersbach, 2018). The case reports 
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indicated that the translocations t(4;11), t(1;19) and t(9;22) are related poor prognosis 

and leukemogenesis whereas patients who respond to treatment mostly have 

translocation t(12;21) (Rieder et al., 1996).  

 Besides, based on the translocation t(9;22) or transcriptional profile, there are 

three main types of B-cell ALL: Philadelphia chromosome positive B-lineage ALL (P. 

Nowell, 1960; P. C. Nowell, 2007), Philadelphia chromosome-like B-lineage ALL (Den 

Boer et al., 2009; Mullighan et al., 2009), Philadelphia chromosome negative B-lineage 

ALL. Ph-like ALL has similar transcriptional profile with Philadelphia chromosome 

positive ALL, although there is no (9;22) translocation occurs (Den Boer et al., 2009; 

Mullighan et al., 2009).  

 Whether presence of Philadelphia chromosome (Ph) or alterations in gene 

expressions related to Ph result in different outcome in the treatment strategies: 

i. To treat the Philadelphia chromosome positive B-cell ALL, tyrosine kinase 

inhibitors such as imatinib, dasatinib, nilotinib and ponatinib are used 

(Malagola, Papayannidis, & Baccarani, 2016), 

ii. To treat the Philadelphia chromosome-like B-cell ALL, a tyrosine kinase 

inhibitor dasatinib, JAK2 inhibitor ruxolitinib, blinatumomab and inotuzumab 

are used (Chiaretti, Messina, & Foa, 2019; Tasian, Loh, & Hunger, 2017), 

iii. To treat the Philadelphia chromosome negative B-cell ALL in older adults, 

rituximab, ofatumumab, inotuzumab and blinatumumab are used (O'Dwyer & 

Liesveld, 2017),  

in addition to classical chemotherapy or hematopoietic stem cell transplantation. 

 Several case reports have been showed that the importance of indication of 

genetic and/or epigenetic alterations in ALL patients due to that the mutations can 

change the treatment process. For instance, a recent study discovered a novel point 

mutation in BCR-ABL1 in a Ph+ ALL patient who had been treated with dasatinib 140 

mg/day in addition to pediatric-inspired regimen.  

 Although the complete remission had achieved on day 29 of therapy, minimal 

residual disease or measurable residual disease (MRD) was detected in the patient. 

MRD which is a term of remained cancer cells in bone marrow that cause relapse after 

complete remission (Giebel et al., 2010) is used as a prognostic indicator in the 

treatment (Bassan et al., 2019). 

 Furthermore, they analyzed the bone marrow samples to find out mutations 

related to TKI resistance before allogeneic bone marrow transplantation. The novel 



4 
 

mutation was detected in ABL1 domain of the fusion transcript. Then they changed the 

TKI regimen to bosutinib in post-induction therapy and BCR-ABL1 levels decreased 

compared to dasatinib regimen. However, the patient died because of acute graft vs host 

disease complications at the end of the treatment (Vinhas et al., 2018).  

  

 

1.1.1. Philadelphia Chromosome Positive ALL (Ph+ ALL) 
 

 

 One of the most frequent chromosomal abnormalities in ALL, the Philadelphia 

chromosome (Ph) was defined at the first time in 1960 in a chronic myeloid leukemia 

patient (P. Nowell, 1960; P. C. Nowell, 2007). A reciprocal translocation occurs 

between BCR gene located on chromosome 9 and ABL1 gene located on chromosome 

22 and chromosome 22 named as Philadelphia chromosome which contains BCR-ABL 

fusion gene (Bartram et al., 1983; Rowley, 1973). The transcript of BCR-ABL gene, 

BCR-ABL fusion protein has aberrant tyrosine kinase activity that changes signaling 

pathways related to cell proliferation, cell cycle and cell death of leukemic cells 

(Kurzrock, Gutterman, & Talpaz, 1988; S. Li, Ilaria, Million, Daley, & Van Etten, 

1999) (Figure 1.1). 

 Although Philadelphia chromosome known as a hallmark of chronic myeloid 

leukemia due to that 95% of chronic myeloid leukemia patients have Ph (Z. J. Kang et 

al., 2016), ALL patients also experience a considerable amount of Ph. The incidence 

rate of Ph+ ALL in children is 2-5% while BCR-ABL presence in adolescents and 

adults with approximately 20% and 20-30%, respectively (Burmeister et al., 2008; 

Pullarkat, Slovak, Kopecky, Forman, & Appelbaum, 2008; Schultz et al., 2007). 

Besides, the incidence of presence of BCR-ABL is increasing with aging and the 

percentage of incidence rate of BCR-ABL is 50 in patients who 60 years old or more 

(Larson, 2006; D. A. Thomas, 2007).  

 De novo translocation of Ph chromosome observed dominantly while secondary 

Ph+ ALL after chemotherapy or radiation therapy have been experienced unfrequently 

in ALL patients (X. Thomas & Heiblig, 2016). Except a few observations in T-ALL, Ph 

chromosome is diagnosed widely in B-ALL patients (Mancini et al., 2005; Moorman et 

al., 2007; Stock, 2008). 
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Figure 1.1. Philadelphia chromosome. This figure represents that reciprocal 
translocation occurs between BCR gene located on chromosome 22 and 
ABL gene located on chromosome 9. As a consequence of the 
translocation, BCR-ABL fusion protein which has aberrant tyrosine kinase 
activity is formed. Tyrosine kinase inhibitors generally use in addition to 
chemotherapy to prevent binding of ATP to BCR-ABL. Thus, cell 
proliferation of leukemic cells can be suppressed or inhibited.  

. 

 

1.1.2. Molecular Biology of BCR/ABL 
 

 

 Philadelphia chromosome is characterized by the reciprocal translocation 

between Breakpoint cluster region (BCR) gene located on long arm of chromosome 22 

and proto-oncogene Abelson tyrosine kinase 1 (ABL1) gene located on long arm of 

chromosome 9 that leads to BCR-ABL1 fusion gene on chromosome 22 (Bartram et al., 

1983; Rowley, 1973). As a consequence of head-to-tail fusion of the different 

breakpoints in 5′of the BCR gene with the sequences in upstream of the ABL1 gene 

which encodes tyrosine kinase, three different transcripts of BCR-ABL occur: p190, 

p210 and p230 (Fainstein et al., 1987; Groffen et al., 1984; Saglio et al., 1990). 

Although the breakpoints locations of BCR and ABL gene are various (Score et al., 

2010), the recombination generally occurs between intron 1, intron 13/14, or exon 19 of 

BCR and 140-kb region between exons 1b and 2 of ABL1 (Figure 1.2a). 

 The fusion between exon13 of BCR and exon2 of ABL gene results in major 8.5-

kilobase (kb) BCR-ABL1 transcript (M-BCR, also known as b2a2 and b3a2) which 
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referred to as p210BCR-ABL1 and these transcripts comprise a hybrid 210 kDa protein.7.5-

kilobase (kb) transcript, p190BCR-ABL1 (e1a2) known as the minor BCR-ABL1 transcript 

(m-BCR) while p230BCR-ABL1 (e19a2) named as macro BCR-ABL1 transcript (μ-BCR) 

and the transcripts encode hybrid 190-kDa and 230-kDa proteins, respectively (S. Li et 

al., 1999). However, all fusion proteins consist the different portion of BCR sequence at 

the NH2 terminus, they contain same portion of ABL tyrosine kinase at the COOH 

terminus. These different types of BCR/ABL oncogene result in different lymphoid 

leukemogenic activity whereas similar CML-like syndrome was observed in mice (S. Li 

et al., 1999). Even if the transcripts produce distinct proteins, their common feature is 

their aberrant kinase activity comparing the wild-type ABL1 and they related to 

prognosis differently in both CML and ALL (Z. J. Kang et al., 2016). 

 p190BCR-ABL transcript mostly observed in childhood and adult Ph+ALL with 

approximately 85% and 50-70% rate, respectively (Gleissner et al., 2002; Pane et al., 

2002; Rieder et al., 1996) and it increases the risk of relepse. Conversely, p210BCR-ABL 

transcript also observed in pediatric and adult Ph+ ALL patients with 15-20% and 30-

50% rate, respectively while almost all CML patients have this transcript (Melo, 1996; 

Okamoto et al., 1997; Pane et al., 2002; Rieder et al., 1996; Westbrook et al., 1992). 

Besides, p230BCR/ABL transcript is mostly seen in neutrophilic leukemia patients (Chan 

et al., 1987). In addition, BCR-ABL1 variant e3a2 (exon 3 of BCR and exon 2 of ABL) 

is similar to p190BCR-ABL transcript also seen in some cases (Soekarman et al., 1990).   

 As a consequence of BCR/ABL translocation, BCR/ABL protein comprises the 

distinct domains from both BCR and ABL. N-terminal coiled-coil domain (CC; aa 1-

63), a Ser/Thr kinase domain (phosphorylated tyrosine 177, Y177) contain a region for 

binding of adaptor protein growth factor receptor-bound protein 2 (GRB2) and ras 

homolog gene family/Guanine nucleotide exchange factors (Rho/GEF) kinase domain 

(amino acids 298–413) in BCR (Fielding et al., 2009; He et al., 2002; Maru & Witte, 

1991)get together thesrc homology (SH) domains (SH1/SH2), a proline-rich domain, 

and DNA- and actin-binding domains of ABL (Z. J. Kang et al., 2016) (Figure 1.2b). 

 The N-terminal coiled-coil domain (CC) and Ser/Thr kinase domain (Y177) of 

BCR have critical role in the activation of ABL1 kinase (Pendergast, Gishizky, Havlik, 

& Witte, 1993; Zhang, Subrahmanyam, Wong, Gross, & Ren, 2001). For this reason 

imatinib which is the first generation tyrosine kinase inhibitor (TKI) targets the CC 

domain to reduce the BCR/ABL kinase activity through disrupting its tetramerization 

(Beissert et al., 2008; Preyer, Vigneri, & Wang, 2011). 
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Figure 1.2. The translocation partners of Philadelphia chromosome: The breakpoint 

cluster region (BCR)-proto-oncogene tyrosine-protein kinase (ABL1) gene 
and protein. This figure was adapted from (Z. J. Kang et al., 2016). 

 

 

 On the other hand, Y177 is crucial for the leukemic cell proliferation, survival 

and progenitor expansion in CML. Mutation in GRB2-binding site of Y177 disallow the  

CML-like disease in p210BCR-ABL1 as well as augments the imatinib sensitivity through 

inhibition of RAS and protein kinase B (PKB, also named AKT) activity (Chu, Li, 

Singh, & Bhatia, 2007). According to these results the prevention of tetramerization of 

BCR/ABL and targeting Y177 probably make a contribution to overcome imatinib 

resistance (Z. J. Kang et al., 2016). 

 Normally, ABL1 protein is found in low level during myeloid maturation in 

hematopoietic development whereas the autophosphorylation of activation loop through 

adenosine triphosphate (ATP) in SH1 domain acts as a switch between the inactive and 

active kinase structure (Dorey et al., 2001). When the SH2 domain blocks ABL1 

activation the conformation named as “closed” while SH2 induces ABL1 activity 

through regulation of SH1 domain at C-terminus is “open” formation (W. Xu, Harrison, 

& Eck, 1997). Imatinib competitively bind the autophosphorylation site to prevent the 

binding of ATP and blocking the downstream BCR/ABL signaling pathways (Schindler 

et al., 2000). 
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1.1.3. Signaling Pathways in BCR/ABL Positive ALL 
 

 

 Aberrant tyrosine kinase activity of BCR/ABL fusion gene activates the 

signaling pathways that promote the cell proliferation, inhibits differentiation and cell 

death (Z. J. Kang et al., 2016; Sattler & Griffin, 2003) (Figure 1.3) 

 One of those pathways is JAK/STAT pathways. The activation of Janus kinase 

(JAK) 1-3 and also signal transducers and activation of transcription (STAT)1,3,5 and 6 

are regulated by BCR/ABL in both CML and ALL (Frank & Varticovski, 1996; Ilaria & 

Van Etten, 1996). BCR/ABL1 kinase directly promotes the JAK2/STAT pathways 

which involve in cell growth and survival in CML while JAK1-3 activation requires an 

interaction between BCR/ABL and cytokine receptors (Tao, Lin, Sun, Samanta, & 

Arlinghaus, 2008; Warsch, Walz, & Sexl, 2013). JAK2 phosphorylates tyrosine 177 in 

Ser/Thr kinase domain of BCR/ABL and promotes the stability of BCR/ABL. On the 

other hand, inhibition of JAK2 does not affect on BCR/ABL although the 

phosphorylated Y177 is decreased (Samanta et al., 2011). Furthermore, JAK2 induces 

expression of oncogene c-Myc which has crucial role in BCR/ABL transformation 

(Sawyers, 1993; Xie, Lin, Sun, & Arlinghaus, 2002). The survivin which is a 

downstream gene of c-Mycalso is activated by JAK2/phosphatidylinositol 3-kinase 

(PI3K) signaling pathway (Fang et al., 2009). In addition, JAK2 induces the 

phosphorylation of STAT5 (p-STAT5) which is crucial for survival, growth and cell 

cycle process of both CML and lymphoid leukemic cells (Hoelbl et al., 2010).  

 Another important partner of STAT pathways, p-STAT3 was found as high level 

in imatinib resistant CML patients (Sayed, Badrawy, Gaber, & Khalaf, 2014)The 

STAT3 is regulated by BCR/ABL through phosphorylation of JAK1/2 and mitogen-

activated protein kinase kinase (MEK) (Sayed et al., 2014). All together, JAK2 

regulates the BCR/ABL stability as well as its oncogenic activity (Hoelbl et al., 2010). 

 Another signaling pathway regulated by BCR/ABL is the PI3K-AKT-

mammalian target of rapamycin (mTOR) pathway and its downstream cascade in both 

Ph+ CML and ALL. The cells escape from cell cycle arrest through BCR/ABL 

independency of PI3K-AKT-mTOR pathway (Keeshan, Cotter, & McKenna, 2003). 

PI3K/mTOR contributes the BCR/ABL leukemogenesis and cell proliferation in mice 

with pre-B-ALL as well as PI3K and mTOR involves TKI resistance (Okabe et al., 

2014). This studies performed by using dual inhibitor for both PI3K and mTOR, as a 
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consequence of the findings PI3K-AKT-mTOR pathway have a role in leukemogenesis 

by BCR-ABL1 and the PI3K inhibitors investigated for clinic(Barrett, Brown, Grupp, & 

Teachey, 2012). Unfortunately, clinical studies showed that the PI3K inhibitors are not 

useful for treatment strategies (Caino et al., 2015). 

 

 
 

Figure 1.3. The pathways which are regulated by BCR/ABL are related to cell survival, 
cell proliferation, cell cycle, cell differentiation, and apoptosis. This figure 
was taken from (Z. J. Kang et al., 2016). 

 

 

 The activation of RAS/RAF/MEK/extracellular signal-regulated kinases (ERK) 

are regulated by BCR/ABL pathway cause uncontrolled proliferation Ph-positive CML 

and ALL (A. Jin et al., 2006; Mizuchi et al., 2005). The proliferative signals are 

promoted by RAS signaling which is activated by phosphorylation GRB2/GRB2-

associated binding protein 2 (GAB2) at Y177 (Mandanas et al., 1993). Although the 

disruption of RAS signaling diminishes development of disease in CML, B-ALL 

development still become (Baum & Ren, 2008)This suggest that RAS signaling 

pathways can be target for CML pathogenesis in contrast to ALL. 

 BCR/ABL downregulates the Tumor necrosis factor (TNF)-related apoptosis-

inducing ligand-TNFSF10 (TRAIL) which is a death receptor ligand in controlled cell 

death (Kuroda et al., 2013; Zhao et al., 1999). The imatinib treatment induces TRAIL-

induced apoptosis suppress growth and inhibits cancer cell proliferation (Nimmanapalli 

et al., 2019; S. J. Park, Kim, Kim, Kang, & Kim, 2009; Raimondo et al., 2015). 
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1.1.4. Current Therapies in Ph + ALL Treatment 
 

 

 The treatment of Ph positive ALL patients contain combination of tyrosine 

kinase inhibitors and hyper-CVAD (hyper-fractionated cyclophosphamide, vincristine, 

doxorubicin, and dexamethasone [CVAD]) and stem cell transplantation to completely 

cure the patients (O. G. Ottmann & Pfeifer, 2009).  

 The wide range studies demonstrated that before the development of BCR-ABL 

tyrosine kinase inhibitors (pre-tyrosine kinase inhibitor era), the event-free survival 

(EFS) and 5- year overall survival (OS) rates of Ph+ ALL patients who treated with 

chemotherapy alone were significantly worse compared to Ph- patients even if Ph+ 

ALL patients ensured complete remission (CR) and Ph+ ALL are qualified as high risk 

group of ALL (Annino et al., 2002; Dombret et al., 2002; Gleissner et al., 2002; 

Moorman et al., 2007; Rieder et al., 1996; Rowe et al., 2005; Secker-Walker et al., 

1997; X. Thomas et al., 1998; Westbrook et al., 1992). Moreover, the allogeneic 

hematopoietic cell transplantation (allo- HCT) was known as the best option for 

treatment of Ph+ ALL patients (Horowitz, Akasha, & Rowe, 2018). According to 

UKALLXII/ECOG 2993 study, patients who cured with allo-HCT showed 

considerately longer relapse-free survival (RFS) compared to patients treated with 

chemotherapy only(Fielding et al., 2009).Besides, the patients come up against some 

challenges such as age, lack of donor, other diseases. 

 Since developed tyrosine kinase inhibitors, the landscape of treatment changed. 

As a result of combination of the chemotherapy with the TKI, complete remission rate 

of newly diagnosed Ph positive ALL patients and their 3 years survival rate increased to 

95% and 55% respectively (Yanada, Ohno, & Naoe, 2009). 

 

 

1.1.4.1. Tyrosine Kinase Inhibitors 
  

  

 Tyrosine kinase inhibitors (TKI) have been developed to completely treat the 

Ph+ CML and ALL patients through targeting the BCR/ABL due to that the BCR/ABL 

is a main regulator molecule of disease prognosis.  
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 Imatinib mesylate (Gleevec/Glivec; Novartis, Basel, Switzerland) is the first 

generation TKI is approved by Food and Drug Administration (FDA) in 2001 (Ribera, 

2018). Constitutive activation of BCR/ABL protein forms when the adenosine 

triphosphate (ATP) binds to its binding domain. Imatinib competitively inhibits the 

activation of BCR/ABL protein by specifically binding of the ATP binding domain of 

BCR/ABL that is also result in inhibition of phosphorylation of BCR/ABL related 

pathways. In addition to inhibition of tyrosine kinase activity of BCR/ABL, imatinib 

also inhibits the c-kit and PDGFR tyrosine kinases (Druker et al., 2001).Although the 

combination of imatinib and classical chemotherapy show improve outcomes, patients 

can develop the resistance. The imatinib resistance may because of the mutations occur 

in ABL kinase domain including the gatekeeper mutations T3151 or F317L (Azam, 

Latek, & Daley, 2003), P-loop or activating loop mutations (N. P. Shah et al., 2002). 

After some of the patients who treated with imatinib did not response the treatment in 

first-lane therapy and developed the imatinib resistance, second and third generation 

TKIs was developed.  

 Dasatinib (Sprycel) which is a second generation TKI was approved by FDA in 

2006 (Ribera, 2018). Dasatinib can bind both inactive and active form of BCR/ABL 

(Luo et al., 2006; O'Hare et al., 2005; Talpaz et al., 2006). It has been shown that 

dasatinib also inhibits other kinases such as SRC, c-KIT, ephrin A receptor kinases and 

PDGFRβ (O'Hare et al., 2005).  

 Another second generation TKI is nilotinib (Tasigna®; Novartis 

Pharmaceuticals, NJ, USA) which is an aminopyrimidine imatinib derivative was 

approved by FDA in 2007. Nilotinib also inhibits the c-KIT and PDGFR in addition to 

BCR/ABL inhibition (Saglio et al., 2010). Nilotinib competitively binds to inactive 

ABL kinase domain just as imatinib, but with high affinity (Bradeen et al., 2006). 

 Both dasatinib and nilotinib are more effective TKI than imatinib as 300 fold 

and 30-50 fold, respectively and they can overcome the nearly all mutations in 

BCR/ABL except the mutation threonine to isoleucine in codon 315 (T315I) (Bradeen 

et al., 2006; Daver et al., 2015; Luo et al., 2006; O'Hare et al., 2005; O. Ottmann et al., 

2007; Saglio et al., 2010; Talpaz et al., 2006). 

 Ponatinib also known third generation tyrosine kinase inhibitor targets the T315I 

mutation was approved in 2016 (Ribera, 2018). Ponatinib is a pan-TKI just as dasatinib 

not only target BCR/ABL also inhibits the activity of other kinases including SRC, KIT 

(mast/stem-cell growth factor receptor), FLT3, RET (rearranged during transfection), 
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vascular endothelial growth factor receptor and as fibroblast growth factor receptor 

(Zhou et al., 2011). 

 Wide range studies demonstrated that the combination tyrosine kinase inhibitors 

and hyper-CVAD chemotherapy show good complete remission, overall survival and 

relapse free survival rates in newly diagnosed Ph+ ALL patients (Benjamini et al., 2014; 

Daver et al., 2015; Jabbour et al., 2015; Ravandi et al., 2010). 

 Although using TKIs in addition to classical chemotherapy is currently the most 

successful targeting treatment option for Ph chromosome positive leukemia, new 

strategies following genetic/epigenetic analysis are necessary for the patients who can 

develop resistance to TKIs or suffer from relapse.  

 

 

1.1.4.2. Monoclonal Antibodies and Immunotherapy 
 

 

 Due to the fact that the chemotherapy regimens have some conflicts such as side 

effects, unsuccessful complete remissions, relapse or only cure some patient, new 

treatment strategies especially targeted therapies were needed. In addition to tyrosine 

kinase inhibitors which target BCR/ABL mutation, based on the surface markers of 

cancer cells antibody-based and cell-based strategies are developed and opened 

breakthrough new era for the treatment in recent years. For ALL treatment, antibody-

based therapies involves the monoclonal antibodies such as rituximab, epratuzumab, 

alemtuzumab; the bi-specific T-cell engaging (BiTE®) antibody blinatumomab; and 

antibody-drug conjugate such as immunoconjugate inotuzumab ozogamicin antibodies 

while cell-based strategies include chimeric antigen receptor (CAR) T cells (Phelan & 

Advani, 2018; Portell & Advani, 2014).  

 The strategies based on the cell surface antigens of B-lymphoblast cells such as 

CD19, CD20, CD22 (Phelan & Advani, 2018; Wyatt & Bram, 2019).Antibody-based 

therapies target the tumor-specific antigens. Thus, the cancer cells and non-cancer cells 

are relatively separated (Wyatt & Bram, 2019). Monoclonal antibodies activates the 

antibody dependent cytotoxicity (ADCC), complement-dependent cytotoxicity or 

apoptosis directly following binding to their specific targets (Phelan & Advani, 2018).  

 CD20 which is expressed in malignant B lymphoblast cells as 30-50%related to 

poor prognosis and higher relapse rate (Hoelzer & Gokbuget, 2012; Phelan & Advani, 
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2018; Portell & Advani, 2014). CD20 involve in cell cycle progression, differentiation 

and apoptosis (Terwilliger & Abdul-Hay, 2017). Rituximab which is a first generated 

monoclonal humanized murine immunoglobulin G (IgG1) antibody targets the CD20+ 

cells (Portell & Advani, 2014; Terwilliger & Abdul-Hay, 2017). Phase studies showed 

that rituximab increased the overall survival and complete remission rate of patients 

when combined with hyper-CVAD chemotherapy regimen compared to patients treated 

with chemotherapy only (Hoelzer, Huettmann, & Kaul, 2010; Maury et al., 2016; 

Phelan & Advani, 2018; Portell & Advani, 2014; D. A. Thomas et al., 2010). Similar 

results were obtained from ofatumumab, obinutuzumaband REGN1979 which are 

another monoclonal antibodies effectively bind to different epitope of CD20 (Awasthi et 

al., 2015; Bazarbachi et al., 2018; Castillo, Milani, & Mendez-Allwood, 2009). The 

biallelic monoclonal antibody REGN1979 not only targets the CD20 also bind to CD3 

which activates the T-cell immune response. These antibodies result in effective 

antibody-mediated cytotoxicity for the pre-B ALL, Ph- ALL or CLL (Terwilliger & 

Abdul-Hay, 2017). Obinutuzumab has been approved by FDA for the first-line CLL 

treatment, however for the pre-B ALL it should be studied (Phelan & Advani, 2018).  

 CD22 which is expressed as 90% in leukemic blasts of ALL patients is targeted 

by an unconjugated humanized monoclonal antibody, epratuzumab (N. N. Shah et al., 

2015). Studies showed that epratuzumab enhance the chemotherapy and second 

remission in relapsed pediatric B-ALL patients compared to patients treated without 

epratuzumab (Raetz et al., 2015). Phase study of adult pre-B ALL patients with relapsed 

or refractory demonstrated that combination of clofarabine and cytarabine with 

epratuzumab enhance the therapy and complete remisson rate was significantly much 

more than therapy with clofarabine/cytarabine alone (Advani et al., 2014). Phase III 

studies of epratuzumab still ongoing (Phelan & Advani, 2018). Another CD22-targeted 

antibody is moxetumomab pasudodotox which is newly developed for treatment of both 

pediatric and adult ALL. Combotox which is a combination of anti-CD19 and anti-

CD22 antibodies to treat the ALL patients with relapsed and refractory as well as 

epratuzumab (Terwilliger & Abdul-Hay, 2017). Moreover, the antibody – drug 

conjugate inotuzumab ozogamicin (InO) isa humanized monoclonal antibody targets 

CD22 antigens. InO attached to calicheamicin which is a cytotoxic agent through a 

nonimmunogenic linker. Calicheamicin induces dsDNA breaks and cell death(Hinman 

et al., 1993). Based on the phase studies showed that InO is a promising antibody and 
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enhance the overall survival rate of relapsed and refractory ALL patients, it has been 

approved by FDA in 2017 (Phelan & Advani, 2018).  

 CD19 is expressed in 90% of pre-B and mature ALL lymphoblasts and involved 

in activation of some signaling pathways such as the activation of c-myc, 

phosphorylation of src-family kinases and PI3K which are result in proliferation and 

differentiation (Chung et al., 2012; Fujimoto, Poe, Jansen, Sato, & Tedder, 1999; Otero, 

Omori, & Rickert, 2001). CD19 targeted by blinatumomab which is the first engineered 

antibody contains different regions of light and heavy chains of anti-CD19 and anti-

CD3 which are connected through a non-immunogenic linker. Thus, this BİTEs not 

only bind to CD19-positive B cells also bind to CD3-positive cytotoxic T cells, thus the 

cytotoxic T cells are activated to inducing cell death (Phelan & Advani, 2018). 

According to studies, blinatumomab is seen as a promising strategy for Ph+ ALL 

patents with relapse or refractory combined with second generation tyrosine kinase 

inhibitors (Martinelli et al., 2017).Another CD19-targeted antibodies; coltuximab 

ravtansine (SAR3419), denintuzumab mafodotin (SGN-CD19A) and ADCT-402 

conjugated-monoclonal antibodies have been used in phase studies to determine the 

therapeutic potential of these monoclonal antibodies for Ph-, Ph+ ALL patients with 

relapsed/refractory (Terwilliger & Abdul-Hay, 2017). 

 Moreover, CD52 targeted monoclonal antibody alemtuzumab has been 

investigated for the treatment of both T- and B- ALL and AML patients (Tibes et al., 

2006). Besides, CD52 has found highly expressed in Ph positive ALL patients. 

Therefore, alemtuzumab can be attractive treatment option for Ph positive ALL patients 

however, development of alemtuzumab is slow (Portell & Advani, 2014). 

 Due to the fact that antibodies specifically bind to their antigens, monoclonal 

antibodies has been seen the best option in targeted treatment instead of classical 

strategies. According to several trials, ALL patients with relapsed/refractory treated 

more efficiently than only chemotherapy. Ongoing studies focused on the Ph+ ALL 

patients treated with current TKIs to eliminate the poor progression of patients through 

using monoclonal antibodies.  

 Another targeted strategy is chimeric antigen receptor (CAR) T cells which are 

genetically engineered T cells. T lymphocyte cells are obtained from patients’ 

peripheral blood and genetically stimulate to transcribe receptors which target the 

antigen on the malignant cells, for instance CD19 on B-ALL, attached with other co-
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stimulatory membrane proteins which attached the CD3 to activate the T cell (Portell & 

Advani, 2014; Rafei, Kantarjian, & Jabbour, 2019).  

 

 

1.2. Sphingolipid Metabolism 
 

 

 Sphingolipids are one of the major lipid classes of eukaryotic cell membrane and 

were firstly identified by J. L. W. Thudichum in 1876 (Bartke & Hannun, 2009). 

Sphingolipids involve the cell membrane structure and modulate the fluidity and 

functions of membrane (Futerman & Hannun, 2004; Goni & Alonso, 2006). In addition 

to structural roles of sphingolipids in membrane, sphingolipids also contribute to several 

signaling pathways related to cell growth, cell proliferation, differentiation, survival, 

cell cycle, apoptosis and inflammation (Y. A. Hannun & Obeid, 2008; Simons & 

Ikonen, 1997; van Meer, Voelker, & Feigenson, 2008). Moreover, sphingolipids 

regulate the activities of transmembrane and peripheral membrane proteins (Lingwood 

& Simons, 2010).  

 Sphingolipids are de novo arises from serine and palmitoyl-CoA which are 

firstly convert to3-keto-dihydrosphingosinethrough serine palmitoyl transferase (SPT)in 

endoplasmic reticulum and then undergoes the dihydroceramide, ceramide, ceramide-1-

phophate, sphingosine, sphingosine-1-phosphate, sphingomyelin and glucosylceramide 

by different enzymes that glycosylated, phosphorylated or add head group to ceramide 

(Figure 1.4) (Y. A. Hannun & Obeid, 2008). 

Sphingolipids are defined by their characteristic long-chain sphingoid bases (18 

carbon amino-alcohol backbone) in which the most common types are sphingosine, 

dihydrosphingosine (sphinganine) and phytosphingosine. This sphingoid base serve as a 

backbone which comprises the sphingolipids together with a fatty acid or head group 

attached the sphingoid backbone. Additions of either multifarious head group, distinct 

fatty acid based on the different chain lengths, introduction of a double bond(s), degree 

of saturation or hydroxylation of fatty acyl chain define the biological properties of 

sphingolipids (Gault, Obeid, & Hannun, 2010; Y. A. Hannun & Obeid, 2008; Lahiri & 

Futerman, 2007; Menaldino et al., 2003; Patwardhan, Beverly, & Siskind, 2016). The 

biological features of sphingolipids depend on their subcellular location, amount and the 

cell types (Patwardhan et al., 2016). 
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Figure 1.4. Sphingolipid metabolism. SPT, serine palmitoyl transferase; KDS, 3-keto-
dihydrosphingosine reductase; CDase, ceramidase; CERS (LASS), ceramide 
synthase; SK, Sphingosine kinase;  SPPase, Sphingosine phosphate 
phosphatase; DES, dihydroceramide desaturase; CK, Cer kinase; C1PP, 
Cer-1-phosphate phosphatase; SMase, sphingomyelinase; SMS, SM 
synthase; PC, phosphatidylcholine; DAG, diacylglycerol; GCS, 
glucosylceramidesynthase; GCase, glucosyl CDase. Orange partners of 
figure indicate the bioactive sphingolipids. This figure adapted from (Bartke 
& Hannun, 2009). 

 

  

 
 

Figure 1.5. Sphingolipid rheostat. The biological processes in cells are regulated by 
ceramide, sphingosine and sphingosine-1-phospate in a harmony. CDase, 
ceramidase; CerS, ceramide synthase; SK1 /2, sphingosine kinase 1/2; S1P, 
sphingosine-1-phosphate. This figure is adapted from (Y. A. Hannun & 
Obeid, 2008).  
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 Sphingolipid metabolism is a highly complex network whose partners 

interconnect and interconvert each other and each process might be in different 

subcellular localization (Yusuf A. Hannun & Obeid, 2017). The partners of 

sphingolipids are in harmony in cells, the balance between apoptotic and anti-apoptotic 

metabolits called as “Sphingolipid Rheostat” (Figure 1.5).When the harmony is broken 

through imbalances in sphingolipids level cause aberrant cellular mechanism that end 

up various disease including COPD, Alzheimer’s disease, autoimmune diseases, 

asthma, diabetes, inflammatory bowel disease, chronic heart failure, sepsis, and cancer 

(Baranowski & Gorski, 2011; Kolter, 2011; Russo, Ross, & Cowart, 2013; van Echten-

Deckert & Walter, 2012; Yang & Uhlig, 2011). 

 

 

1.2.1. Bioactive Sphingolipids 
 

 

 Sphingolipid metabolism in which each pathway is a universe have been studied 

and reported in a wide range. One of the sphingolipids universes is bioactive 

sphingolipids.  Bioactive sphingolipids such as ceramide (Cer), sphingosine, 

sphingosine-1-phosphate (S1P) and glycosylceramide (GlcCer) known as bioeffector 

molecules due to that they have a role as signaling molecules or second messengers in 

cells.  

 Bioactive sphingolipids play important roles in cell proliferation, apoptosis, cell 

migration, angiogenesis, senescence and drug resistance in cancer cells(Dressler, 

Mathias, & Kolesnick, 1992; Y. Hannun & Bell, 1987; Ogretmen & Hannun, 2004). 

Bioactive sphingolipids influence the particular proteins such as kinases, phosphatases, 

membrane receptors and other enzymes(Yusuf A. Hannun & Obeid, 2017). Therefore, 

sphingolipids-based cancer therapies are topical issue in current landscape (Shaw et al., 

2018).  

 Ceramide is the central molecule of bioactive sphingolipids as both product and 

precursor of distinct bioactive sphingolipids (Bartke & Hannun, 2009). Ceramide 

comprise from sphingosine which is a fatty acyl chain with amide-linkage found in 

different length from C14 to C26 (Y. A. Hannun & Obeid, 2011; Ponnusamy et al., 

2010; Saddoughi, Song, & Ogretmen, 2008). Ceramide is synthesized from at least two 

distinct pathways: one of those is de novo synthesis of ceramide either from sphingosine 
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through ceramide synthase (CerS) named as salvage pathway (Kitatani, Idkowiak-

Baldys, & Hannun, 2008; Pewzner-Jung, Ben-Dor, & Futerman, 2006) or from 

sphinganine through LASS genes/CerS genes(Y. A. Hannun & Obeid, 2002; Linn et al., 

2001). Another pathway is catabolism of complex lipids especially sphingomyelin to 

ceramide (Bartke & Hannun, 2009; Ogretmen & Hannun, 2004).  

 Ceramides contribute and regulate the programmed cell death chemotherapeutic 

drug and radiation sensitivity, cellular stress, cell cycle arrest, autophagy and drug 

resistance related signaling pathways (Cruickshanks et al., 2015; Nganga, Oleinik, & 

Ogretmen, 2018; Obeid, Linardic, Karolak, & Hannun, 1993; Patwardhan et al., 2016). 

Accordingly, ceramides known as tumor suppressor lipids and can be potential 

biomarkers or targets for treatment of diseases especially cancer (S. Brachtendorf, El-

Hindi, & Grosch, 2019; Kurz, Parnham, Geisslinger, & Schiffmann, 2019; J. W. Park, 

Park, & Futerman, 2014; Saddoughi & Ogretmen, 2013). These physiological and 

pathophysiological specific roles of ceramides are determined by their acyl chain 

lengths in cell (Grosch, Schiffmann, & Geisslinger, 2012; Saddoughi & Ogretmen, 

2013).  Ceramide turns into sphingosine which is then converted to sphingosine-1-

phosphate by phosphorylation through sphingosine kinase-1 and -2 enzymes 

(Saddoughi & Ogretmen, 2013) in Golgi apparatus. Hereby ceramide is transported 

from ER to Golgi by ceramide transporter protein, CERT (Hanada, Kumagai, 

Tomishige, & Yamaji, 2009). In contrast to ceramide, sphingosine-1-phosphate 

promotes cell survival, proliferation, invasion, migration and drug resistance (Ogretmen 

& Hannun, 2004) (Figure 1.5). 

 

 

1.2.2. Ceramide Synthases  
 

 

 Six mammalian genes named longevity-assurance homolog (LASS1-6)/ Cer 

synthase (CerS1-6) encode for ceramide synthase proteins(Bartke & Hannun, 2009). 

Several studies showed that the substrate specificities of sphingosine N-acyl transferase 

known as ceramide synthases by using normal-phase thin-layer chromatography 

approach: CerS1 generates C18 ceramide (Venkataraman et al., 2002), CerS2 generates 

C22–C26 cermide (Laviad et al., 2008), CerS3 generates C18–C20 ceramide (Mizutani, 

Kihara, & Igarashi, 2006), CerS4 generates C18–C20 ceramide (Riebeling, Allegood, 
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Wang, Merrill, & Futerman, 2003), CerS5 generates C16 ceramide (Riebeling et al., 

2003) and CerS6 generates C14–C16 ceramide (Luttgeharm, Cahoon, & Markham, 

2015; Mizutani, Kihara, & Igarashi, 2005).  

 These acyl chain specificity of ceramide synthases are determined by eleven 

residues in between the last two putative transmembrane domains (TMDs) of the CerS 

(Tidhar et al., 2018). The mammalian CerS expression changes depend on cell types 

and development. The tissue distribution and properties of mammalian ceramide 

synthaseswere shown in Figure 1.6 (Levy & Futerman, 2010; Mullen, Hannun, & 

Obeid, 2012).  

  

 
 

Figure 1.6. The tissue distribution and properties of ceramide synthase genes. This 
figure is adapted from (Levy & Futerman, 2010).  

 
 Our previous studies showed that dasatinib and imatinib treatment increase the 

CERS genes mRNA level and leads to apoptosis in K562 cells whereas S1P generation 

enhanced in imatinib-resistance K562 cells (Baran et al., 2007; Gencer Akcok, Ural, 

Avcu, & Baran, 2011) as well as docetaxel induces the LASS genes expression in 

prostate cancer (Bassoy & Baran, 2012). Moreover, the increment in LASS genes 

expression in resveratrol-induced apoptosis of HL60 cells also shown previously by our 

group (Cakir, Saydam, Sahin, & Baran, 2011). 

 CERS1 (also known as LASS1) mainly expressed in human skin, brain and 

skeletal muscle and generates the C18-ceramide. Studies demonstrated that CERS1 

overexpression elevates C18-ceramide that result in cell death in head and neck cancer 

cells (HNCC). Normally, CERS1 and C18-ceramide highly expressed in healthy tissues 
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comparing with cancer cells (Koybasi et al., 2004; Senkal et al., 2007). Besides, the 

overexpression of CERS1 increases the C18-ceraide leads to autophagy in glioma cells 

(Z. Wang et al., 2017) as well as the relation between overexpression level of CERS1 

and its product C18-ceramide and lethal mitophagy, which is an autophagy subtype 

characterized with damaged mitochondria, has been shown in several studies. 

According to these studies elevated CERS1/C18-ceramide level leads to mitophagy in 

AML (Dany et al., 2016) and HNSCC (Sentelle et al., 2012) following treatment. 

 CERS2 (also known as LASS2) is mostly expressed in kidney, liver, lung, brain, 

breast, heart, adipose tissues and peripheral blood leukocytes and generates the long 

chain ceramides from C20 to C26. Low level of CERS2 related to tumor progression 

and poor prognosis in hepatocellular carcinoma patients (Ruan et al., 2016). According 

a study, CERS2 overexpression related to less metastasis ability in breast cancer 

patients and it proved that CERS2 mRNA and protein level was found in MCF-7 cells 

more than MDA-MB-231 which has more invasion and migration ability than MCF-7. 

Besides, the expression of CERS2 regulates the invasion and metastasis ability of breast 

cancer cells through regulating V-ATPase activity and MMP-2 and -9 (Fan et al., 2015). 

On the other hand, CERS2 downregulation increased C16 ceramide level and enhance 

the apoptosis in HeLa cells following cisplatin/UV radiation application (Sassa, Suto, 

Okayasu, & Kihara, 2012). Besides a study showed that CERS2 downregulation 

decreased the migration ability of bladder cancer cells (Aldoghachi et al., 2019) and 

controversial result obtained from another study, migration ability of bladder cancer 

cells enhanced when CERS2 expression downregulated (H. Wang et al., 2017). 

 CERS3 (also known as LASS3) mostly expressed in testis tissues and skin 

however, its expression is limited in other tissues and generates different ceramides 

from C18- to C26- ceramide (S. Brachtendorf et al., 2019). However, the knowledge 

about the role of CERS3 is limited; there is no significant relation between CERS3 and 

cancer in the literature. 

 CERS4 (also known as LASS4) mostly expressed in almost all human tissues 

with low level however, CERS4 highly expressed in testis tissues and generates the C18 

and C20 ceramide(S. Brachtendorf et al., 2019). CERS4 highly expressed in cancerous 

cells such as liver cancer (J. Chen et al., 2017) and ER positive breast cancer 

(Schiffmann et al., 2009). On the other hand high expression level of CERS4 decreased 

the proliferation and induced apoptosis in colon cancer and breast cancer tissues 

(Hartmann et al., 2012). Moreover decreasing CERS4 expression in HNSCC and renal 
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cell carcinoma patients enhance migration ability of liver cancer cells in vitro and 

metastasis ability of mammary cancer cells to liver in vivo (Gencer et al., 2017).  

 CERS5 (also known as LASS5) is mostly expressed in human brain and 

generates mainly C14- and C16 ceramides. According to studies CERS5 was found 

highly expressed in breast cancer tissues (Wegner et al., 2014) and colorectal cancer 

patients (Fitzgerald et al., 2014), CERS5 enhanced the cell proliferation and decreased 

the overall survival of patients. On the other hand after drug and ionizing radiation 

CERS5 expression increased and triggered C16-ceramide that result in apoptosis in 

breast cancer (J. Jin et al., 2009) and cervix cancer cells (Mesicek et al., 2010), 

respectively. Besides irradiation increased the expression of CERS5 in leukemia cells 

that result in p53 activation (Panjarian et al., 2008). Likewise, another study showed 

that p53 controls the response of CERS5 to chemotherapy in colon cancer cells 

(Sebastian Brachtendorf et al., 2018).  

 CERS6 (also known as LASS6) is expressed almost in all tissues and generates 

the C14- and C16-ceramides. CERS6 known as oncoprotein due to the fact that CERS6 

expression highly elevated in cancer cells especially, invasive and metastatic cancer 

cells including breast cancer (Edmond et al., 2015; Erez-Roman, Pienik, & Futerman, 

2010; Schiffmann et al., 2009). CERS6 overexpression significantly related to 

carcinogenesis, poor prognosis and survival in gastric cancer in both in vitro and in 

vivo. Moreover, suppressing of CERS6 suppressed the cell proliferation and enhanced 

the cell cycle arrest. Depletion of CERS6 repressed cell cycle regulators cyclins A, B, 

CDK1, and the JAK2/STAT3 signaling pathway as well as silencing CERS6 decreased 

the migration and invasion of gastric cancer cells whereas accelerated CER6 expression 

promoted the invasion and migration (Uen et al., 2018).Moreover, downregulation of 

CERS6 sensitizes the ALL cells to ABT-737 drug through regulation of CD95/Fas-

associated protein with death domain (FADD) whereas overexpression of CERS6 

prevented the drug-related apoptosis in ALL cells (Verlekar, Wei, Cho, Yang, & Kang, 

2018). Conversely, CERS6 positively regulates the drug resistance in cancer cells. For 

instance, CERS6 expression level was found fewer in cisplatin-resistant oral squamous 

cell carcinoma (OSCC) and activates the autophagy whereas CERS6 expression related 

to apoptosis in cisplatin-sensitive OSCC cells. After transfection of cisplatin-resistant 

OSCC cells with lentivirus of CERS6 gene, these cells sensitized to cisplatin and 

apoptosis was enhanced. These results were also confirmed in xenograft mice model (S. 

Li, Wu, Ding, Yu, & Ai, 2018).     
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1.2.3. Sphingosine Kinase -1 and -2  
 

 

 Sphingosine Kinase -1 and -2 (SK-1 and -2) are enzymes which are responsible 

for the conversion of ceramide to S1P by phosphorylation of sphingosine (Saddoughi & 

Ogretmen, 2013). The studies demonstrated that increased levels of SK1 and SK2 

related to poor prognosis and accelerated proliferation of cancer cells.  

 A microarray study that performed in tissue samples of different types of breast 

cancer patients demonstrated that Sphingosine kinase-1 is highly expressed in ER-

negative tissues whereas the dihydroceramidsynthases (LASS4, LASS6) and 

glucosylceramidsynthase (GCS) were higher in ER-positive tissues. Moreover, high 

expression level of SK-1 was related to poor outcome of patients (Ruckhaberle et al., 

2008). Another study showed that high expression level of SK-1 related to gemcitabine-

resistance in pancreatic cancer cells and up-regulating ceramide level or down-

regulating SK-1 level sensitizes the pancreatic cancer cells to gemcitabine-induced cell 

death. The SK-1 expression level also found as highly expressed in pancreatic 

adenocarcinoma tissues (Guillermet-Guibert et al., 2009). Another study showed that 

mRNA and protein level of SK-1 were highly expressed in gastric cancer cells and 

tissues that related to poor prognosis and survival of gastric cancer patients (W. Li et al., 

2009).  Another recent study indicated that the expedited replicative cellular senescence 

was related to decreased transcription of SK-1 (Kim et al., 2019). 

 A study showed that the inhibition of SK-2 reduces cell viability and 

proliferation, promotes caspase-dependent apoptosis through inhibition of Myc 

expression in ALL cells. Moreover, the contribution of SK-2 to ALL development was 

shown in immunodeficient mice (Wallington-Beddoe et al., 2014) 

 

 

1.2.4. Glycosylceramide Synthase  
 

 

 Our group previously showed that nilotinib induces apoptosis through increasing 

expression level of LASS genes while decreasing SK-1 and GCS expression that result 

in de novo ceramide generation and accumulation in chronic myeloid leukemia cells. 

Besides, ceramide generation related to sensitivity of CML cells to nilotinib as well 
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(Camgoz, Gencer, Ural, Avcu, & Baran, 2011). Another study demonstrated that rising 

level of ceramide by ceramide analogs and decreasing level of UDPglucose ceramide 

glucosyltransferase (UGCG) by siRNA sensitizes breast cancer cells to chemotherapy 

(Che, Huang, Xu, & Zhang, 2017). Another study showed that the inhibition of GCS 

sensitizes the P53-mutant-ovarian cancer cells to doxorubicin and reactivates the P53-

mediated apoptosis in these cells (Y. Y. Liu et al., 2011).   

 The studies implicated the crucial role of bioactive sphingolipids in 

tumorigenesis, cancer progression and drug-resistance as well as cellular processes like 

proliferation, differentiation, apoptosis and senescence; development of novel 

therapeutics to target bioactive sphingolipids became important for current treatment 

strategies. Therefore, inhibitors of GCS, SK , AC, S1PR, CK were developed with 

purpose to downregulates the proliferation whereas the aim of development of synthetic 

ceramide analogs upregulates the apoptosis in cancer (Adan-Gokbulut, Kartal-Yandim, 

Iskender, & Baran, 2013). 

 In addition to bioactive sphingolipids inhibitors, the effects of natural 

compounds on bioactive sphingolipids metabolism have been studied. For instance, a 

study showed that combination of radiation and resveratrol induces cell death through 

increasing ceramide level in prostate cancer (Scarlatti et al., 2007). Our previous study 

showed that resveratrol induces apoptosis and regulates the bioactive sphingolipids 

genes in HL-60 AML in a dose dependent manner (Cakir et al., 2011) and a supportive 

study showed that resveratrol induces apoptosis through regulation of SK-1 pathway in 

K562 CML cells (Tian & Yu, 2015). Another flavonoid genistein also inhibits the 

growth and induces apoptosis in melanoma cells (Ji et al., 2012). 

 

 

1.3. Flavonoids 
 

 

When the fruits, vegetables and traditional plants have been discovered to 

contain certain compounds which can be used for treatment of distinct diseases 

including cancer, the studies in that area have been accelerated to understand the 

properties of them in twenty century. Several in vitro and in vivo studies showed that 

the compounds which are known as “phytochemicals” in nowadays, have the anti-

oxidation, anti-inflammation and anti-carcinogenic features. Flavonoids, one of the 
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phytochemicals, are polyphenol secondary metabolites of plants and have an important 

position in human diet. Up to now, approximately 10000 flavonoids are described as the 

anti-oxidant, prooxidant, anti-inflammatory, anti-viral/bacterial, anti-diabetic, cardio 

protective, anti-cancer, anti-aging (Prochazkova, Bousova, & Wilhelmova, 2011). 

 

 

1.3.1. Luteolin 
 

 

 
 

Figure 1.7. Chemical structure of luteolin. This figure was taken from PubChem, NCBI 
(PubChem). 

 
Luteolin also known as 3’,4’,5,7-tetrahydroxyflavone is mostly studied type of 

flavones and has antioxidant activity (K. A. Kang et al., 2017). Likewise, other 

flavonoids, luteolin play role in pathogenesis of several diseases including cancer 

through regulating the signaling pathways. The chemical structure of luteolin was 

shown in Figure 1.7. 
 

 

1.3.2. Luteolin and Cancer 
 

 

 Anti-cancer effects of luteolin on cell lines, tumor tissues or mouse models of 

different cancer types have been investigated in a wide range. In this part, the recent 

studies about anti-cancer effects of luteolin on various cancer types including leukemia 

were reviewed.  
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 Several studies have been demonstrated that luteolin inhibits cell proliferation 

and growth in various cancer types such as breast cancer (Cook, Liang, Besch-

Williford, & Hyder, 2017), prostate cancer(Han et al., 2016), pancreatic cancer(Z. Li, 

Zhang, Chen, & Li, 2018), non-small cell lung cancer cells, (Yu et al., 2019), 

esophageal carcinoma (P. Chen et al., 2017), and hepatocellular carcinoma (Im, Yeo, & 

Lee, 2018; Lee & Kwon, 2019), human placental choriocarcinoma cells (Lim, Yang, 

Bazer, & Song, 2016) and melanoma (C. Li, Wang, Shen, Wei, & Li, 2019) with dose 

and time dependently. 

 Luteolin induces apoptosis through intrinsic and/or extrinsic apoptotic pathways 

in several cancer types including hepatocellular carcinoma (Im et al., 2018; Lee & 

Kwon, 2019), colon cancer (K. A. Kang et al., 2017), esophageal carcinoma (P. Chen et 

al., 2017), gliomablastoma (Q. Wang, Wang, Jia, Pan, & Ding, 2017), 

cholangiocarcinoma cells (Kittiratphatthana, Kukongviriyapan, Prawan, & Senggunprai, 

2016) and human placental choriocarcinoma cells (Lim et al., 2016). Luteolin down 

regulated the mitochondrial membrane potential that leads to apoptosis in esophageal 

carcinoma (P. Chen et al., 2017) and gliomablastoma (Q. Wang, H. Wang, Y. Jia, H. 

Pan, et al., 2017) in both in vitro and in vivo. Although luteolin promoted caspase-

dependent apoptosis through preventing AKT/osteopontin pathway in human 

hepatocellular carcinoma cells, luteolin has low toxic effect on mouse normal 

hepatocyte cells (Im et al., 2018). Studies showed the low toxic effect of luteolin on 

normal mouse vascular endothelial cells (VECs) (Q. Wang, H. Wang, Y. Jia, H. Pan, et 

al., 2017) and normal human colon FHC cells (K. A. Kang et al., 2017) as well. A 

recent study demonstrated that luteolin inhibited cell proliferation and induced both 

apoptosis and autophagy through endoplasmic reticulum stress in P53-null Hep3B 

hepatocellular carcinoma cells (Lee & Kwon, 2019). Hadi et al. 2015, demonstrated that 

luteolin induces apoptosis through increasing endogeneous ceramide level in colon 

cancer cells Caco-2. Moreover, luteolin inhibits the both expression and activity of SK-

1 and -2 that leads to sphingosine-1-phosphate reduction (Abdel Hadi et al., 2015).   

 In addition to anti-proliferative and apoptotic effects of luteolin, anti-migration, 

anti-invasion and anti-metastatic effects of luteolin in various cancer types was also 

shown in both in vitro and in vivo. For instance, luteolin prevents migration and lung 

metastasis ability of triple-negative breast cancer cells(Cook et al., 2017) while luteolin 

inhibits the migration and invasion through upregulating miR 384/pleiotrophin axis in 

colorectal cancer cells (Y. Yao, Rao, Zheng, & Wang, 2019). Luteolin inhibits the 
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invasion and metastasis through down regulation of matrix metalloproteases (MMPs) in 

glioblastoma cells (Q. Wang, H. Wang, Y. Jia, H. Ding, et al., 2017), melanoma cells 

(X. Yao, Jiang, Yu, & Yan, 2019), pancreatic cancer cells (X. Huang et al., 2015). 

Various studies showed that luteolin downregulates or inhibits epithelial-mesenchymal 

transition (EMT) in colorectal cancer (Y. Liu et al., 2017), triple-negative breast cancer 

(Lin et al., 2017), pancreatic cancer (X. Huang et al., 2015), glioblastoma cells (Q. 

Wang, H. Wang, Y. Jia, H. Ding, et al., 2017), gastric cancer (Zang et al., 2017) and 

melanoma (C. Li et al., 2019).  

 Luteolin regulates signaling pathways not only genetically but also 

epigenetically regulates in cells. For instance, luteolin extinguished cell proliferation 

and cellular transformation colorectal cancer cells through decreasing methylation of 

Nuclear factor erythroid 2- related factor 2 (Nrf2) promoter in a dose-dependent manner 

as well. Moreover, protein level and enzymatic activity of DNA methyltransferases 

(DNMTs) and histone deacetylases (HDACs) was decreased by luteolin in a dose-

dependent manner as well (Zuo et al., 2018).This study recently supported that luteolin 

increased Nrf2 expression through repression DNA methyltransferases expression and 

augmentation ten-eleven translocation (TET) DNA demethylases activation in colon 

cancer. Moreover, the interaction between Nrf2 and P53 that involved in the apoptotic 

effect of luteolin on colon cancer was shown  (K. A. Kang et al., 2019). Besides, 

various concentration exposure of luteolin leads to Fas/FasL-mediated apoptosis via 

increasing acetylation of histone H3 and increasing level of nuclear accumulation of c-

Jun in human HL-60 leukemia cells (S. W. Wang et al., 2018).  

 In classical chemotherapy, patients can develop resistance to chemotherapeutic 

drugs. In that point, opening a new window to overcome the drug resistance is 

important phenomenon in cancer therapy. It has been documented; luteolin does not 

only reverse drug resistance but also enhance the therapeutic effects of 

chemotherapeutic drugs on cancer cells. For instance, a recent study indicated that 

luteolin sensitizes the drug-resistant cells against chemotherapeutic drugs in ovarian 

cancer (H. Wang, Luo, Qiao, Wu, & Huang, 2018). Luteolin enhanced anti-proliferative 

and apoptotic effect of cisplatin onto cisplatin-resistance ovarian cancer cells as well as 

inhibiting the migration and invasion ability of ovarian cancer cells. Besides, luteolin 

enhanced the anti-tumor effect of cisplatin in xenograft in vivo model (H. Wang et al., 

2018). Another study demonstrated that luteolin leads to apoptosis in colorectal 

carcinoma cells which were arrested at G0/G1 by chemotherapeutic drug oxaliplatin 
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(Jang, Moon, Oh, & Kim, 2019). Furthermore, cell viability and EMT was 

downregulated by luteolin in paclitaxel-resistant ovarian cancer cells (Dia & Pangloli, 

2017). Another study showed that luteolin synergistically enhance the anti-cancer effect 

of 5-fluorouracil (5-FU) on human hepatocellular carcinoma cells (H. Xu et al., 2016).  

 

 

1.4. Aim of Project 
  

 

 Although the current treatment strategies for Ph positive ALL include the 

targeting BCR/ABL; complete remission, overall survival and mortality of Ph+ ALL 

patients are still worse compared to Ph- ALL patients. Therefore, new strategies 

combined with current treatments are needed for Ph+ ALL patients who are qualified as 

high risk group of ALL.  

 Due to that the bioactive sphingolipids regulates the several biological processes 

in cells, they considered as therapeutic target. Besides, some studies showed that 

flavonoids contribute the bioactive sphingolipids-based cell death or 

suppression/inhibition of cell proliferation in cancer cells. Only one study showed that 

luteolin induces apoptosis through increasing endogeneous ceramide level in colon 

cancer cells. Moreover, luteolin inhibits the both expression and activity of SK-1 and -2 

and thereby resulting in the reduction of S1P (Abdel Hadi et al., 2015).   

 According to this background information, we hypothesized that luteolin might 

have cytotoxic, apoptotic and cytostatic effects on Philadelphia chromosome positive 

acute lymphoblastic leukemia cells. Besides, luteolin might regulate the bioactive 

sphingolipids genes in possible therapeutic potential of luteolin.  

 In this study, the cytotoxic, apoptotic and cytostatic effects of luteolin on 

Philadelphia chromosome positive acute lymphoblastic leukemia cells were determined 

for the first time. Moreover, the roles of bioactive sphingolipids genes in therapeutic 

potential of luteolin on Ph positive ALL cells was investigated for the first time as well.  
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CHAPTER 2 
 

 

MATERIALS AND METHODS 
 

 

2.1. Materials 
 

 

2.1.1. Cell Lines 
 

 

 SD-1 cells, Philadelphia chromosome + ALL (Ph+ ALL) cells were obtained 

from German Collection of Microorganisms and Cell Cultures, Germany.  

 10 μM imatinib resistance SD-1 cells referred as SD-1R were generated by Dr. 

Yağmur KİRAZ in our laboratory.  

 Normal lymphoblast HCC1937 BL cell line was provided from Lisa Wiesmuller, 

Department of Obstetrics and Gynecology, University of Ulm, Germany.  

 Normal epithelial lung BEAS-2B cell line was used from stocks in our 

laboratory. BEAS-2B cell line was obtained from American Type of Culture Collection, 

USA. 

  

 

2.1.2. Luteolin 
 

 

 Luteolin was obtained from Santa Cruz Biotechnology, USA. The stock solution 

of Luteolin was prepared as 10 mM with sterile DMSO under dark and stored at – 20ºC. 

 

 

2.1.3. Chemicals 
 

 

 RPMI Media 1640, heat inactivated fetal bovine serum (FBS), Dulbecco’s 

phosphate buffer saline (PBS) 10X, RNase/Dnase free water were obtained from Gibco, 
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Thermo Fischer Scientific, USA. PBS 10X was diluted with distilled water and used as 

PBS 1X and stored at both room temperature and +4 ºC. FBS was aliquated as 15 mL 

and stored at -20 ºC. 

 Penicillin/Streptomycin, L-glutamine, Trypsin-EDTA and Prestained Standard 

protein marker were obtained from EuroClone, Germany. Both Penicillin/Streptomycin 

and L-glutamine were aliquated as 10 ml and stored at -20 ºC as well as Prestained 

Standard protein marker.  

 Dimethyl sulfoxide (DMSO), Tween-20, Ethidium bromide, 3-(4, 5-

Dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide (MTT) powder and Trypan 

blue powder were obtained from Sigma Aldrich, USA. DMSO was stored at room 

temperature. MTT stock solution was prepared as 5 mg/ml in 1X PBS and stored at -20 

ºC. Trypan blue was prepared as 0,4% in PBS 1X and stored at room temperature. 

 Annexin V-FITC, Annexin V binding solution and Propidium Iodide (PI) were 

obtained from BioLegend, USA. Dyes and solution were stored at +4 ºC. 

 JC-1 mitochondrial membrane potential kit was obtained from Cayman 

Chemical, USA. Kit was stored at -20 ºC. 

 NucleoSpin RNA isolation kit was obtained from Macherey-Nagel, Germany. 

Kit was stored at +4 ºC. 

 RevertAid first strand cDNA synthesis kit, Taq DNA polymerase kit, DyNAmo 

HS SYBR Green qPCR kit, 6X loading dye, 50 kb Gene Ruler, Pierce™ BCA Protein 

Assay Kit were obtained from Thermo Ficher Scientific, USA. Except Pierce™ BCA 

Protein Assay Kitall kits were stored at -20 ºC.  

 Tris- Acetate- EDTA (TAE) 10 X was obtained from Vivantis Technologies, 

Malaysia. Chemical was stored at room temperature.   

 BSA powder was obtained from Santa Cruz Biotechnology, USA and was stored 

at +4 ºC. 

 Sodium Chloride (NaCl), Tris-hydrochlorid, NP-40, Triton X-100 were obtained 

from AppliChem GmbH, Germany. Chemicals were stored at room temperature. 

 Blotting-grade blocker (Non-fat dry milk), Ammonium Persulfate, Laemmli 4X 

buffer, β-mercaptoethanol, TEMED, 10X TGS buffer for SDS-PAGE, Mini-PROTEAN 

TGX Stain-Free Gels, 10% TGX Stain-Free FastCast Acrylamide Kit, Trans-Blot Turbo 

5X Transfer Buffer, Trans-Blot Turbo Mini-Size PDVF Membrane, Trans-Blot Turbo 

Mini-Size Transfer Stacks, 10X TBS (Tris-Buffered Saline), ClarityTM Western ECL 

Substrate were obtained from Bio-Rad, USA. 
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2.1.4. Primers 
 

 

 Ceramide synthase (CERS)-1, -2, -4, -5, -6; Sphingosine kinase (SK-1, and -2) 

and β-actin primers were obtained from Sentebiolab Biotech, TURKEY. Sequences of 

primers were designed by using NCBI Primer Blast Tool. Primers used in this study 

showed in Table 2.1. 

 

 Table 2.1. Sequences forward and reverse primers used in this study. 

Primers Sequence 

CERS 1 Forward 5’- ACGCTACGCTATACATGGACAC -3’ 

CERS 1 Reverse 5’- AGGAGGAGACGATGAGGATGAG -3’ 

CERS 2 Forward 5’- AGTAGAGCTTTTGTCCCGGC -3’ 

CERS 2 Reverse 5’- GCTGGCTTCTCGGAACTTCT -3’ 

CERS 4 Forward 5’- CTTCGTGGCGGTCATCCTG -3’ 

CERS 4 Reverse 5’- TGTAACAGCAGCACCAGAGAG -3’ 

CERS 5 Forward 5’- TCAGGGGAAAGGTATCGAAGG -3’ 

CERS 5 Reverse 5’- CTGCCTCCCATGTGACCATT -3’ 

CERS 6 Forward 5’- GGGATCTTAGCCTGGTTCTGG -3’ 

CERS 6 Reverse 5’- GCCTCCTCCGTGTTCTTCAG -3’ 

  
 

 

2.1.5. Antibodies 
 

 

The antibodies used in this study and their brands, dilutions and secondary antibodies 

are showed in Table 2.2. 
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Table 2.2. Dilutions and brands of primary antibodies and their secondary antibodies 
used in this study. 

First 

Antibody 

Dilution Brand  Secondary 

antibody 

Dilution 

SK-1 1:1000, in 5% non fat 

dry milk in TBST-20 

Abcam Anti-rabbit, 

Biorad 

1:2000, in 5% non fat 

dry milk in TBST-20 

SK-2 2 μg/ml, in 5% non fat 

dry milk in TBST-20 

Sigma Aldrich Anti-mouse, 

Biorad 

1:2000, in 5% non fat 

dry milk in TBST-20 

GCS 2 μg/ml, in5% non fat 

dry milk in TBST-20 

Sigma Aldrich Anti-mouse, 

Biorad 

1:2000, in 5% non fat 

dry milk in TBST-20 

ABL 1:1000, in 5% non fat 

dry milk in TBST-20 

Santa Cruz Anti-mouse, 

Biorad 

1:2000, in 5% non fat 

dry milk in TBST-20 

GAPDH 1:15000, in 5% non fat 

dry milk in TBST-20 

Proteintech  Anti-mouse, 

Biorad 

1:3000, in 5% non fat 

dry milk in TBST-20 

 
 

 

2.2. Methods 
 

 

2.2.1. Cell Culture Conditions  
 

 

 SD-1, SD-1R and HCC1937 BL cells were maintained as 0,3-0,5x106 cells/ml in 

RPMI medium that contains 15% heat-inactivated fetal bovine serum (HI-FBS), 1% L-

glutamine and 1% Penicillin-Streptomycin in 75 cm
2 

tissue culture flasks. For SD-1R 

cells, 10 μM imatinib was added to flask to maintain the resistance. When the cell 

number reached to 1-1,5x106 cells/ml, cells were cultured.  

 BEAS-2B cells were maintained in DMEM high glucose medium which 

contains 10% fetal bovine serum (FBS), 1% L-glutamine and 1% Penicillin-

Streptomycin in 75 cm
2 
tissue culture flasks. Cells were cultured when their confluence 

reached to 90%. 
 The cells were incubated at 37 °C in 5% CO

2
incubator (Thermo Scientific, 

USA).  



32 
 

2.2.2. Thawing Frozen Cells 
 

 

 SD-1, SD-1R, HCC1937 BL or BEAS-2B cells were frozen and stored at –80 C° 

for further studies when they may be needed. In case, cells were quickly thawed to 

obtain the highest percentage of viable cells. When the ice crystals melted, the cells 

were taken into a sterile falcon tube that contains 4 ml fresh complete media. Then, the 

falcon tube was centrifuged at 800 rpm for 5 min to remove DMSO from content. After 

centrifugation, supernatant was removed, cells were resuspended in fresh complete 

media and cultured in 25 cm
2 

tissue culture flask. The cells were incubated at 5% CO
2
, 

37 °C in CO
2 
incubator (Thermo Scientific, USA). 

 

 

2.2.3. Freezing Cells 
 

 

 SD-1, SD-1R, HCC1937 BL or BEAS-2B cells were frozen in cryogenic vials at 

–80 °C to use in further studies when needed. Each cryogenic vial contained 2x106 cells 

in 1 mL as 500 μL Freezing Mix 1 + 500 μL Freezing Mix 2 (Table 2.3). 

  

Table 2.3. Preparation of freezing mixtures. 

 Contents of freezing mix 

Freezing Mix 1 6 mL culture media (not complete) 4 mL FBS 

Freezing Mix 2 8 mL culture media (not complete) 2 mL DMSO 

 
 The cells cultured were harvested and the content was centrifuged at 800 rpm for 

5 minutes. After centrifuge, supernatant was removed carefully and the pellet was 

resuspended with Freezing Mix 1. The amount of Freezing Mix 1 calculated as each 

cryogenic vial contains 500 μL. The content was transferred into the cryogenic vials. 

Then, 500 μL Freezing Mix 2 was put into each cryogenic vial immediately. The 

cryogenic vials were incubated in –20 °C fridge overnight. Finally, the cells were stored 

at –80 ° C freezer.  
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2.2.4. Maintenance of Cells 
 
 
2.2.4.1. Maintenance of SD-1, SD-1R Cells and HCC1937 BL Cells 
 

 

 SD-1, SD-1R and HCC1937 BL cells were cultured when the cell number 

reached to 1-1,5x106 cells/ml. SD-1, SD-1R or HCC1937 BL cells were collected from 

75 cm
2 

tissue culture flask into a sterile falcon tube. The falcon tube was centrifuged at 

600 rpm for 5 minutes. Next, supernatant was removed and the pellet was resuspended 

in 10 mL fresh complete RPMI 1640 medium. 30 μL content was taken and mixed with 

30 μL trypan blue dyes. 10 μL of mixture was put into clean Neubauer hemacytometer 

(MARIEN SUPERIOR, GERMANY) to count the cell number. The cells were counted 

under Carl-Zeiss 12V DC 30W light microscopy at 10X magnification. 

 
 

Figure 2.1. The view of hemacytometer squares under the light microscope. 

 

 Each square of the hemacytometer (Figure 2.1) (with cover slip in place) 

represents a total volume of 10
-4 

cm
3
. Since 1 cm

3 
is equivalent to 1 mL, the subsequent 

cell concentration per mL and the total number of cells was determined using the 

following equations:  

 
   (2.1) 

 

    
  (2.2)                        

After cell counting, SD-1, SD-1R or HCC1937 BL cells were seeded into 75 cm
2 

tissue 

culture flask as 0,3x106 – 0,5x106 cells/mL in complete RPMI 1640 media.  
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2.2.4.1. Maintenance of BEAS-2B Cells 
 

 

 BEAS-2B cells were cultured when their confluence reached to 90%. The 

medium of BEAS-2B cells in 75 cm
2 

tissue culture flask was removed and cells were 

washed with 1X PBS. The PBS was discarded and 1 mL Trypsin-EDTA solution was 

put into flask. The cells were incubated at 5% CO
2
, 37 °C in CO

2 
incubator (Thermo 

Scientific, USA) for 1-5 minutes until all cells are suspend. The suspend cells were 

collected with 4 mL complete culture medium and centrifuged at 1000 rpm for 5 

minutes. After centrifugation, supernatant was removed and the pellet was resuspended 

in 10 mL fresh complete DMEM high glucose medium. 30 μL of content was taken and 

mixed with 30 μL trypan blue dyes. 10 μL mixture was put into clean Neubauer 

hemacytometer MARIEN SUPERIOR, GERMANY to count the cells number. The 

cells were counted under Carl-Zeiss 12V DC 30W light microscopy at 10X 

magnification. The subsequent cell concentration per mL and the total number of cells 

was determined using the equations 2.1 and 2.2.  

After cell counting, BEAS-2B cells were seeded into 75 cm
2 

tissue culture flask 

as 1X106 cells in complete DMEM high glucose media.  

 

 

2.2.5. Drug Preparation and Stock Solutions 
 
 

 Luteolin (Synonym: 3′,4′,5,7-Tetrahydroxyflavone) and imatinib (Synonym: 

3′,4′,5,7-Tetrahydroxyflavone) powder were obtained from Santa Cruz Chemicals and 

Sigma, USA, respectively. Luteolin and imatinib were dissolved in DMSO and water 

using below calculation (2.3 and 2.4), respectively. 10 mM stock solution was prepared 

from this content using below equation (2.5). The drugs were stored at -20 C and dark. 

 

    (2.3) 

 

     (2.4) 
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     (2.5) 

 

 

2.2.6. Measurement of Cell Proliferation by MTT 
 

 

 The cytotoxic effect of Luteolin on SD-1, SD-1R, HCC1937 BL cells and 

BEAS-2B were determined by using MTT assay. Moreover, the cytotoxic effect of 

imatinib on SD-1 cells is also determined by using this method. 

 10.000 cells/100 μL of SD-1, SD-1R or HCC1937 BL cells and 5.000 cells/100 

μL BEAS-2B cells were seeded into each well of 96-well plates. BEAS-2B cells were 

incubated overnight at 5% CO
2
, 37 °C in CO

2 
incubator before application of drugs.  

 Luteolin were prepared as 0-5-10-20-30-40-50-100 μM doses while imatinib 

was prepared as 0-1-5-10-20-50 μM doses. 100 μL drug doses were applied onto 

dedicated wells and the final concentration of DMSO in each well was under the 0,1%. 

96-well-plates were incubated at 5% CO
2
, 37 °C in CO

2 
incubator (Thermo Scientific, 

USA) for 24 and/or 48 hours. When incubation time was completed, 20 μL of MTT 

stock solutions (5 mg/mL) was added into each well and 96-well-plates were incubated 

at 5% CO
2
, 37 °C in CO

2 
incubator for 4 hours. After incubation time was completed, 

plates were centrifuged at 1400 rpm, 4 °C for 10 minutes to precipitate formazan 

crystals. Then, supernatant was removed carefully and 100 μL of DMSO was added to 

each well to dissolve the formazan crystals. Plates were incubated at room temperature 

in rotator shaker for 10-15 minutes, then they were read in a microplate reader 

(Multiskan Go, Thermo Scientific, USA) at 570 nm. 

 

 

2.2.7. Trypan Blue Dye Exclusion Method to Measure Cell Viability 
 

 

 The effect of Luteolin on viability of SD-1, SD-1R, HCC1937 BL and BEAS-2B 

cells were determined by trypan blue dye exclusion assay. Moreover, the cytotoxic 

effects of imatinib on SD-1 cells were also determined by using this method. 
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0,3x106 SD-1, SD-1R, and HCC1937 BL cells and 25.000 BEAS-2B cells were 

seeded in 1 mL complete culture media into 6-well plate. BEAS-2B cells were 

incubated overnight at 5% CO
2
, 37 °C in CO

2 
incubator before application of drugs. 0-

5-10-20-30-40-50-100 μM of Luteolin was applied while0-1-5-10-20--50 μM of 

imatinib was applied with three replicates. 6-well-plates were incubated at 5% CO
2
, 37 

°C in CO
2 
incubator (Thermo Scientific, USA) for 48 hours.  

When incubation time completed, cells were pipetted gently, 30 μL cells were 

taken and mixed with 30 μL trypan blue dye. 10 μL was taken from mixture and put to 

clean Neubauer hemacytometer (with cover slip in place) to count the cell number. The 

cells were counted under Zeiss light microscopy at 10X magnification. Each square of 

the hemacytometer (with cover slip in place) represents a total volume of 10
-4 

cm
3
. 

Since 1 cm
3 

is equivalent to 1 mL, the subsequent cell concentration per mL and the 

total number of cells was determined using the following equations:  

Cells per mL = (A+B+C+D)/4 × the dilution factor × 10
4
 

 
Thus, cell number of control and luteolin treated SD-1, SD-1R, HCC1937 BL 

and BEAS-2B cells were determined.  

 
 
2.2.8. Measurement of Apoptosis Rate by Annexin-V/PI Double 

Staining by Flow Cytometry 
 
 
 Apoptotic effects of luteolin on SD-1 cells were determined by using Annexin-

V/PI Double Staining by flow cytometry. SD-1 cells were seeded as 0,6x106 cells in 2 

mL complete RPMI 1640 media at 6-well plates. Luteolin was applied as 0-10-20-40 

μM to desired wells and 6-well-plates were incubated at 5% CO
2
, 37 °C in CO

2 

incubator (Thermo Scientific, USA) for 48 hours.  

 When incubation time completed, cells were collected in different falcons and 

centrifuged at 1000 rpm for 10 minutes (0 μM Luteolin- exposed cells -1 and -2 were 

divided into two 15 mL falcon to stained as below for introducing cells to flow 

cytometry). After centrifugation, supernatant was removed and cells were dissolved in 1 

mL cold PBS 1X. Then, falcons were centrifuged again at 1000 rpm for 10 minutes and 
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supernatant was removed after centrifugation. The pellets were dissolved in 200 μL 

Annexin binding buffer and 2 μL Annexin and PI dyes were added as defined below 

(Figure 2.2). 

 Untreated control cells (0 μM Luteolin) and experiment cells (exposed to 10-, 

20-, and 40 μM of luteolin) were stained with both 2 μL Annexin and 2 μL PI. Cells 

were incubated at room temperature for 15 minutes before analysis at flow cytometry.  

 

 
 

Figure 2.2. AnnexinV-PI double staining. 

 

 As a consequence of whether AnnexinV dye (FITC-A) binds to 

phosphatidylserine in outer membrane of cells and PI dye binds to DNA fragments in 

nucleus, cells divided to 4 quadrant in flow cytometry, (BD FACS Canto, USA) in two 

channel. Normally phosphatidylserine found in inner membrane of cells while it moves 

to outer membrane by flip-flop in apoptosis. AnnexinV-FITC dye binds to 

phosphatidylserine found in outer membrane of death cells. Besides, DNA fragments of 

cells which goes to cell death can be visualized through PI dye. PI dye can bind to DNA 

fragments in the nucleus of death cells. Thus, death cells can be visualized by double 

staining of AnnexinV-PI. 

 

 

2.2.9. Detection of Loss of Mitochondrial Membrane Potential  
 

 

 The effect of Luteolin on loss of mitochondrial membrane potential of SD-1 

cells was determined by using JC-1 Mitochondrial Membrane Potential Kit by flow 

cytometry. SD-1 cells were seeded as 0,6x106 cells in 2 mL complete RPMI-1640 
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media at 6-well plates. Luteolin was applied as 0-10-20-40 μM and 6-well-plates were 

incubated at 5% CO
2
, 37 °C in CO

2 
incubator (Thermo Scientific, USA)for 48 hours. 

 When 48 hours incubation time completed, 100 μL of JC-1 staining solution was 

prepared and applied to each well, was mixed gently. The plates were incubated at 5% 

CO
2
, 37 °C in CO

2 
incubator (Thermo Scientific, USA) for 20 minutes.  

 After incubation, cells were collected in different falcons and centrifuged at 

1000 rpm for 5 minutes. After centrifugation, supernatant was removed and cells were 

dissolved in 1 mL of JC-1 assay buffer.  

 Then, falcons were centrifuged again at 1000 rpm for 5 minutes and supernatant 

was removed after centrifugation. The pellets were dissolved in 500 μL JC-1 assay 

buffer and the mitochondrial membrane potential was detected by flow cytometry (BD 

FACS Canto, USA),immediately. 

 

 Preparation of JC-1 staining solution: 100 μL JC-1 dye + 900 μL complete 
RPMI medium 1640 

 Preparation of JC-1 assay buffer: 1 Cell based assay buffer tablet + 100 mL 
distilled water 

 

 

2.2.10. Analysis of Cell Cycle Profiles  
 

 

 The possible cytostatic effects of Luteolin on SD-1 cells was determined by 

using Flow Cytometry. 0,6X106 cells in 2 mL SD-1 cells were seeded in RPMI-1640 

media in 6-well plates. Luteolin was applied as 0-10-20-40 μM and 6-well-plates were 

incubated at 5% CO
2
, 37 °C in CO

2 
incubator (Thermo Scientific, USA) for 48 hours.  

 

2.2.10.1. Fixation 
 

 

 When 48 hour incubation time was completed, cells were collected in different 

falcons and centrifuged at 1000 rpm for 5 minutes. After centrifugation, supernatants 

were discarded and the pellets were dissolved in 1 mL cold PBS. Falcons were 



39 
 

incubated on ice for 15 minutes and then 4 mL -20 °C absolute ethanol was added into 

each falcon. Falcons were incubated at -20 °C at least 24 hours. 

 

 

2.2.10.2. Staining 
 

 

 After incubation time was completed, falcons were centrifuged at 1000 rpm for 

10 minutes. Supernatants were discarded and the pellets were dissolved in 5 mL cold 

PBS. Falcons were centrifuged at 1000 rpm for 10 minutes again and then supernatants 

were discarded and the pellets were dissolved in 250 μL 0,1% TritonX100 in 1X PBS. 

Then, 25 μL RNase A was added into each falcons and falcons were incubated at 5% 

CO
2
, 37 °C in CO

2 
incubator (Thermo Scientific, USA) for 30 minutes. After incubation 

time completed, 25 μL PI dye was added into each falcon and falcons were incubated at 

room temperature for 10 minutes. Then, cell cycle profiles of cells were examined by 

BD FACS Canto, USA flow cytometry.    

 
 
2.2.11. Quantification of Expression Levels of Sphingolipid Genes  
 
 
 The effects of Luteolin on expression levels of sphingolipid genes in SD-1 cells 

were determined by qRT-PCR. Sequences of primers were described above in Table 

2.1. Before performing qRT-PCR, total RNAs were isolated from luteolin applied SD-1 

cells after different concentration of luteolin application for 48 hours.  

 SD-1 cells were seeded in 8 mL complete RPMI-1640 medium as 0,3x106 

cells/mL in 100 mm petri dishes. Luteolin was applied the petri dishes as 0-10-20-40 

μM and petri dishes were incubated at 5% CO
2
, 37 °C in CO

2 
incubator (Thermo 

Scientific, USA) for 48 hours.  

 When 48 hour incubation was completed, cells were collected in different 15 mL 

falcons and centrifuged at 1000 rpm for 10 minutes. After centrifugation, supernatants 

were discarded, the pellets were dissolved in 1 mL 1X PBS and contents carried to 1,5 
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mL eppendorf to centrifuge at 1000 rpm for 10 minutes. After centrifugation, 

supernatants were discarded and pellets were used for total RNA isolation.   

 

 

2.2.11.1. Total RNA Isolation from Cells and Quantification of RNA 
 
 
Macherey-Nagel NucleoSpin®RNA isolation kit was used for the total RNA isolation 

from SD-1 cells. According to manifacturer’s protocol, isolation was performed and all 

steps were performed at room temperature.  

 After collecting cells, the pellets were well dissolved in 350 μL of lysis buffer of 

Macherey-Nagel NucleoSpin®RNA isolation kit that contain 3,5 μL β-mercaptoethanol. 

Contents were applied to Macherey-Nagel NucleoSpin®RNA fitler in collection tube 

and were centrifuged at 11,000 g for 1 minutes. The lysate was passed at least 5 times 

through a 0.9 mm diameter needle (20-gauge) fitted to a syringe.  

 The flow-through were discarded, 350 μL 70% ethanol was added into each tube 

and the lysates were homogenized by pipetting. The samples were applied to new 

Macherey-Nagel NucleoSpin®RNA filter (spin column) in new collection tube and 

centrifuged at 11,000 g for 30 seconds. The spin columns were put into new collection 

tube and 350 μL Membrane Desalting Buffer (MDB) was applied to spin columns. The 

columns were centrifuged again at 11,000 g for 1 minute. DNase reaction mixture was 

prepared by 10 μL reconstituted rDNase was mixed with 90 μL Reaction Buffer for 

rDNase. Then, 95 μL DNase reaction mixtures were added directly to center of silica 

membrane of the spin columns. The columns were incubated at room temperature for 15 

minutes. After incubation time completed, 200 μL Buffer RAW2 was added to columns 

and columns were centrifuged at 11,000 g for 30 seconds. Thus, Buffer RAW2 

inactivated the rDNase. Columns were put into new collection tube and 600 μL Buffer 

RA3 was added into each column. Columns were centrifuged at 11,000 g for 30 

seconds. After centrifuge, 250 μL Buffer RA3 was added to columns and columns were 

centrifuged again at 11,000 g for 2 minutes.  

 Columns were put into nuclease-free tubes for elution. 50 μL RNase-free water 

was applied to each column and columns were incubated at room temperature for 5 

minutes and then, columns were centrifuged at 11,000 g for 1 minute. Thus, Total 

RNAs were eluted.  
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 After RNA isolation, RNAs were quantified by NanoDrop ND1000 

Spectrometer, Thermo Fischer, USA.  The ratio between the absorbance values at 260 

nm and 280 nm (A
260

/A
280

) determines the nucleic acid purity. Generally, pure RNA 

have a ratio of ~2.0. 

 If RNAs do not use in PCR directly, RNAs can be stored at -80 C. 

 

 

2.2.11.2. Conversion of Total RNA to cDNA by Reverse Transcriptase 

Reaction 

 

  

 Total RNAs from luteolin treatedSD-1 cells were converted to cDNA through 

Thermo Scientific RevertAid Reverse Transcriptase Kit, USA. Based on the 

manufacturer’s manual, reaction was performed in two steps. 

 Step 1: Template RNA and primers were added into nuclease-free tube on ice as 

indicated order in Table 2.4. Tubes were centrifuged briefly and incubated at 65 °C for 

5 min in Applied Biosystem PCR machine, USA. 

 

Table 2.4. Components of first step of cDNA conversion reaction. 
 
Components Final Concentration Volume 

Template RNA (Total RNA) 1 μg It was calculated based on the 
RNA ratio in per μL 

Primer (Random hexamer) 0,2 μg (100 pmol) 1 μL 

DEPC- treated water  to 12,5 μL 

Total Volume:                                                                                    12,5 μL 

  

 Step 2: After incubation, 7,5 μL of master mix (Table 2.5) was added into each 

tube on ice and mixed gently, centrifuged briefly. Based on the manifacturer’s manual, 

tubes were incubated at 25 °C for 5 minutes followed by incubation at 42 °C for 60 

minutes. The termination reaction was performed at 70 °C for 10 min. 

 If cDNAs do not use in qRT-PCR directly, cDNAs should be stored at -20 °C.  
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Table 2.5. Master Mix of step 2 of cDNA conversion reaction. 

Components Final Concentration Volume 

5X Reaction Buffer 1 X 4 μL 

Thermo Scientific™ RiboLock RNase Inhibitor 20 U 0,5 μL 

dNTP Mix (10 mM each) 1 mM each 2 μL 

RevertAid Reverse Transcriptase  200 U 1 μL 

Total Volume:                                                                                                       20 μL 

 

 

2.2.11.3. Detection of Expression Levels of Bioactive Sphingolipid 
Genes by Quantitative Real-Time PCR (qRT-PCR) 
 

  

 Before Quantitative Reverse Transcriptase Reaction (qRT-PCR) was performed, 

gradient PCR and agarose gel electrophoresis had performed to understand annealing 

temperature of each primer. After determination of annealing temperature of each 

primer, qRT-PCR was performed to determine the effects of luteolin on expression 

levels of CERS 1, CERS 2, CERS 4, CERS 5, CERS6, SK-1, and SK-2 genes through 

Thermo Scientific DyNAmo HS SYBR Green qPCR Kits, USA. Beta actin was used as 

positive internal control. Based on the manufacturer’s manual, 18 μL of master mix 

(Table 2.6) was prepared and added into 96-well-plate qRT-PCR plate on ice as 

indicated. 2μL of cDNA was put into 96-well plate directly. Then, based on the PCR 

conditions of each primer, qRT-PCR was performed for each gene (Table 2.6-2.10).  

 

Table 2.6. Components of master mix for qRT-PCR. 

Components Final Concentration Volume 

2X Master mix 1X 10 μL 

Forward Primer 0.3 μM 0,6 μL 

Reverse Primer 0.3 μM 0,6 μL 

Template DNA <10 ng/μL 2 μL directly put into 96-well plate. 

Nuclease free water Up to 20 μL 6,8  μL 

Total Volume:                                                                                         20 μL 
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Table 2.7. qRT-PCR Conditions of CERS 1, CERS5, and GCS. 

 Temperature Time Cycle 

Initial Denaturation 95 C 15 minutes 1 cycle 

Denaturation 94 C 10 seconds  

40 cycles Annealing 50 C 20 seconds 

Extension 72 C 30 seconds 

 

Melting Curve 

95 C 1 minutes  

1 cycle 55 C 2 minutes 

95 C Continuous 

Cooling 40 C 10 minutes 1 cycle 

 

Table 2.8. qRT-PCR Conditions of CERS 2, CERS 4 and Beta actin. 

 Temperature Time Cycle 

Initial Denaturation 95 C 15 minutes 1 cycle 

Denaturation 94 C 10 seconds  

40 cycles Annealing 52 C 20 seconds 

Extension 72 C 30 seconds 

 

Melting Curve 

95 C 1 minutes  

1 cycle 57 C 2 minutes 

95 C Continuous 

Cooling 40 C 10 minutes 1 cycle 

 

Table 2.9. qRT-PCR Conditions of CERS 3 and CERS 6. 

 Temperature Time Cycle 

Initial Denaturation 95 C 15 minutes 1 cycle 

Denaturation 94 C 10 seconds  

40 cycles Annealing 60 C 20 seconds 

Extension 72 C 30 seconds 

 

Melting Curve 

95 C 1 minutes  

1 cycle 65 C 2 minutes 

95 C Continuous 

Cooling 40 C 10 minutes 1 cycle 



44 
 

Table 2.10. qRT-PCR Conditions of SK-1 and SK-2. 

 Temperature Time Cycle 

Initial Denaturation 95 C 15 minutes 1 cycle 

Denaturation 94 C 10 seconds  

40 cycles Annealing 58 C 20 seconds 

Extension 72 C 30 seconds 

 

Melting Curve 

95 C 1 minutes  

1 cycle 63 C 2 minutes 

95 C Continuous 

Cooling 40 C 10 minutes 1 cycle 

 

 During the experiment Roche LightCycler480, Switzerland qRT-PCR machine 

was used. 

 

 

2.2.12. Western Blotting Analyses 
 

 

 Western blotting was performed to determine the effects of luteolin on SK-1, 

SK-2, and GCS protein levels in SD-1 cells. GAPDH was used as protein loading 

control.  

 

 

2.2.12.1. Total Protein Isolation   
 

 

 Total proteins were isolated from luteolin exposed SD-1 cells. Firstly, SD-1 cells 

were seeded into 100 mm petri dishes as 0,3X106 cells/mL. Petri dishes were exposed 

0-,10-,20-, and 40 μM of luteolin and incubated at 5% CO
2
, 37 °C in CO

2 
incubator 

(Thermo Scientific, USA) for 48 hours. 

 After incubation, cells were collected from each petri to desired falcons and 

centrifuged at 1000 rpm for 10 minutes. After centrifugation, supernatants were 

discarded and pellets were dissolved in 1X PBS. Contents were carried into 1,5 mL 
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eppendorf and centrifuged again at 1000 rpm for 10 minutes. After centrifugation, 

supernatant was discarded and cell pellet was dissolved in lysis buffer (10 mM Tris-HCl 

+ 1 mM EDTA + 0,1% TritonX).  

 If content use in western blotting directly, content was centrifuged at 14000 rpm 

for 20 minutes at 4°C, supernatant carry to new eppendorf carefully and use in BCA 

assay. If content does not use western blotting directly, it can be stored at -80 °C until 

using in western blotting.  

 

 

2.2.12.2. Determination of Protein Concentration by Bicinchoninic 
Acid (BCA) Assay 
 

 

 Total protein concentration was determined by using Pierce BCA Protein Assay 

Kit, Thermo Scientific, USA. According to manufacturer’s protocol, each sample from 

cell lysate preparation were diluted as 1:10 ratio by using 2,5 μL samples + 22,5 μL 

sterile dH2O. 10 μL was taken from diluted content and was put into 96-well plate with 

two replicates. At the same time, Bovine Serum Albumin (BSA) standards were 

prepared from BSA 2 mg/mL main stock (shown in Table 2.11) and 10 μL of each one 

was put into 96-well plate as well.  

 

Table 2.11. Preparation of BSA standards. 

Bovine Serum Albumin 

Standards (BSA) 

Volume of BSA main stock 

(2 mg/mL) (μL) 

Volume of dH2O (μL) 

2 mg/mL 25 0 

1,5 mg/mL 18,75 6,25 

1 mg/mL 12,5 12,5 

0,75 mg/mL 9,38 15,62 

0,5 mg/mL 6,25 18,75 

0,25 mg/mL 3,13 21,87 

0  mg/mL 0 25 
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The BCA working reagent was prepared as 1:50 dilution using Copper (II) 

Sulfate and Bicinchoninic Acid Reagent, respectively. 200 μL BCA mixture was put 

into each samples in 96-well plate. All process was performed at room temperature. The 

96-well plate was incubated at 5% CO
2
, 37 °C in CO

2 
incubator (Thermo Scientific, 

USA) for 30 minutes.  After incubation completed, the well plate was read in microplate 

reader (Multiskan Go, Thermo Scientific, USA) at 595 nm. According to absorbance 

value of BSA standards, a graph was drawn to calculate the total protein concentration 

as μg/μL.  

 

 

2.2.12.3. SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
 

   

 According to standard curve of BCA assay, 40 μg total protein was taken from 

each 0-, 10-, 20-, and 40 μM luteolin treated SD-1 cells and was diluted in lysis buffer 

up to 15 μL. Then, 5 μL of 4X Laemmli Buffer containing β-mercaptoethanol as 1:10 

dilution ratio was added into protein-lysis buffer mixture. As a consequence of dilution, 

total protein amount of all samples ready for loading is 40 μg in 20 μL. Before loading 

the protein samples SDS-PAGE cassette, samples were denaturated at 95 ºC for 10 

minutes in Dry Block Heating temperature. After denaturation completed, samples were 

spin-down shortly before using in SDS-PAGE. 

In order to separate the proteins, Bio-Rad 10% TGX Stain Free FastCast 

Acrylamide Kit was used. According to manifacturer’s gel preparing manual, resolver 

(separating) gel and stacker (collecting) gels of SDS-PAGE were prepared. 

3 ml of Resolver A solution and 3 ml of Resolver B solution were mixed in 15 

mL falcon tube and 500 μL was taken from mixture to 1.5 ml Eppendorf tube for 

sealing gel preparation. 10 μL of 10% APS and 1 μL of TEMED were added into 

eppendorf tube, respectively. As a consequence of that TEMED increases the 

polymerization of gel, sealing gel pour immediately within two glasses of WB System, 

which is already assembled. 30 μL of 10% APS and 3 μL of TEMED was added into 

the remaining resolver A and B mixture. Then, 5 mL mixture was poured immediately 

to WB system. For preparing of stacker gel, 1 mL of Stacker A solution and 1 mL of 

Stacker B solution into 15 ml of falcon tube. 10 μL of 10% APS and 2 μL of TEMED 
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were added to the mixture. WB system was filled immediately with this mixture and 10 

wells comb (1 mm comb; Well width: 5.08 mm) were inserted. SDS-PAGE gel was 

allowed polymerization for 30 minutes. 

After polymerization, the gel was placed into the Mini Tank of WB which was 

fulfilled with 1X Bio-Rad (Tris/Glycine/SDS) running buffer until the company 

recommended line. After 10 wells comb was removed carefully, 5 μL of the Euro-Clone 

Prestained Standard protein marker and 20 μL of the protein samples were loaded into 

the desired wells. Finally, the gel was run at 100 V for 90 minutes to separate the 

proteins.  

 

 

2.2.12.4. Transfer of Proteins from Polyacrylamide Gel to PVDF 
Membrane 
 

 

Following protein separation through SDS-PAGE, proteins were transferred 

from gel to Bio-Rad PVDF membrane by using Bio-Rad Trans-Blot Turbo Transfer 

System. Firstly, the PVDF membrane was incubated in absolute methanol to activate 

those for 5 minutes and two transfer stacks were washed with 1X Transfer Buffer at the 

same time. The first transfer stack was put into the cassette of blotting device and the 

active PVDF membrane was placed on the transfer stack. Then, SDS-PAGE gel was 

taken from glasses of WB system carefully and placed onto the PVDF membrane. 

Lastly, the second transfer stack was put onto the gel carefully. All steps were 

performed in wet condition by 1X Transfer Buffer and both the stacks and gel became 

smooth by a cylindrical tube to remove bubbles in each step. The cassette was locked 

with its cover and placed to Bio-Rad’s Trans-Blotting device. The blotting was started 

to transfer whole proteins from gel to PVDF membrane under conditions which are 

constant 1.3 miliampher (mA), 25 voltage (V) for 15-20 minutes at room temperature.  

After blotting of whole proteins, the membrane was blocked in either 5%non-fat 

dry milk or BSA in 0.1% 1X TBS-Tween20 at room temperature for 60 minutes under 

shaking conditions. The membrane was washed with 0.1% 1X TBS-Tween20 for 10 

minutes at room temperature under shaking conditions. Then, the membrane was 

incubated with primary antibodies of interested proteins at 4ºC for overnight under 

shaking conditions. The properties of each antibody were shown in Table 2.2 in detail.  
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2.2.12.5. Detection of Desired Proteins by Specific Antibodies  
 

 
 After overnight incubation of membrane with primary antibody, the membrane 

was washed in 0.1% 1X TBS-Tween20 for 10 minutes at room temperature under 

shaking conditions for three times. Then, the membrane was incubated with secondary 

antibody of primary antibody at room temperature for 2 hours under shaking conditions. 

The properties of each secondary antibody for interested proteins were shown in Table 

2.2. Following the incubation of membrane with secondary antibody, the membrane 

was washed with0.1% 1X TBS-Tween20 for 10 minutes at room temperature under 

shaking conditions three times.  

 The protein of interest was visualized by using ClarityTM Western ECL 

Substrate.  100 μL of ECL Solution A and 100 μL of ECL Solution B was mixed in an 

Eppendorf tube. At the same time, the tray of the fusion machine was prepared to take 

the proper view of the membrane. Then, the membrane was placed into this tray and the 

air bubbles were removed with the help of a tip. The prepared visualizing solution was 

poured onto the protein of interest based on the molecular weights which were 

determined by the marker protein weight as kD. After that, the tray was placed into the 

Fusion machine immediately and the view of the marker was snapped. Following the 

chemoillumisence light application to the membrane for a time period, the view of 

antibody-bound desired proteins was taken.    

 After detection of proteins of interest, the membranes were washed with 0.1% 

1X TBS-Tween20 for 10 minutes at room temperature under shaking conditions and 

then incubated with GAPDH antibody as an internal control at 4ºC for overnight under 

shaking conditions. The steps mentioned above were repeated for GAPDH antibody 

visualization.  

 

 

2.2.13. Statistical Analysis 
 

 

 The GraphPad Prism 7.0 was used for both statistical analysis and drawing 

graphs. Statistical analysis was done using paired t-test to compare the control and 

experiments while one-way Anova was used for comparison of all set, p<0.05: *, 
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p<0.01: **, p<0.001: *** were accepted significant. The error bars represent the 

standard deviations. The error bars are not seen when they are smaller than the thickness 

of the lines on the graphs. Experiments were performed as three different experiments 

(n=3). 
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CHAPTER 3 
 

 

RESULTS AND DISCUSSION 
 

 

3.1. Dose and Time Dependent Cytotoxic Effects of Luteolin on SD-1, 

HCC1937 BL and BEAS-2B Cell Lines  
 
 
 The cytotoxic effect of increasing concentration of luteolin (0-, 5-, 10-, 20-, 30-, 

40-, 50-, and 100 μM) on SD-1, HCC1937 BL and BEAS-2B cell lines were determined 

by using MTT assay. Normal lymphoblast HCC1937 BL cell line and normal epithelial 

lung BEAS-2B cell line were used to determine the cytotoxic effect of luteolin on 

healthy cells and compared to Ph positive ALL cells. Based on the graphs, the IC values 

were determined. 

 MTT results showed that luteolin has cytotoxic effects on SD-1 cells both for 

24- and 48 hours (Figure 3.1.A) in a dose dependent manner. IC50 value of luteolin on 

SD-1 cells was determined as 17.67 μM.  

 On the other hand, luteolin also has dose dependent cytotoxic effect on 

HCC1937 BL cell line. However, there was a significant difference between 24- and 48 

hours trails (Figure 3.1.B). In 24 hour trail, HCC1937 BL cells are more proliferative 

than 48 hour trail. Luteolin has more cytotoxic effects of on SD-1 cells as compared to 

HCC1937 BL cell lines. IC50 value of Luteolin for HCC1937 BL cells was determined 

as 27.20 μM.  

 In addition, the cytotoxic effect of luteolin on BEAS-2B cell line for 48 hours 

was determined. As shown in Figure 3.1.C, increased luteolin concentration decreases 

the proliferation of BEAS-2B cells but not as much as SD-1 and HCC1937 BL cell lines 

(Figure 3.1.C). There was no significant decrease in proliferation of BEAS-2B cells 

even in the highest concentration of luteolin (100 μM) as compared to both SD-1 and 

HCC1937 BL cells (Figure 3.1.C). IC50 value of BEAS-2B could not be determined 

due to that the viability of BEAS-2B cells was more than 50% even during 100 μM 

luteolin application.  
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Figure 3.1. The dose and time dependent anti-proliferative effects of luteolin on  
 A. SD-1, B. HCC1937 BL, and C.BEAS-2B cell lines. Experiments were 

performed as three different experiments (n=3). Statistical analysis was 
done using paired t-test, p<0.05:*, p<0.01: ** were accepted significant. 
The error bars represent the standard deviations. The error bars are not seen 
when they are smaller than the thickness of the lines on the graphs. 
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 Figure 3.1 indicated that increasing concentration of luteolin has cytotoxic effect 

on SD-1 cells and HCC1937 BL cells in a time and dose dependent manner while the 

luteolin was more effective on proliferation of SD-1 cells than HCC1937 BL cells. In 

contrast, there was no significant change determined for BEAS-2B cell proliferation. 

These data was in agreement with the literature since several studies also showed 

cytotoxic effects of luteolin on several cancer types including leukemia.  

 For instance, Lim et al, showed that luteolin inhibits the proliferation of JAR and 

JEG-3 human placental choriocarcinoma cells. They applied the luteolin as 0-, 5-, 10-, 

20-, 50-, and 100 μM and almost all doses of luteolin significantly decreased the 

viability of both cell lines (Lim et al., 2016). Another study showed that application of 

luteolin as 0-, 20-, 40-, 60-, 80-, and 100 μM, cell proliferation and growth significantly 

decreased in esophageal carcinoma cells (P. Chen et al., 2017). Recently, it was shown 

that the proliferation of non-small cell lung cancer cells was suppressed by different 

concentrations of luteolin (Yu et al., 2019).  

 Taken together all these studies performed in different cancer types support the 

cytotoxic effect of luteolin on SD-1 cell lines. 

 

 

3.2. The Effect of Luteolin on Viability of SD-1, HCC1937 BL and 

BEAS-2B Cell Lines 
 
 
 Following the determination of the cytotoxic effect of luteolin on SD-1, 

HCC1937 BL and BEAS-2B cells, dose dependent effect of luteolin on cell viability of 

SD-1, HCC1937 BL and BEAS-2B cells was determined by trypan-blue dye exclusion 

method.  

 Following application of increasing concentrations of luteolin (0 to 100 μM) for 

48 hours onto cells, cell numbers of each cell types were determined.  

 Normal lymphoblast HCC1937 BL cell line and normal epithelial lung BEAS-

2B cell line were used to determine the effect of luteolin on viability of healthy cells 

and compared to Ph positive ALL, SD-1 cells.  

 Figure 3.2.A shows increasing luteolin doses gradually decreases the cell 

viability of SD-1 cells (Figure 3.2.A) and similar results were observed for HCC1937 

BL cells (Figure 3.2.B). 
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Figure 3.2. The dose and time dependent effect of luteolin on cell viability of A. SD-1, 
B. HCC1937 BL, and C. BEAS-2Bcell lines. Experiments were performed 
as three different experiments (n=3). Statistical analysis was done using 
paired t-test to compare the control and experiments while one-way Anova 
was used for comparison of all, p<0.05: *, p<0.01: **, p<0.001: *** were 
accepted significant. The error bars represent the standard deviations.  
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 However, the viability of SD-1 cells is minute amount at 100 μM luteolin 

exposure (Figure 3.2.A) while HCC1937 BL cells were still alive (Figure 3.2.B). On the 

other hand, the viability of BEAS-2Bcells were slightly decreased, however these 

decreases are not significant as compared to control cells (Figure 3.2.C). When the cell 

viability of SD-1 cells comparing to BEAS-2B cells viability, a remarkable difference 

between the viability of cells can be observed. 

 Taken together all these data revealed that luteolin has significant cytotoxic 

effects on both cell proliferation and viability of SD-1 cells as compared to normal 

BEAS-2B epithelial lung cells. Although, the MTT and trypan blue results of HCC1937 

BL were similar to results of SD-1 cells, even a little difference was observed between 

them. SD-1 cells are affected from luteolin as compared to both healthy cell lines, 

HCC1937 BL and BEAS-2B. Decreasing cell viability after luteolin treatment on SD-1 

cell line, it was revealed that luteolin has cytotoxic effect on several cancer types 

including leukemia.  

 A study showed that application of luteolin as 0-100 μM, cell proliferation and 

growth significantly decreased in esophageal carcinoma cells (P. Chen et al., 2017). 

Lim et al, showed that luteolin inhibits the cell proliferation in human placental 

choriocarcinoma cells. They applied the luteolin as 0-100 μM and almost all doses 

(except control) of luteolin significantly decrased the viability of both cell lines (Lim et 

al., 2016). A study showed that luteolin has little cytotoxic effect on healthy cell lines as 

compared to human hepatocellular carcinoma cells in dose dependent manner (Im et al., 

2018).Taken together all these studies performed in different cancer types support not 

only anti-proliferative and cytotoxic effect of luteolin on SD-1 cell linesbut also low 

cytotoxicity of luteolin on healthy HCC1937 BL and BEAS-2B cells. 

 

 

3.3. Apoptotic Effect of Luteolin on SD-1 Cell Line  
 
 
 Furthermore, the apoptotic effect of different concentration of luteolin (0-, 10-, 

20-, and 40 μM) on SD-1 cells for 48 hours was determined by AnnexinV-PI double 

staining by flow cytometry. In this experiment, X axis represents Annexin-FITC 

channel while Y axis represents PI channel. The quadrants show alive or dead cells as a 

consequence of binding of dyes as their properties.  
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 The Q3 quadrant shows the percentage of viability of cells, 89,2%, 76,2%, 

64,7% and 38,0% was found for control, 10-, 20-, and 40 μM luteolin exposed SD-1 

cells, respectively. The increasing concentration of luteolin enhances the apoptosis 

which is represented by Q2 and Q4 (Figure 3.3).  

  

 
 

 

 
 

Figure 3.3. Apoptotic effect of luteolin on SD-1 cells in different concentration for 48 
hours was determined by Annexin-PI double staining by flow cytometry. 
Experiments were performed as three different experiments (n=3). 
Statistical analysis was done using paired t-test to compare the control and 
experiments while one-way Anova was used for comparison of all, p<0.05: 
*, p<0.01: **, p<0.001: *** were accepted significant. The error bars 
represent the standard deviations.  
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 As compared to untreated control cells (Figure 3.3.A), 10 μM luteolin 

application increased the percentage of apoptosis as 12.3% (Figure 3.3.B). Besides, 

percentage of apoptosis was increased from 9.7% to 32% when the 20 μM luteolin was 

applied (Figure 3.3.C). Moreover, the apoptosis rate was significantly increased from 

9.7% to 60.4% in 40 μM luteolin-treated SD-1 cells (Figure 3.3.D).   

  In Figure 3.3.E, statistical analysis of three independent experiments was 

shown. The increased apoptosis rate by step-wise increasing concentration of luteolin is 

statistically significant. As a result, the graph demonstrated that percentage of apoptosis 

of SD-1 cells exposed to different concentration of luteolin based on the statistical 

analysis of three independent experiments. Luteolin significantly enhances apoptosis in 

SD-1 cell line in different concentrations (Figure 3.3.E).  

 The result of apoptotic effect of luteolin on SD-1 Ph positive ALL cells was 

expected due to that several studies indicated that luteolin has cytotoxic effect on 

several cancer types including leukemia. For instance, Lim et al showed that luteolin 

induces apoptosis in JAR and JEG-3 human placental choriocarcinoma cells in a dose 

dependent manner. According to their AnnexinV-PI staining 10-, and 20 μM luteolin 

significantly increased the apoptosis in these cell lines (Lim et al., 2016). 

 Another study showed that following application of luteolin, apoptosis is 

enhanced through activating caspase-3 in esophageal carcinoma cells EC1 and 

KYSE450 in a dose dependent manner (P. Chen et al., 2017). Previous studies showed 

that luteolin also has apoptotic effect on leukemias. For instance, according to Cheng 

AC et al., luteolin increases the caspase-dependent apoptosis in HL-60 acute 

premyeloblastic leukemia cells in a dose dependent manner (Cheng, Huang, Lai, & Pan, 

2005). Taken together all these studies performed in different cancer types support the 

apoptotic effect of luteolin on SD-1 cell lines. 

 

 

3.4. The Effect of Luteolin on Mitochondrial Membrane Potential of 

SD-1 cells  
 
 
 Loss of mitochondrial membrane potential (MMP) of SD-1 cells in response to 

step-wise increasing luteolin concentrations (0-, 10-, 20-, and 40 μM) for 48 hours was 

determined by JC-1 mitochondrial membrane potential assay by flow cytometry. 
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According to results increased concentration of luteolin changes the mitochondrial 

membrane potential which is marker of mitochondrial cell death.    

 

 
 

 

 
 

Figure 3.4. Loss of mitochondrial membrane potential of SD-1 cells after applying 
different concentration of luteolin for 48 hours. Experiments were 
performed as three different experiments (n=3). Statistical analysis was 
done using paired t-test to compare the control and experiments while one-
way Anova was used for comparison of all, p<0.05: *, p<0.01: **, p<0.001: 
*** were accepted significant. The error bars represent the standard 
deviations. The error bars are not seen when they are smaller than the 
thickness of the lines on the graphs.  

 

 Compared to control cells (Figure 3.4.A) which are not exposed to luteolin, 10 

μM luteolin applications double the percentage of loss of mitochondrial membrane 
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potential (Figure 3.4.B) while the cell viability of control cells and 10 μM luteolin 

exposed cells are 90.2% and 81,5%, respectively. Next, loss of mitochondrial 

membrane potential of SD-1 cells is increased from 9,8% to 35.5% when 20 μM 

luteolin was applied (Figure 3.4.C). Furthermore, the cell viability of SD-1 cells were 

45,9% at 40 μM dose while the dead cells found as 54.1% (Figure 3.4.D). 

 Consequently, the loss of mitochondrial membrane potential of SD-1 cells 

gradually increased when the luteolin applied as step-wise increasing concentrations. 

The graph shows the percentage of loss of mitochondrial membrane potential of SD-1 

cells according to the statistical analysis of three independent experiments (Figure 

3.4.E).   

 Loss of mitochondrial membrane potential significantly increased in SD-1 cells 

when luteolin was exposed. This data supports the AnnexinV-PI double staining results 

of SD-1 cells. The results in Ph positive ALL cells, SD-1 cell line, was expected due to 

that several studies indicated that luteolin has apoptotic effect on several cancer types 

including leukemia. For instance, Lim et al, showed that luteolin induces the apoptosis 

in JAR and JEG-3 human placental choriocarcinoma cells in dose dependent manner. 

According to their JC-1 mitochondrial membrane potential assay 10 and 20 μM luteolin 

significantly increased the loss of MMP in the JEG-3 cell lines while 5, 10 and 20 μM 

luteolin significantly increased the loss of MMP in JAR cells (Lim et al., 2016). 

Another study showed that application of luteolin significantly decreased mitochondrial 

membrane potential of esophageal carcinoma cells in dose dependent manner (P. Chen 

et al., 2017). Previous study showed that luteolin decreases the mitochondrial 

membrane potential in acute premyeloblastic leukemia HL-60 cells after 1,5 hours 

(Cheng et al., 2005).  

 

 

3.5. The Cytostatic Effects of Luteolin on SD-1 Cells  
 

 Furthermore, the effect of luteolin on cell cycle event of SD-1 cells after 

applying step-wise increasing luteolin concentrations (0-, 10-, 20-, and 40 μM) for 48 

hours was determined by PI staining by flow cytometry. According to results increased 

concentration of luteolin promotes the cell cycle arrest.  
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 56.18%, 7.63% and 36.19% of control cells were in G1 phase, G2 phase and S 

phase (Figure 3.5.A)while 10 μM luteolin applications enhances the cell cycle arrest at 

G1 stage with 62.75% and at G2 phase with 10.88% (Figure 3.5.B). 

 Next, the cell cycle of 20 μM luteolin exposed SD-1 cells is arrested at G2 phase 

with 16.75% while the cells at G1 and S phase with 61.92% and 21.32%, respectively 

(Figure 3.5.C).   

 

 
 

 

 
 

Figure 3.5. Cytostatic effect of luteolin on SD-1 cells for 48 hours was determined by 
cell cycle arrest assay (PI staining) by flow cytometry. Experiments were 
performed as three different experiments (n=3). The error bars represent the 
standard deviations. The error bars are not seen when they are smaller than 
the thickness of the lines on the graphs.  
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 Furthermore, SD-1 cells were arrested at S phase of cell cycle with 43.62%, at 

G1 and G2 phase with 46.09% and 10.29% (Figure 3.5.D) after 20 μM luteolin 

application for 48 hours. As a consequence of three independent experiments, luteolin 

enhances the cell cycle arrest in SD-1 cells in a dose dependent manner. The graph 

demonstrates the percentage of phases in cell cycle (Figure 3.5.E).  

 The cell cycle arrest because of the luteolin application in SD-1 Ph positive ALL 

cells, it was expected due to the fact that several studies indicated that luteolin has 

cytostatic effect on several cancer types including leukemia. A study showed that 

luteolin induced the cell cycle arrest in esophageal carcinoma cells EC1 and KYSE450 

in dose dependent manner. The cell population of EC1 and KYSE450 arrested at G2/M 

phase while decreased at S phase. (P. Chen et al., 2017).  

 Recently it was shown that when the luteolin applied as 20-, 40-, and 80 μM, 

luteolin induces cell cycle arrest at G2/M phase in non-small cell lung cancer (Yu et al., 

2019). Another study demonstrated that 10-, and 30 μM luteolin application blocks the 

cell cycle progression in MDA-MB-231 breast cancer cell lines (L. Huang, Jin, & Lan, 

2019). Taken together all these studies performed in different cancer types support the 

cytostatic effect of luteolin on SD-1 cell lines.  

 

 

3.6. The Expression Levels of CERS1 Gene in SD-1 Cells in Response 

to Different Concentrations of Luteolin 
 

 

 Following determination of cytotoxic, apoptotic and cytostatic effects of luteolin 

on SD-1 cells, the role of bioactive sphingolipids genes in therapeutic potential of 

luteolin on SD-1 cells was determined by using qRT-PCR. Experiments were performed 

as two different experiments (n=2). Beta actin gene was used as internal control to 

normalize the expression level of CERS 1-6, SK-1 and SK-2 genes The error bars 

represent the standard deviations. The error bars are not seen when they are smaller than 

the thickness of the lines on the graphs.  

 Figure 3.6 showed that, 10-, and 20 μM luteolin application on SD-1 cells for 48 

hours gradually increased the expression level of CERS1 gene as compared to SD-1 

control cells (Figure 3.6). 
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Figure 3.6. The expression level of CERS1 gene. Experiments were performed as two 
different experiments (n=2). Beta actin gene was used as internal control. 
The error bars represent the standard deviations. The error bars are not seen 
when they are smaller than the thickness of the lines on the graphs.  

  

 Although there is no study showed the effect of luteolin on CERS genes 

expression, it has been known that increased CERS1 expression and its product C18-

ceramide related to apoptosis in different cancer types (Baran et al., 2007; Camgoz et 

al., 2011; Koybasi et al., 2004; Ponnusamy et al., 2010; Senkal et al., 2007). This result 

was expected as a consequence of our previous study showed that LASS1 gene 

expression increased in resveratrol induced-apoptosis in HL60 cells (Cakir et al., 2011). 

 

 

3.7. The Expression Levels of CERS2 Gene in SD-1 Cells in Response 

to Different Concentrations of Luteolin 
  

 

 Figure 3.7 shows that the expression level of CERS2 gene is increased as 

approximately 50% in 10 μM luteolin exposed cells while CERS2 expression is slightly 

decreased by increasing of luteolin to 20 μM, however, both 10 μM and 20 μM luteolin 

application enhanced the CERS2 gene expression in SD-1 cells compared to control 

cells. 

 Although there is no study showed the effect of luteolin on CERS genes 

expression, this result was expected as a consequence of our previous study that showed 

LASS2 gene expression increased in resveratrol induced-apoptosis in HL60 cells (Cakir 

et al., 2011). Each ceramide chain are produced by different CERS genes and they play 
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role in different signaling pathway in different types of cells, this increment in CERS2 

expression in luteolin exposed cells can be obtained or following the increased luteolin 

application the signaling pathways related to CERS2 gene might be activated. 

 

 
 

Figure 3.7. The expression level of CerS2 gene. Experiments were performed as two 
different experiments (n=2). Beta actin gene was used as internal control. 
The error bars represent the standard deviations. The error bars are not 
seen when they are smaller than the thickness of the lines on the graphs.  

  

 

3.8. The Expression Levels of CERS4 Gene in SD-1 Cells in Response 

to Different Concentrations of Luteolin 
 

 

 The Figure 3.8 indicated that expression level of CERS4 is gradually increased 

in different concentration of luteolin exposed cells. In the 20 μM luteolin exposed SD-1 

cells, the expression level of CERS4 was increased 1.5 times higher than expression 

levels in control cells, however, the increment in CERS4 expression level in 10μM 

luteolin exposed SD-1 cells was approximately 50% compared to control cells. 

 Although there is no study showed the effect of luteolin on CERS genes 

expression, it has been known that ceramide synthase 4 was highly expressed and 

promoted the cell proliferation in liver cancer cells and tissues. Moreover, suppression 

of CERS4 gene expression result in cell cycle arrest at G0/G1 phase and suppression of 

development of liver tumor through regulating NF-kB (J. Chen et al., 2017).  

 This result was expected as a consequence of our previous study showed that 

LASS4 gene expression increased in resveratrol which is a flavonoid induced-apoptosis 
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in HL60 cells (Cakir et al., 2011). This increment in CERS4 expression in luteolin 

exposed SD-1 cells after 48 hours application might be obtained by the signaling 

pathways related to CERS4 gene might be activated or downregulated following the 

increased luteolin application. 

 

 
 
Figure 3.8. The expression level of CerS4 gene. Experiments were performed as two 

different experiments (n=2). Beta actin gene was used as internal control. 
The error bars represent the standard deviations. The error bars are not 
seen when they are smaller than the thickness of the lines on the graphs.  

 

  

3.9. The Expression Levels of CERS5 Gene in SD-1 Cells in Response 

to Different Concentrations of Luteolin 
 

. 

 
 
Figure 3.9. The expression level of CERS5 gene. Experiments were performed as two 

different experiments (n=2). Beta actin gene was used as internal control. 
The error bars represent the standard deviations. The error bars are not seen 
when they are smaller than the thickness of the lines on the graphs.  



64 
 

 The Figure 3.9 shows that the expression level of CERS5 gene significantly 

increased in both 10 μM and 20 μM luteolin exposed SD-1 cells (Figure 3.9).In the 20 

μM luteolin exposed SD-1 cells, the expression level of CERS5was increased 

approximately10-fold higher than expression levels in control cells, however, the 

increment in CERS5 expression level in 10 μM luteolin exposed SD-1 cells was 

approximately 5-fold higher compared to control cells. 

 Although there is no study showed the effect of luteolin on CERS genes 

expression, this result was expected as a consequence of our previous study showed that 

LASS5 gene expression increased in resveratrol which is a flavonoid induced-apoptosis 

in HL60 cells (Cakir et al., 2011) 

 

 

3.10. The Expression Levels of CERS6 Gene in SD-1 Cells in Response 

to Different Concentrations of Luteolin 
 

  

 
 

Figure 3.10. The expression level of CERS6 gene. Experiments were performed as two 
different experiments (n=2). Beta actin gene was used as internal control. 
The error bars represent the standard deviations. The error bars are not 
seen when they are smaller than the thickness of the lines on the graphs.  

 

 The Figure 3.10 shows that after 48 hours luteolin application the expression 

level of CERS6 gene did not significantly changed in 10 μM luteolin exposed cells 

however, 20 μM luteolin application slightly decreased the expression level of CERS6 

gene compared to control cells (Figure 3.10). 
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 According to recent studies, CERS6 is highly expressed and related to poor 

prognosis and drug resistance in different cancer cells (S. Li et al., 2018; Uen et al., 

2018; Verlekar et al., 2018) and considered as a target for treatment (Fekry, 

Esmaeilniakooshkghazi, Krupenko, & Krupenko, 2016). 

 

 

3.11. The Expression Levels of SK-1 Gene in SD-1 Cells in Response to 

Different Concentrations of Luteolin 

 

 

 Figure 3.11 demonstrated that following 48 hours of luteolin application, the 

expression level of SK-1 gene was not changed in 10-,  and 20 μM luteolin treated cells. 

SK-1 can be considered as a target for treatment of different types of cancer since 

increased levels of SK-1 and SK-2 were shown to be related with cell proliferation, 

survival, growth and drug resistance (Lu et al., 2017; Pchejetski et al., 2005; Sobue et 

al., 2008; Zheng et al., 2019).  
 

 
 

Figure 3.11. The expression level of SK-1 gene. Experiments were performed as two 
different experiments (n=2). Beta actin gene was used as internal control. 
The error bars represent the standard deviations. The error bars are not 
seen when they are smaller than the thickness of the lines on the graphs.  

 
 Although there is no study showing the effect of luteolin on SK-1 gene 

expression, this result was expected as a consequence of our previous study showing 

that SK-1 gene expression decreased in resveratrol induced-apoptosis in HL60 cells 
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(Cakir et al., 2011). On the other hand, Abdel Hadi et al., showed that luteolin 

application decreased SK-1 activity in colon cancer cells (Abdel Hadi et al., 2015). 

 
 

3.12. The Expression Levels of SK-2 Gene in SD-1 Cells in Response to 

Different Concentrations of Luteolin 

 

 
 Figure 3.12 demonstrated that the expression level of SK-2 gene was fluctuated 

depending on the concentrations. Therefore, the increment in expression level of SK-2 

gene in 10-, and 20 μM luteolin treated SD-1 cells probably due to that the activation of 

different pathways which affect to SK-2 activity during the cell death of SD-1 cells. 
 

 
 

Figure 3.12. The expression level of SK-2 gene. Experiments were performed as two 
different experiments (n=2). Beta actin gene was used as internal control. 
The error bars represent the standard deviations. The error bars are not 
seen when they are smaller than the thickness of the lines on the graphs. 

 
 
 SK-2 can be considered as a target for treatment of different types of cancer 

since increased levels of SK-1 and SK-2 were shown to be related with cell proliferation, 

survival, growth and drug resistance (Lu et al., 2017; Pchejetski et al., 2005; Sobue et 

al., 2008; Zheng et al., 2019). Therefore, fluctuation in SK-2 gene expression was 

expected after luteolin application for 48 hours. SK-1 and SK-2 genes activate the 

related-signaling pathways. 
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3.13. The Protein Levels of SK-1 in SD-1 Cells in Response to Different 

Concentrations of Luteolin 
 

 

 Figure 3.13 demonstrated that the protein levels of SK-1 significantly decreased 

in 10 μM luteolin treated cells after 48 hours. Although the protein level of SK-1 was 

also decreased after 20 μM luteolin application for 48 hours, the change was not 

statistically significant. There is no study showing the effect of luteolin on protein level 

of SK-1 in leukemias. SK-1 gene expression was decreased in resveratrol induced-

apoptosis in HL60 cells (Cakir et al., 2011) as well as Abdel Hadi et al, showed that 

after luteolin application SK-1 activity decreased in colon cancer cells (Abdel Hadi et 

al., 2015).  

 

 
 
Figure 3.13. The protein level of SK-1 gene. Experiments were performed as three 

different experiments (n=3). GAPDH was used as internal control. 
Statistical analysis was done using paired t-test to compare the control 
and experiments while one-way Anova was used for comparison of all, 
p<0.05: *, p<0.01: **, p<0.001: *** were accepted significant. The error 
bars represent the standard deviations.  

 

 

3.14. The Protein Levels of SK-2 in SD-1 Cells in Response to Different 

Concentrations of Luteolin 
 

 

 As shown in Figure 3.14 the changes in protein level of SK-2 in both 10 μM and 

20 μM luteolin treated SD-1 cells was not statistically significant. However the protein 
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level of SK-2 decreased slightly after 10 μM luteolin application while increased 

slightly after 20 μM luteolin application.  

 

 
 
Figure 3.14. The protein level of SK-II gene. Experiments were performed as three 

different experiments (n=3). GAPDH was used as internal control. 
Statistical analysis was done using paired t-test to compare the control and 
experiments while one-way Anova was used for comparison of all, p<0.05: 
*, p<0.01: **, p<0.001: *** were accepted significant. The error bars 
represent the standard deviations.  

 

 

3.15. The Protein Levels of GCS in SD-1 Cells in Response to Different 

Concentrations of Luteolin 

 

 
 

Figure 3.15. The expression level of GCS gene. Experiments were performed as three 
different experiments (n=3). GAPDH was used as internal control. The 
error bars represent the standard deviations. Statistical analysis was done 
using paired t-test to compare the control and experiments while one-way 
Anova was used for comparison of all, p<0.05: *, p<0.01: **, p<0.001: 
*** were accepted significant. The error bars represent the standard 
deviations.  
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 As shown in Figure 3.15 the changes in protein level of GCS in both 10 μM and 

20 μM luteolin exposed SD-1 cell was not statistically significant. However the protein 

level of GCS increased slightly after 10 μM and 20 μM luteolin application. There is no 

study showing the effect of luteolin on protein level of GCS. It was shown before that 

GCS gene expression was decreased in resveratrol treated HL60 cells (Cakir et al., 

2011). 
 

 

3.16. Cytotoxic Effects of Luteolin on Imatinib Resistant SD-1 Cells  
  

 

 The cytotoxic effect of increasing concentration of luteolin (0-, 5-, 10-, 20-, 30-, 

40-, 50-, and 100 μM) on SD-1 imatinib resistant cell lines were determined by using 

MTT assay. As a consequence of the MTT results, luteolin has a dose dependent 

cytotoxic effects on SD-1 imatinib resistant cells (Figure 3.12). IC50 value of luteolin 

on SD-1 cells was determined as 50 μM.  

 .  

 
 

Figure 3.16. The dose dependent anti-proliferative effect of luteolin on SD-1 imatinib 
resistant SD-1R cells. Experiments were performed as two different 
experiments (n=2). The error bars represent the standard deviations. The 
error bars are not seen when they are smaller than the thickness of the lines 
on the graphs. 

 
 It has been documented; luteolin does not only reverse drug resistance but also 

enhance the therapeutic effects of chemotherapeutic drugs on several cancer cells 

including ovarian cancer (H. Wang et al., 2018) (Dia & Pangloli, 2017), colorectal 
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carcinoma (Jang et al., 2019) and human hepatocellular carcinoma cells (H. Xu et al., 

2016). Therefore, the result of cytotoxic effect of luteolin on imatinib-resistant SD-1R 

cells was expected 

 

 

3.17. The Effect of Luteolin on Imatinib Resistant SD-1 Cell Viability 
 

 

The effect of increasing concentration of luteolin on viability of SD-1 imatinib 

resistant cell lines was determined by using trypan-blue dye exclusion method. 

Following 48 hours application of increasing concentrations of imatinib (0-, 5-, 10-, 20-, 

30-, 40-, 50-, and 100 μM) to cells, cell numbers of each cell types were determined.  

 Following step-wise application of luteolin concentrations, the cell viability of 

SD-1 cells resistant to 10 μM imatinib was significantly decreased (Figure 3.17). This 

result supports the cytotoxic effect of increasing concentration of luteolin on SD-1 

imatinib resistant cell lines (Figure 3.16).  

 

 
 

Figure 3.17. The dose dependent effect of luteolin on viability of SD-1 imatinib 
resistant (SD-1R) cells. Experiments were performed as two different 
experiments (n=2). Statistical analysis was done using paired t-test to 
compare the control and experiments while one-way Anova was used for 
comparison of all, p<0.05: *, p<0.01: **, p<0.001: *** were accepted 
significant. The error bars represent the standard deviations. The error 
bars are not seen when they are smaller than the thickness of the lines on 
the graphs.   
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3.18. Cytotoxic Effects of Imatinib on SD-1 Cells 
  

 

 Before determining the therapeutic potential of combination of imatinib and 

luteolin for SD-1 cells, the cytotoxic effect of increasing concentration of imatinib (0-, 

1-, 5-, 10-, 20-, and 50 μM) on SD-1 cell lines was determined by using MTT assay.  

   

 
 

Figure 3.18A. The dose dependent anti-proliferative effect of imatinib on SD-1 cells. 
Experiments were performed as two different experiments (n=2). The 
error bars represent the standard deviations. The error bars are not seen 
when they are smaller than the thickness of the lines on the graphs. 

 
 

 As a consequence of the MTT results, imatinib had dose dependent cytotoxic 

effects on SD-1 cells for 48 hours (Figure 3.18A). IC50 value of imatinib on SD-1 cells 

was determined as 18 μM.   

 Previous studies demonstrated that tyrosine kinase inhibitor, imatinib, has 

cytotoxic effects on CML and ALL cell lines. According to a study, IC50 value of 

imatinib on SD-1 cell line was determined as more than 10 μM (Quentmeier, Eberth, 

Romani, Zaborski, & Drexler, 2011).  Thus, the result of cytotoxic effect of imatinib on 

SD-1 cell line was supported. 

 Next, we confirmed that the cytotoxic effect of imatinib on SD-1 cell line 

(Figure 3.18A) through determining the effect of increasing concentration of imatinib 

on viability of SD-1 cell lines by using trypan-blue dye exclusion method. Following 48 

hours increasing imatinib application (0-1-5-10-20-50 μM) to cells, cell numbers of 

each cell types were determined.  
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 After 48 hours imatinib application, the cell viability of SD-1 cells were 

significantly decreased (Figure 3.18B). 5 μM imatinib decreased the cell viability of 

SD-1 cells as approximately 50%. The result of the cytotoxic effect of imatinib on SD-1 

cell viability confirmed that the MTT result of Figure 3.18A. 

 

 
 

Figure 3.18B. The dose dependent effect of imatinib on viability of SD-1 cells. 
Experiments were performed as two different experiments (n=2). 
Statistical analysis was done using paired t-test to compare the control 
and experiments while one-way Anova was used for comparison of all, 
p<0.05: *, p<0.01: **, p<0.001: *** were accepted significant. The 
error bars represent the standard deviations. The error bars are not seen 
when they are smaller than the thickness of the lines on the graphs.  

 

 Previous study demonstrated that the tyrosine kinase inhibitor, imatinib has 

cytotoxic effect on CML and ALL cell lines. According to a study, IC50 value of 

imatinib on SD-1 cell line was determined as more than 10 μM (Quentmeier et al., 

2011).  Thus, the result of cytotoxic effect of imatinib on SD-1 cell line was supported. 

 

 

3.19. Cytotoxic Effect of Imatinib and Luteolin Combination on SD-1  
 

 

 The cytotoxic effect of increasing concentration of luteolin (0-, 10-, 20-, 30-, 40-

and 50 μM) and imatinib combination (0-, 1-, 2-, 3-, 4-, and 5 μM or 0-, 0.5-, 1-, 1.5-, 2- 

and 2.5 μM) on SD-1 cell lines was determined by using MTT assay. Based on the 

graphs the IC value was determined.  
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 Our preliminary data demonstrated that luteolin and imatinib combination as 

1:10 and 1:20 ratio (Imatinib:Luteolin) had cytotoxic effect on SD-1 cells following 48 

hours exposure (Figure 3.19). IC50 value of imatinib and luteolin combination on SD-1 

cells was determined as combination of 10 μM luteolin + 1 μM imatinib.  

 

 
 

Figure 3.19. The effect of combination of imatinib-luteolin on SD-1 cells. The error 
bars represent the standard deviations. The error bars are not seen when 
they are smaller than the thickness of the lines on the graphs.  

 

 In a study, cells were treated with combination of luteolin and 5-FU as 10:1 dose 

ratio and cytotoxic, apoptotic and cytostatic effects of the combination were determined. 

According to their results, the luteolin has synergistic anti-tumor effect with5-FU 

through apoptosis induction in hepatocellular carcinoma (H. Xu et al., 2016).  

 In light of this study, we will further analysis the therapeutic potential of the 

imatinib and luteolin combination.  
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CHAPTER 4 
 

 

CONCLUSION 
 

 

 ALL is a hematologic malignancy is characterized by increased level of 

immature lymphoblasts in bone marrow and peripheral blood. In the process of 

leukemogenesis; the development of lymphoblasts are genetically/epigenetically 

inhibited. One of the most common genetic abnormalities in ALL is BCR/ABL 

translocation which regulates the several pathways related to proliferation, anti-

apoptotic and drug resistance through its aberrant tyrosine kinase activity. Although the 

current treatment strategies include targeting BCR/ABL; complete remission, overall 

survival and mortality of Ph+ ALL patients are still poor as compared to Ph- ALL 

patients. Therefore, new strategies combined with current treatments have vital 

importance for Ph+ ALL patients who are classified as high-risk group of ALL.  

 Bioactive sphingolipids which are a class of lipids in cancer have been 

investigated in wide range.  Since bioactive sphingolipids regulates several very 

important biological processes in cells, they are considered as therapeutic target. In 

addition to chemotherapeutic drugs, inhibitors or analogs of bioactive sphingolipids 

have been investigated for new cancer treatment strategies. Besides, some studies 

showed that flavonoids contribute the bioactive sphingolipids-based cell death or 

inhibition of cell proliferation in cancer cells. Only one study showed that luteolin 

induces apoptosis through increasing endogenous ceramide levels in colon cancer cells. 

Moreover, luteolin has been shown to inhibit both expression and activity levels of SK-

1 and -2 resulting in the reduction of S1P (Abdel Hadi et al., 2015).   

 Based on these studies in the literature, we hypothesized that luteolin could have 

anti-proliferative and apoptotic effects on Philadelphia chromosome positive acute 

lymphoblastic leukemia cells. Besides, luteolin might be regulating bioactive 

sphingolipids genes and induce apoptosis through affecting the expression levels of 

bioactive sphingolipid genes for its mechanism which strengthen therapeutic potential 

of luteolin.   
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 We found that increasing concentration of luteolin has cytotoxic effect on SD-1 

cells and HCC1937 BL cells by a time and dose dependent manner. However, luteolin 

was more effective on proliferation of SD-1 cells compared to HCC1937 BL cells. In 

contrast, there is no significant change determined in proliferation of healthy BEAS-2B 

cells. Moreover, the apoptotic effects of luteolin on SD-1 cells were also determined 

and the results were in agreement with each other and demonstrated that increasing 

concentrations of luteolin enhances the apoptosis in SD-1 cells. 

 Furthermore, cytostatic effect of luteolin on SD-1 cells were determined and we 

found that luteolin caused to cell cycle arrest at G2 phase while the cells were arrested 

at S phase in response to higher concentration of luteolin.  

 In order to determine the changes in bioactive sphingolipids genes in luteolin 

treated SD-1 cells, mRNA and protein levels of the genes were determined. According 

to qRT-PCR results following 48 hours application of luteolin in different dose, the 

expression levels of CERS genes increased except for CERS6 gene. On the other hand, 

luteolin did not change the expression level of sphingosine kinase 1 (SK-1) gene. On the 

other hand, the expression level of sphingosine kinase 2 (SK-2) gene fluctuated 

depending on the dose of luteolin. Furthermore, western blotting results showed that 

after 48 hours of luteolin exposure, the protein levels of SK-1 significantly decreased 

while the changes in protein levels of SK-2 and GCS were not statistically significant. 

Our results in line with the study by Abdel Hadi et al, which showed that luteolin 

induced apoptosis in colon cancer cells through increasing endogenous ceramide levels 

and decreasing SK-1 and SK-2 activity (Abdel Hadi et al., 2015).  

 In addition to determination of therapeutic potential of luteolin for SD-1 cells 

and the roles of bioactive sphingolipids genes in this therapeutic potential, we further 

investigated the therapeutic potential of luteolin for imatinib-resistant SD-1 cells (SD-

1R) generated in our lab. We also tested therapeutic potential of luteolin and imatinib 

combination for SD-1 cells. Our preliminary data showed that luteolin might have anti-

cancer effects on imatinib resistant SD-1R cell line. Likewise, luteolin and imatinib 

combination show a potential synergistic effect on SD-1 cells. Therapeutic potential of 

both luteolin for SD-1R and combination of luteolin-imatinib for SD-1 cells will be 

determined. 

 Here, for the first time, cytotoxic, apoptotic and cytostatic effects of luteolin on 

Philadelphia chromosome positive acute lymphoblastic leukemia cells were determined 

by this study. Moreover, the roles of bioactive sphingolipids genes in the therapeutic 
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potential of luteolin on Ph positive ALL cells were investigated for the first time as 

well. Luteolin enhanced the apoptosis rate in SD-1 cells by increasing ceramide 

synthase genes in mRNA level and decreased SK-1protein level as schemed in Figure 

4.1.  

 

 

 

Figure 4.1. Luteolin has therapeutic potential for Ph positive ALL cells. Increasing level 
of CERS genes expression and decreasing SKI protein level contribute to 
luteolin-induced apoptosis in SD-1 cells. 

 

 For future studies, luteolin will be investigated step by step for Ph positive ALL 

patients from bench to clinic. The underlying mechanisms related to therapeutic 

potential should be investigated before determining pharmacokinetic, 

pharmacodynamic, genotoxicity analyses of luteolin. Studying on patient samples 

and/or in vivo studies might be helpful to understand the therapeutic potential of luteolin 

as a chemotherapeutic drug for Ph positive ALL patients in clinic.  

 

 
 

Figure 4.2.The steps luteolin might have investigated from bench to clinic. 
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