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ABSTRACT 

 

BCL6 is a transcriptional repressor essential for germinal centre formation and regulation 

of lymphocyte function, differentiation and survival. The deregulation in the expression of this gene 

is associated with the development of B-cell lymphomas. This deregulation is frequently caused by 

genetic modifications like translocations or point mutations and recently it has been demonstrated 

that epigenetic mechanisms are also involved. Histone deacetylases (HDAC) are important targets 

for epigenetic treatment in cancer cells. Romidepsin is a HDAC inhibitor used in cutaneous T-cell 

lymphoma treatment but possible effects in B-cells lymphoma are not known in detail.  

In the present study, we analyzed the effects of Romidepsin on the proliferation, 

differentiation and death of different human B-cell lymphoma cells lines as well as its effects on 

BCL6 expression. Cytotoxic effect of Romidepsin was found in some cells lines, while others were 

resistant to high doses of Romidepsin. Depending on the cell line, treatment with this drug induces 

cell cycle arrest in G0/G1 phase, apoptosis and/or differentiation to plasma cells. Interestingly, 

these effects were accompanied with increased expression of cell cycle inhibitors and BCL6 mRNA 

and protein downregulation. 
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1. INTRODUCTION 

 

1.1.   B-cell development and lymphomagenesis 

B-cells are produced from bone marrow hematopoietic stem cells. When naïve B cells are 

activated by an antigen, they are recruited into the follicles within the lymph nodes and they start to 

proliferate and to generate the germinal centre (Bonilla and Oettgen, 2010). Germinal centre 

consists in two zones, the dark and the light zones. The first one contains hyperproliferative B cells 

that suffer somatic hypermutation. B-cells of the light zone are not proliferative and, if they interact 

with follicular dendritic cells, they will be selected and differentiate to plasma cells or memory cells. 

The somatic hypermutation that B-cells suffer in germinal centre predisposed to the formation of 

malignances (Vinuesa et al, 2009). 

Non-Hodgkin lymphomas (NHL) are a heterogeneous group of malignances derived from 

lymphocytes. B-cell NHL includes Burkitt lymphoma (BL), chronic lymphocytic leukemia/small 

lymphocytic lymphoma (CLL/SLL), diffuse large B-cell lymphoma (DLBCL), follicular lymphoma, 

immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma, and mantle cell 

lymphoma. Despite improvements in diagnostic and therapeutic procedures, NHLs still represent a 

significant cause of morbidity and mortality. The processes involved in lymphomagenesis are not 

fully understood, but deregulated expression of various proto-oncogenes is observed, often as the 

result of chromosomal translocations leading to promoter substitution and constitutive gene 

expression. For example, deregulated expression of the BCL6 oncogene is one of the most 

common genetic abnormalities in lymphomas and is detected in virtually all types of lymphomas 

derived from the germinal centre (Onizuka et al., 1995). 

Lymphomas also accumulate alterations in cell proliferation and cell cycle control. 

Inactivation or down-regulation of several tumor suppressor pathways like p16INK4a-cyclin D- 

CDK4-Rb, p14ARF-MDM2-p53-p21CIP1 and p27KIP1-cyclin E-CDK2 confer a proliferative 

advantage to tumor cells (Sánchez-Beato et al., 2003). 

 

1.2.   BCL6 gene, protein and function 

The BCL6 gene is located on chromosome 3q27 and spans 26 Kb (Kerckaert et al., 1993). 

The gene contains 10 exons and alternative splicing can generate two different mRNAs depending 

if the exon 1B is included or not (Kawamata et al., 1994). The ATG signal to initiate the translation 

is located in the exon 3. The first intron and non-coding exon 1 are highly conserved and contain 
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many regulatory elements. This region frequently displays genetic alterations in lymphomas 

(Kikuchi et al., 2000). 

The BCL6 gene encodes for a 95kDa protein (706 amino acids). BCL6 is a transcriptional 

repressor composed of different functional domains: an N-terminal BTB/POZ domain and six 

fingers (ZF) DNA binding motifs at the C-terminal. The middle portion of BCL6 has three PEST 

domains for the modulation of protein stability and activity (Figure 1.1) (Basso and Dalla-Favera, 

2012). 

 

 

Figure 1.1: BCL6 gene and protein. (Top) Schematic representation of the BCL6 gene. 

BCL6 is located in chromosome 3q27 and contains 10 exons. The non-coding exons are 

represented in pink and coding exons in red. (Bottom) Schematic representation of the 

BCL6 protein. BCL6 gene encodes for a 706 amino acids protein composed of the three 

functional domains BTB ⁄ POZ, PEST, and ZF. Figure taken from Basso and Dalla-

Favera, 2012. 

 

BTB domain is required for the repressive activity of BCL6. This domain interacts with 

different co-repressors like N-Cor or S-Cor, and recruits the histone deacetylase complexes for 

transcriptional repression (Lemercier et al., 2002). ZF domains can recognize specific regulatory 

DNA sequences. 

BCL6 is essential for the formation of mature germinal center B-cells and the maintenance 

of these cells in this status. BCL6 regulates several genes with a variety of functions (Figure 1.2) and 

is present in numerous pathways involved in the normal germinal centre formation. BCL6 target 

genes are involved in: i) cell cycle arrest (p27Kip1, Cyclin D1 and D2); ii) apoptosis (BCL2); and iii) 

response to DNA damage (p53) among others (Jardin et al., 2007). One of the most important 
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functions of BCL6 is inhibition of the B-lymphocyte-induced maturation protein 1 or BLIMP1 

(PRMD1), a transcriptional repressor essential for plasma cell differentiation (Crotty et al., 2010). 

 

 

 

Figure 1.2: BCL6 interacting proteins and target genes. The scheme shows BCL6 

protein and its interactions. BCL6 directly interacts with several proteins via the 

POZ/BTB, PEST and the ZF domain. The main BCL6 target genes are indicated. Figure 

taken from Jardin et al., 2007 

 

1.2.1.   BCL6 deregulation 

Genetic alterations in the BCL6 gene cause deregulated expression of this gene in different 

B-cell lymphomas. A 3q27 translocation is present in the 20-40% of diffuse large B-cell lymphoma 

(DLBCL), in 15% of follicular lymphoma (FL) and in many B-cell lymphomas (Bastard et al., 1994). 

These translocations often cluster in a 4 kb region known as the major translocation cluster (MTC) 

which spans the first non-coding exon and the 5´region of the first intron (Figure 1.3) (Albagli-

Curiel, 2003). The consequence of these translocations is a promoter substitution which causes 

deregulated BCL6 expression (Ye et al., 1995). 

Others alterations associated with BCL6 expression are point mutations spanning the first 

non-coding exon and clustering the 5´region of the first intron have been found in about 10% of 

DLBCL. These mutations increase BCL6 mRNA expression by altering BCL6 autoregulatory site 

(Figure 1.3) (Pasqualucci et al., 2003). 
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Figure 1.3: Genetic alterations affecting BCL6 gene in B-cell lymphoma. First exon 

and intron region is targeted by chromosomal translocations and mutations. Translocations 

cause promoter substitution and BCL6 deregulated expression. Point mutations have been 

identified in regions associated with BCL6 autoregulatory circuit. Figure based in Basso and 

Dalla-Favera, 2012. 

 

Although genetic alterations have an important role in BCL6 regulation there are cases in 

which deregulated BCL6 expression cannot be explained. Our group has recently demonstrated 

that epigenetic mechanisms play an important role in BCL6 regulation (Battle et al, 2013, 

submitted). 

 

1.3.   Epigenetic and chromatin structure  

Epigenetic is known as heritable changes in gene expression that not altered the primary 

DNA sequence. Chromatin modifications are the most important epigenetic mechanisms. 

Chromatin is a macrostructure of DNA and histone proteins. It is formed of repeating 

units of nucleosomes, consisting of 146 bps of DNA wrapped around an octamer of two units of 

the histones H2A, H2B, H3 and H4, adyacent nucleosomes are connected by a short stretch of 

DNA (Luger et al., 1997). Modulation of chromatin structure is one fundamental way of regulating 

DNA accessibility during processes such as gene transcription. 
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1.3.1.   Epigenetic mechanisms in normal cells 

Epigenetic mechanisms that modify chromatin structure can be divided in four groups: 

DNA methylation, histone modifications, nucleosome remodeling and non-coding RNAs including 

micro RNAs. These modifications regulate the functioning of the genome, altering chromatin 

structure, regulating its compactness. 

DNA methylation refers to the methylation of cytosines residues in CpG dinucleotides 

which are concentrated in short CpG rich DNA sequences called CpG islands and regions of large 

repetitive sequences. CpG islands are located near coding sequences in almost the 60% of human 

gene promoters and in normal cells, approximately 4% of the cytosines are methylated (Wang and 

Leung, 2004). DNA methylation uses a variety of mechanisms to silence genes and non-coding 

genomic regions (Suzuki and Bird, 2008). The DNA methylation is controlled by three DNA 

methyltransferases (DNMT). 

Histones proteins have a globular C-terminal domain and an unstructured N-terminal tail 

(Luger et at., 1997). The N-terminal tails can suffer post-translational covalent modifications such 

as methylation, acetylation, phosphorylation, ubiquitylation and sumoylation. These modifications 

regulate important processes for normal cell function like transcription, replication and repair 

(Kouzarides, 2007). 

 

 

 

 Figure 1.4: Epigenetic mechanisms in normal cells. Packed inactive chromatin is 

characterized by the presence of repressive histone marks and hypermethylation of CpG 

islands. In contrast, the presence of active histone marks lead to gene transcription. 

Different epigenetic drugs and their targets are also represented.  
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Histone modifications can lead the activation or repression of the transcription by the 

change between packed DNA and exposed DNA. For example, trimethylation of H3K9 

(H3K9me3) and H3K27 (H3K27me3) are histone modifications present in gene promoters that are 

transcriptionally repressed. In contrast, trimethylation of H3K4 (H3K4me3) or acetylation of H3 

and H4 are correlated with transcriptionally active gene promoters (Kouzarides et al., 2007) (figure 

1.4).  

Histone modifications are regulated by diverse enzymes that add or remove the 

modifications. Histone acetyltransferases (HATs) and histone deacetyltrasferases (HDACs) add and 

remove acetyl groups respectively, whereas, histone methyltransferases (HMTs) and histones 

demethylases (HDMs) add and remove methyl groups respectively. 

Nucleosome remodeling and changes in histones proteins with histones variants like H3.3 

and H2A.Z are important in the chromatin structure and how it regulates genes expression by 

altering the accessibility of regulatory sequences to transcription factors (Jiang and Pugh, 2009). 

Nucleosome-free regions (NFRs) at the 5´and 3´ends of genes are important sites where 

transcription machinery acts. The loss of a nucleosome upstream of the transcription start site is 

related with gene activation. However, the presence of a nucleosome in a transcription start site 

provokes gene repression (Shivaswamy et al., 2008).  

miRNAs are small non-coding RNAs that regulate gene expression by the 

posttranscriptional silencing of genes. Their expression can be regulated by epigenetic 

modifications and miRNAs can modulate epigenetic mechanisms by targeting enzymes responsible 

of histones modifications and DNA methylation (Fabbri et al., 2007). 

 

1.3.2. Epigenetic changes in cancer 

Epigenetic alterations result in a global deregulation of gene expression, promoting 

tumorogenesis by the activation of oncogenes, silencing of tumor suppressor genes and the cell 

ability to proliferate uncontrollably. Cancer cells are characterized by global changes in DNA 

methylation, histone modification patterns and altered expression of chromatin modifying enzymes 

(Egger et al., 2004). 

Cancer initiation and progression are accompanied by changes in DNA methylation like 

global hypomethylation of DNA and hypermethylation of promoter CpG islands. DNA 

hypomethylation increased genomic instability and activates proto-oncogenes. In addition, 

hypermethylation contributes to tumorogenesis by silencing tumor suppressor genes, cell cycle 

genes, cell adhesion and apoptosis genes. DNA hypermethylation can also silence genes by 

silencing transcription factors and DNA repair genes (Jones and Baylin, 2002). 
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Cancel cells are characterized by the deregulation of histone methyltransferases (HMTs), 

histone demetylases (HDMs), the over-expression of histone deacetylases (HDACs) and a global 

reduction of histone acetyltransferases (HATs). HDACs and HATs alterations are produced by 

over-expression, mutations or translocations of their genes. Cancer cells have revealed a global loss 

of acetylation that results in gene repression and in a packed chromatin (Fraga et al., 2005). Changes 

in methylation like loss of H3K4me3 and gain of H3K9me and H3K27me3 is caused by over-

expression of HMTs and this results in an aberrant silencing of tumor suppressor genes (Nguyen et 

al., 2002). 

 

1.4.   Epigenetic therapy of cancer 

In contrast to genetic alterations, epigenetic modifications are potentially reversible. The 

aim of epigenetic therapy is to revert epigenetic alterations and to restore the “normal epigenome”. 

For this reason, therapy with chromatin-modifying drugs that modified DNA and histones has 

enormous potential for the treatment of cancer. 

DNA methyltransferases and histone deacetylases are the most studied targets for 

epigenetic treatment in cancer (Figure 1.4). 

 

1.4.1.    DNA methyltransferases inhibitors (DNMTi) 

DNMTi inhibits DNA hypermethylation and induce gene expression. ´The most studied 

DNMTi are 5-azacytidine (5-aza-CR) and 5-aza-2´-deoxycytidine (5-aza-CdR) which are nucleoside 

analogs that can incorporate into the DNA of tumor cells during replication and inhibit DNA 

methylation by blocking the DNA methyltransferases (Egger et al., 2004). The treatment with these 

drugs induces hypomethylation and causes growth inhibition in cancer cells by activating tumor 

suppressor genes that were aberrantly silenced (Yoo et al., 2006). 5-azacytidine and 5-aza-2´-

deoxycytidine are approved for the FDA for the treatment of myelodysplastic syndromes. 

Non-nucleoside analogs are also studied for cancer treatment. These molecules can inhibit 

DNA methyltransferases without being incorporated into DNA. They block catalytic sites of 

DNMT or produce downregulation of DNA methyltransferases expression (Egger et al., 2004). 
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1.4.2. Histone deacetylases inhibitors (HDACi) 

HDAC regulates histone acetylation in chromatin but also acetylation of many proteins 

involved in tumor progression, cell cycle control, apoptosis, angiogenesis and cell invasion (Marks, 

2010). All these functions make HDCAs important targets for epigenetic treatment. 

The response to HDACi depends, in part, on the nature of the HDACi, on the 

concentration and time of exposure, and on the cellular context. Histone deacetylases inhibitors 

have been designed to interfere with the catalytic domain of HDACs, blocking the recognition of 

their substrate and keeping the histones acetylated. HDACi are potent anti-proliferative agents and 

restore the expression of genes aberrantly silenced (Figure 1.5). 

Depending on the cellular context HDAC inhibitors may induce cell cycle arrest by the 

induction of cell cycle regulators like Cyclin-dependent Kinases (CDK) inhibitors p21WAF1/CIP1 and 

p27KIP1. Also, HDACi can transcriptionally repress cyclin D and cyclin A genes that results in the 

loss of CDK2 and CDK4 kinase activity (Marks, 2010). 

HDAC inhibitors can also induce apoptosis in some cancer cells by the increase or 

decrease of proapoptotic and antiapoptotic genes. HDACi has the ability to affect angiogenesis, cell 

invasion and metastasis and their immune-modulatory activity (Marks, 2010). 

 

 

Figure 1.5: Effects of Histone deacetylases inhibitors. HDAC inhibitors keep histones 

acetylated and restore gene expression. HDAC inhibitors are able to restore biological 

effects on cancer cell. Figure taken from Ververis et al., 2013. 
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Many clinical trials of HDAC inhibitors are currently in progress. HDAC inhibitors are 

divided in basis of their chemical structure: short chain fatty acid, cyclic peptides, benzamides and 

hydroxamic acids. Vorinostat is a potent HDAC inhibitor that belongs to hydroxamic acid class and 

the first HDACi approved for the FDA for the treatment of cutaneous T-cell lymphoma. 

Romidepsin is a cyclic peptide also approved for the FDA for the treatment of cutaneous T-cell 

lymphoma. 

Some of these compounds selectively block specific classes of HDACs, while some have a 

broader spectrum of activity and therefore inhibit several classes of HDACs 

 

1.4.3. Romidepsin: a Histone Deacetylase Inhibitor 

Romidepsin, also known as Dipsipeptide and FK228, is a novel, natural bicyclic 

tetrapeptide. Its chemical formula is C24H36N4O6S2. (Figure 1.6a). 

Romidepsin was isolated from Chromobacterium violaceum. Reduced form (Figure 1.6b) is the 

active drug but is hydrophilic and unstable in vivo. Romidepsin penetrates tumor cell membrane 

and enters the cytoplasm, there it is activated through reduction of the disulfide bond by 

glutathione, resulting in a monocyclic dithiol (Furumai et al., 2002). 

 

 

Figure 1.6: Structures of Romidepsin. A) Normal form. B) Reduced form. Figure taken 

from VanderMolen et al., 2011 

 

The reduced form inhibits HDAC1 and HDAC2 (class I) enzymes more strongly than 

HDAC4 and HDAC6 (class II). Romidepsin inhibits the removal of acetyl groups from the 

residues (commonly lysines) of N-terminal tails maintaining a more open chromatin which permits 

gene transcription (Furumai et al., 2002). 
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Depending of the cell type, Romidepsin can act in a numerous biological pathways, 

aberrantly modified in cancer. It can provoke cell cycle arrest by the over-expression of cyclin-

dependent kinases inhibitors. Romidepsin also causes mitotic arrest by the formation of aberrant 

mitotic spindles. In some cases, Romidepsin leads to hyper-acetylation of death receptor promoters 

and promotes apoptotic cell death (VanderMolen et al., 2001).  

HDACs can also deacetylate non-histone substrates like transcription factors (p53), cell 

cycle proteins (Rb) and chaperone proteins (Hsp90). Romidepsin increases their post-translational 

acetylation (VanderMolen et al., 2001). 

Romidepsin also has anti-angiogenic effects. An increased of HDAC activity suppresses 

anti-angiogenic and induces angiogenic genes. Romidepsin inhibits hypoxia-induced angiogenesis 

(VanderMolen et al., 2001).  

It has been investigated in several clinical trials involving patients with hematological 

malignancies such as CML, AML, MDS, multiple myeloma, CTCL and PTCL. 

Romidepsin was approved by the Food and Drugs Administration (FDA) in November of 

2009 with the commercial name of Istodax (Celgene Corporation) for the treatment in patients with 

cutaneous T-cell lymphoma (CTCL), but potential effects in B-cell lymphoma are not known in 

detail. 
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1.5.   PREVIOUS RESULTS AND AIMS 

 

Previous results of our group have recently shown BCL6 epigenetic regulation in B-

lymphoma cells. Presence of active histone marks like the histone H3 dimethylated in lysine 4 

(H3K4me2) and especially histone acetylation as H3ac on BCL6 promoter were observed in BCL6 

expressing germinal centre cell lines associated with its expression. On the contrary, in non-

expressing BCL6 cells a predominant enrichment of repressive histone marks like histone H3 

trimethylaed in lysine 9 (H3K9me3) or in lysine 27 (H3K27me3) were found (Battle et al., 2013 

submitted). 

 

Romidepsin is a histone deacetylase inhibitor (HDACi) used in cutaneous T-cell lymphoma 

treatment (FDA approved in 2009) and several studies have been performed in T- cell lymphomas. 

However, its potential effects in B-cell lymphoma are largely unknown. 

 

The aims of this work are the following: 

1) Deregulated expression of HDACs results in gene repression of important genes 

involved tumor progression, cell cycle control and apoptosis. HDAC inhibitors have 

been designed to block HDAC and keep histone acetylation. The first aim of the 

present work is to study the effects of the histone deacetylase inhibitor Romidepsin 

on cell proliferation, cell cycle and cell death in several lymphoma B cell lines of 

different origins. 

 

2) BCL6 is essential for the formation of mature germinal center and it regulates the 

expression of several genes involved in normal cell functions. Deregulated expression 

of BCL6 is associated with genetic alterations but also with epigenetic mechanisms. 

The second aim of this study is to analyze the effect of Romidepsin on BCL6 

expression. 

 

3) BCL6 plays an important role in plasma dell differentiation by the inhibition of 

BLIMP1 transcription factor. The third aim of this work is to study the potential 

effect of Romidepsin on plasma cell differentiation and its relation with BCL6 

expression. 
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2. MATERIALS AND METHODS 

 

2.1.   Cell lines culture 

B-cell lymphoma cell lines were grown in RPMI-1640 (LONZA) supplemented with 10% 

fetal calf serum (FCS) (LONZA), 150 μg/ml of gentamycin (Lab. Normon) and 2 μg/ml of 

ciprofloxacin, and maintained at 37º C in a humidified 5% CO2 atmosphere. Table 2.1 provides a 

list of cell lines used in this study. 

 

Table 2.1: B-cell lymphoma cell lines used.  

Name Origin BCL6 expression 

Raji Burkitt´s lymphoma Positive 

Ramos Burkitt´s lymphoma Positive 

DG75 Burkitt´s lymphoma Positive 

Mutu III Burkitt´s lymphoma Negative 

Bjab B-cell lymphoma Positive 

 

 

2.2.  Epigenetic treatment 

The Histone Deacetylase Inhibitor, Romidepsin, was provided by Celgene. Stock was 

diluted in dimethyl sulfoxide (DMSO) and stored at -20ºC. 

In order to study the effects of this drug, cells were treated with several concentrations for 

different times depending on the experiment and cell line (Figure 2.2). 
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Figure 2. 2: Scheme of the different experiments realized with Mutu III, Ramos and 

Raji cell lines. Cells were incubated with Romidepsin for several times. Different analyses 

were performed in each time as indicated.  

 

2.3.  Metabolic activity and cell counting 

Metabolic activity was measured using WST-1 method (Roche) which allows the 

quantification of the number of viable cells by the cleavage of tetrazolium salt WST-1 (4-[3-(4-

lodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate) to formazan dye. 

Cells were cultured without or with 1, 5 or 10nM of Romidepsin for 24, 48 and 72 h. Cells 

were grown in a T96 plate (100 µl/well) and incubated with 10 µl of the WST-1 reagent for 3-4 

hours. After this period, the absorbance was read at 405 nm in a multiwell spectrophotometer. 

Cell counting and cell viability was measured using the Guava ViaCount reagent (Millipore) 

which contains two DNA binding dyes, a membrane-permeant dye stains all nucleated cells and a 

membrane-impermeant dye stains only damaged cells.  

Cells were cultured with 0, 2 or 5 nM of Romidepsin for 24, 48, 72 or 96 h depending on 

the experiment. 180 μl of Guava Reagent were added to 20 μl of the sample and were analyzed with 

Guava ViaCount Software. 

 

2.4.  Cell cycle analysis 

Cell cycle measurement was carried out using propidium iodide staining. 1x106 cells were 

harvested and washed with phosphate-buffered saline (PBS). Cells were fixed with cold ethanol 

(70%) and incubate at room temperature for 30 minutes. A second wash was performed with PBS 

and cells were resuspended in 0.5 ml PBS-citrate Na-BSA containing 200 µg/ml RNase and 10 
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µg/ml propidium iodide. The samples were incubated at 37 ° C in the dark for 30 minutes. The 

analysis was performed by flow cytometry (FACSDiva cytometer). The analysis was performed in 

linear scale for cell cycle experiments. 

 

2.5.  Apoptosis study 

Annexin V-PE Apoptosis detection Kit (Immunostep) was used for the detection of 

apoptotic cells. Cells were treated with 0, 2 or 5 nM of Romidepsin at 24 and 48 h. 

1·105 cells were harvest, washed with PBS and resuspended in 100μl of Annexin V Binding 

Buffer (10mM Hepes/NaOH, pH 7,4. 140mM NaCl and 2,5mM CaCl2) at a concentration 1·106 

cells/ml. 5μl of Annexin V-PE were added to detect apoptotic cells and 5μl of 7-Amino-

Actinomycin D (7-AAD) to detect dead cells. After incubation for 15 minutes at room temperature 

in the dark, 400 μl of Annexin V Binding Buffer were added and samples were analyzed by flow 

cytometry (FACSDiva cytometer). 

 

2.6.  RNA extraction 

Total RNA purification from cell cultures was performed using Trizol reagent (Invitrogen). 

5-10x106 cells were collected by centrifugation and lysed with 1 ml of Trizol reagent. After 5 min at 

room temperature, 0.2 ml of chloroform was added, gently mixed for 20s and centrifuged at 12000 

rpm for 15 min at 4ºC. The supernatant was mixed with 0,5 ml of isopropanol, and incubated for 

10 min at room temperature. Upon centrifugation at 12000 rpm for 20 min at 4ºC, the RNA pellet 

was washed with 75% ethanol at 7500 rpm for 5 min at 4ºC. Finally the RNA pellet was dried at 

room temperature, resuspended in 20 μl of Dw-Dep (Diethyl pyrocarbonate), and measured using a 

NanoDrop Spectrophotometer. 

 

2.7.  Reverse transcription (RT) and polymerase chain reaction (PCR) 

 For reverse transcription cDNA was synthesized from 1μg of RNA (in a total volume of 

20μl) using the iScript cDNA Synthesis Kit (BioRad) following the next steps: 5 minutes at 25ºC, 

30 minutes at 42ºC and 5 minutes at 85ºC. Complimentary DNA (cDNA) samples were stored at   

-20ºC until used. 

Primers were designed with the Primer 3 program following the standard guidelines: length 

18-25 bp; GC content 40 to 65%; no G at the 5’ end; avoiding secondary structures; Tm:50 to 

65ºC. (Table 2.2) 
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Quantitative PCR reaction mix was prepared (for two duplicate reactions) with 11μl of 

IQTM SyBR® Green Supermix (BioRad), 1,3μl of specific primers (0,3μM), 1,7μl of destilled water 

and 1μl of cDNA. Ten μl per well were loaded on a 96 well plate. PCR was performed on a BioRad 

cycler as follows: 95ºC 10 min;(95ºC 5 min; 55-65ºC 30s) 40 cycles; 95ºC 1 min; 55ºC 1 min; for the 

real time melting curve (55ºC 10 s decreasing by half a degree each cycle) 80 cycles. 

mRNA expression was normalized to the ribosomal protein S14. Results were analyzed and 

expressed by comparative DeltaDeltaCt (ΔΔCt) method: 

*deltaCT1 = CT (target condition 1) - CT (normalizer condition 1; S14). 

deltaCT2 = CT (target condition 2) - CT (normalizer condition 2; S14). 

** delta delta CT: delta Ct1-delta Ct2 

***comparative expression level = 2 –ΔΔCT 

****Standard deviation= √(SD1 2+SD2 2) 

Reactions with water instead of cDNA were used as negative controls to detect possible 

amplification from contaminating DNA 

 

Table 2.2: Primers used for RT-PCR. 

Name Primers 
Amplicon 
size(pb) 

S14 
5´-TATCACCGCCCTACACATCA-3´ 

5´-GGGGTGACATCCTCAATCC-3´ 
135 

BCL6 
5´-AGAGCCCATAAAACGGTCCT-3´ 

5´-AGTGTCCACAACATGCTCCA-3´ 
230 

p16 
5´- AACGCACCGAATAGTTACGG -3´ 

5´- ACCAGCGTGTCCAGGAAG -3´ 
170 

p21 
5´- GGCGTTTGGAGTGGTAGAAA -3´ 

5´- AAGACCATGTGGACCTGTCA -3´ 
144 

p27 
5´- GGCCTCAGAAGACGTCAAAC -3´ 

5´- ACAGGATGTCCATTCCATGA -3 
147 

BLIMP1 
5´- CTGAGAGTGCACAGTGGAGA -3´ 

5´- TGGGTCTTGAGATTGCTGGT -3´ 
167 
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2.8.  Western Blot analysis 

5-10· 106 cells were harvested, washed in cold PBS and resuspended in RIPA buffer (1% 

nonidet NP-40,100 mM NaCl, 20 mM Tris-HCl (pH 7.4), 10mM NaF, 1mM orthovanadate and 

complete protease and phosphatase inhibitors cocktail (Sigma)). Samples were lysed in the 

Bioruptor for 15 seconds and centrifugated (12000 rpm, 20 minutes at 4ºC). Supernatant was place 

on a new tube and protein concentration was measured in the Qubit 2.0 Fluorometer (Invitrogen) 

using 1μl of supernatant in 199μl of protein buffer (Qubit protein buffer + Protein Qubit reagent, 

Invitrogen) and incubated for 10 minutes in the dark. 

3X WB Loading buffer (100 mM Tris pH 6.8; 4% SDS; 30% glycerol; 200mm DTT, 0.03% 

bromo phenol blue (BPB) were mixed with 50 μg of protein in a final volume of 20μl, boiled for 4 

minutes and separated by vertical electrophoresis (MiniProtean cubette, BioRad) on a 1XTGS 

buffer (25mM Trizma; 192 mM glycine and 1% (w:v) SDS. The percentages of the SDS- 

Polyacrylamide gels varied from 7, 5 to 12%, depending of the weight of the protein to be analyzed. 

Gels were run at 175V for a 1h and 15 minutes. 

Proteins were transferred to a nitrocellulose transfer membrane (Whatman) during 60 

minutes at 350mA using the humid Mini-Protean IITM system (Biorad) on transfer buffer (25mM 

Trizma base; 192mM glycine and 20% methanol). The membrane was incubated shaking for 60 

minutes at room temperature using TBS-T solution (20mM Tris pH 7.5, 150 mM NaCl, 0.05 % 

Tween 20) with 10% nonfat dry milk for blocking unspecific binding sites. Then the membranes 

were incubated over-night or during 4 hours at 4ºC on a shaker with the primary antibody (Table 

2.3) diluted in 1% BSA in TBST solution. 

Membranes were washed 3 times for 15 min each one at room temperature on a shaker 

and incubated with fluorescent secondary antibodies (Table 2.4) for 45 minutes diluted in 1% BSA 

in TBST. The membranes were washed 3 times for 15 min with TBS-T solution.  

Finally, the immunocomplexes were detected with an Odyssey Infrared Imaging System 

(Li-COR, Biosciences). For protein loading control, the blots were restained with anti-Actin 

antibody. 
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Table 2.3: Primary antibodies used for Western Blot analysis. 

Primary antibody Type Dilution Company 

Anti-actin (I-19) Goat polyclonal 1:1000 Santa Cruz 

Anti-BCL6 (N-3) Rabbit polyclonal 1:1000 Santa Cruz 

Anti-p27 (C-19) Rabbit polyclonal 1:1000 Santa Cruz 

Anti-p21 (C-19) Rabbit polyclonal 1:1000 Santa Cruz 

Anti-PARP (H-250) Rabbit polyclonal 1:1000 Santa Cruz 

 
 

Table 2.4: Secondary antibodies used for Western Blot analysis. 

 

Secondary antibody Dilution Company 

IRDye 680RD Donkey Anti-Goat  1:10000 LI-COR Bioscences 

IRDye 680RD Donkey Anti-Rabbit 1:10000 LI-COR Bioscences 

IRDye 800CW Goat Anti-Rabbit 1:10000 LI-COR Bioscences 

 

2.9.  Differentiation assays 

Differentiation analysis was performed in the Servicio de Hematología of the Hospital 

Marqués de Valdecilla.  

Cells were treated with 5nM of Romidepsin for 72 hours and stained with Giemsa to 

visualize plasma cell morphology. 

Plasma cell markers were analyzed by flow cytometry. 1·105 cells were harvested, washed in 

PBS and resuspended in 50μl of PBS and 10µl of each antibodies used. These antibodies were:  

anti-CD20 PE (BD; Ref. 345793), anti- CD38 APC (BD; Ref. 345807), anti- CD45 percP (BD; Ref. 

332784) and anti- CD138 FICT (Rafer; Ref. IQP 153F). Samples were incubated for 10 minutes at 

room temperature in the dark and analyzed by FACSDiva cytometer. 

 

2.10. Data analysis 

Results were presented as the mean of two or three determinations with error bars 

representing the standard error of the mean. 
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3. RESULTS AND DISCUSION 

 

3.1. Romidepsin effect on metabolic activity and cell proliferation 

Metabolic activity was measured using WST-1 method, in different B-cell lymphoma cell 

lines (Raji, Dg75, Ramos, Mutu III and Bjab). To perform the assay, three different cell 

concentrations were used (2,5x105, 4x105 and 6x105 cells/ml). Effects were similar between them 

(not shown) and 4x105 cells/ml was chosen for further experiments. Cells were treated without or 

with 1, 5 and 10 nM of Romidepsin for 24, 48 and 72 hours (Figure 3.1). 

Raji were relatively resistant to Romidepsin treatment even at high doses. Dg75 cells were 

also resistant to 1 and 5 nM treatment but 10 nM had an inhibitory effect, decreasing metabolic 

activity around the 40% at 48 and 72h. 

 

 

Figure 3.1: Romidepsin effect on metabolic activity. WST-1 assay was performed to 

analyzed metabolic activity in Raji, Dg75, Ramos, Bjab and Mutu III cell lines. Cells were 

treated with 1, 5 and 10 nM of Romidepsin for 24, 48 and 72 h. Untreated cells represent 

100% of metabolic activity. Bars indicate the medium value of duplicated samples and 

standard deviation was represented. 
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On the contrary, Ramos, Bjab and Mutu III cell lines were sensitive to Romidepsin 

treatment in a time and doses dependent manner. Treatment with 5 and 10nM of Romidepsin 

caused an inhibition of the metabolic activity of around the 40-50% even at 48 hours post-

treatment.  

Treatment with 1 nM had no effect on the metabolic activity of the different cell lines even 

at long times. 

Similar effects were found when cell proliferation was measured using Guava ViaCount 

(data not shown). We observed inhibition of cell proliferation in the treated cells in time and doses 

dependent manner for Ramos and Mutu III while Raji cells were resistant to Romidepsin treatment 

up to 10 nM. 

 
3.2. Romidepsin effect on cell cycle 

Cell cycle analysis was performed using propidium iodide staining and analyzed by flow 

cytometry. Raji, Ramos and Mutu III cell lines were treated without or with 2 and 5nM of 

Romidepsin for 24, 48 and 72 hours. 

Romidepsin treatment induced cell cycle arrest in G0/G1 phase in a time and doses 

dependent manner in the three cell lines analyzed. In Raji cell line, we observed an increase in the 

G0/G1 phase (approximately 60% of cells in G1/G0) 48 hours after 2nM treatment with 

Romidepsin (Figure 3.2a). This effect was maintained up to 72 hours. However, after 48 hours of 

exposure to 5 nM treatment, most cells were arrested in G0/G1 phase (70% after 48 hours and 

85% after 72 hours) while there were few cells in G2 phase (about 15% at 48h and 7% at 72 hours).  

 

 

A) 



 
 

22 
 

 

 

Figure 3.2: Romidepsin effect on cell cycle. Cell cycle assays was performed using 

propidium iodide staining and flow cytometry in Raji (a), Ramos (b) and Mutu III (c) cell 

lines. Cells were treated with 0, 2 and 5 nM of Romidepsin for 24, 48 and 72h. 

 

Similar effects were observed in Ramos and Mutu III cell lines, but cell cycle arrest was 

much less prominent that in Raji cells (Figure 3.2b and 3.2c).  

To study possible mechanisms responsible for the cell cycle arrest, different cyclin-

dependent kinases (CDKs) inhibitors like p16INK4a, p21Waf1 and p27Kip1 were analyzed by RT-PCR 

and Western-Blot in Raji and Ramos cells.  

p16INK4a and p21Waf1 expression did not change comparing treated or not treated cells (data 

not shown). In contrast, p27Kip1 mRNA and protein expression dramatically increased in Raji and 

Ramos cells (Figure 3.3). In both lines, when cells were treated for 72 hours (independently of 

Romidepsin concentration) we found an increase in p27Kip1 mRNA levels of around four -fold 

respect not treated cells. In Raji cell line, the increasing in p27Kip1 expression was higher at 96 hours 

with 5nM treatment. Ramos cells were sensible to 5nM Romidepsin and the increased in p27Kip1 

was not so prominent (Figure 3.3.) 

 

B) 

C) 
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Figure 3.3: Romidepsin effect on cell cycle regulators. p27Kip1 expression was analyzed by 

RT-PCR (upper panel) and Western-Blot (bottom panel) in Raji and Ramos cells. Cells 

were treated with 0, 2 and 5 nM of Romidepsin. Raji cells were treated for 24, 72 and 96 h 

and Ramos cells for 24, 48 and 72h. mRNA expression data were normalized to the 

ribosomal S14 expression. Bars indicate medium value of duplicated samples and standard 

deviation were represented. The actin western blot was used as loading control. 

 

In summary, Romidepsin induced cell cycle arrest in G0/G1 phase in different 

lymphoma B cell lines. This arrest was associated to the increasing of CDKs inhibitor p27Kip1. 

 

3.3. Romidepsin effect on cell death 

Cell death was first measured as sub G0/G1 cell fraction (Figure 3.4). We observed that 

Romidepsin induced elevate percentages of cell death in Ramos and Mutu III. As soon as 48h at a 5 

nM concentration more than 80% of the cell population was dead in both cell lines. A 2nM 

concentration of Romidepsin also caused elevated levels of cell death. 

 

 

Figure 3.4: Romidepsin effect in cell death. Sub G0/G1 fractions were analyzed by 

propidium iodide staining and flow cytometry. Raji, Ramos and Mutu III cell lines were 

treated with 0, 2 and 5 nM of Romidepsin for 24, 48 and 72 h. 
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In contrast, in Raji cells treatment with Romidepsin did not caused cell death compared to 

not treated cells. This is in full agreement with the metabolic activity data (see above) 

Annexin V binding analysis was performed to study apoptotic cell death in Raji, Ramos and 

Mutu III cell lines. This study confirmed Raji resistance to Romidepsin treatment (Figure 3.5a). 

Ramos and Mutu III cells were positive to apoptosis assay (Figure 3.5b and 3.5c). In both 

cell lines we observed an increased in the percentage of apoptotic cells in a time and doses 

dependent manner. In Ramos cells a 5nM concentration of Romidepsin had a dramatic increased of 

apoptotic cells (about 90% at 48 h) 

 

A)      B) 

  

 

   C) 

 

 
Figure 3.5: Romidepsin induced apoptotic cell death. Annexin V binding assays was 

performed to studied apoptotic death in Raji (a), Ramos (b) and Mutu III (c) cell lines. Cells 

were treated with 0, 2 and 5 nM of Romidepsin for 24 and 48h. 

 

To further analyze apoptotic cell death, PARP protein expression was analyzed by 

Western-Blot. PARP is a protein of 130 kDa that is cleaved in an 89 kDa fragment upon apoptotis 

induction. 
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PARP degradation was found in a time and doses dependent manner in Ramos cells. In 

contrast, no PARP fragmentation was observed in Raji cells. This confirmed that Romidpesin 

induced apoptotic cell death in Ramos but not in Raji cell line (Figure 3.6). 

 

 

Figure 3.6: Romidepsin induces apoptotic cell death and cleaved of PARP protein. 

Western-Blot assay was performed to study PARP protein fragmentation in Ramos and 

Raji cell lines. Cells were treated with 0, 2 and 5nM of Romidepsin for 24, 48 and 72h. The 

actin western blot was used as loading control. 

 

These results were in agreement with the WST-1 analysis. Romidepsin induced apoptotic 

cell death in Ramos and Mutu III cells but Raji cells were resistant to Romidepsin treatment and did 

not die by apoptosis.  

 

3.4. Romidepsin effect on BCL6 expression and cell differentiation 

Deregulated expression of the BCL6 expression is one of the most common genetic 

abnormalities in lymphomas. Raji and Ramos are B-cell lymphoma cell lines that express BCL6.  

RT-PRC and Western-Blot analysis were performed to study BCL6 expression. Cells were 

treated with 2 and 5 nM concentration or without Romidepsin. A decrease in BCL6 mRNA and 

protein expression was found in Raji and Ramos cell lines upon Romidepsin treatment (Figure 3.7).  
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Figure 3.7: Romidepsin effect on BCL6 expression. BCL6 mRNA (top) and protein 

(bottom) expression were analyzed by RT-PCR and Western-Blot, respectively. Raji and 

Ramos cells were treated with 0, 2 and 5 nM. mRNA levels were normalized to the 

ribosomal S14 expression. Bars indicate medium value of duplicated samples and standard 

deviation were represented. The actin western blot was used as loading control. 

 

BCL6 is essential for the formation of mature germinal center B-cells and the 

maintenance of these cells in this status and BLIMP1 is essential for the terminal differentiation 

of B-cells to plasma cells. BCL6 inhibits BLIMP1 and BLIMP1 directly represses BCL6 

transcription (Crotty et al., 2010). 

Since Romidepsin caused a decrease on BCL6 expression we aimed to analyze BLIMP1 

expression. Raji and Ramos cells were treated with 0, 2 and 5 nM Romidepsin. BLIMP1 

expression in Raji cells was analyzed at 24, 72, 96 and 120h given their resistance to Romidepsin 

while in Ramos cells were only treated up to 72 hours. 

An increased of BLIMP1 expression was observed in both cell lines (Figure 3.8). In Raji 

cells, at 72 h post-treatment BLIMP1 expression increased about two-fold with a 2nM treatment 

and about four-fold over not treated cells with a 5nM concentration of Romidepsin. At long 

times, BLIMP1 expression increased around 35-fold. 

In Ramos cells, increased of BLIMP1 expression at 72 post-treatment was higher than 

in Raji cells. With a treatment of 2nM, BLIMP1 expression increased about four times and with 

5nM of Romidepsin increased was about 13-fold over not treated cells. 
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Figure 3.8: Romidepsin effect on BLIMP1 expression. RT-PCR was performed to analyzed 

BLIMP1 expression. Cells were treated with 0, 2 and 5 nM for different times depending 

the cell line. mRNA levels were normalized to the ribosomal S14 expression. Bars indicate 

medium value of duplicated samples and standard deviation were represented. 

 

To study plasma cell differentiation Giemsa staining was performed to visualize plasma cell 

morphology. Mature B-cells exhibit a high nucleus / cytoplasm ratio and an uncondensed nucleus. 

In contrast, plasma cells exhibit a small, dense, eccentric nucleus and a voluminous cytoplasm 

containing. 

Raji and Ramos cells were treated with 5nM of Romidepsin and Giemsa staining was 

performed 72 post-treatment. We observed plasma cell morphology in Raji and Ramos cells in 

contrast to not treated cells (Figure 3.9). 

 

 
 

Figure 3.9: Romidepsin induces plasma cell differentiation. Giemsa staining was performed 

to analyze plasma cell morphology in Raji and Ramos cells. Cells were treated with 5nM of 

Romidpesin for 72 hours. 

 

Plasma cell markers were also analyzed by flow cytometry. Levels of CD20, CD38, CD 45 

and CD138 were analyzed in Ramos and Raji cells upon a 72 hours treatment with a 5nM 

concentration of Romidepsin (Figure 3. 10). 

In Ramos cells plasma cell differentiation was confirmed by the decrease of CD20, CD38 

and CD45 and the increase of CD138. In Raji cells this changes were not representative (not 

shown), this is in agreement with the increasing in BLIMP1 expression, indicating that, in Raji, 

plasma cells differentiation take place later. 
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Figure 3.10: Romidepsin induces plasma cell differentiation. Plasma cell markers 

CD20, CD38, CD45 and CD138 were analyzed in Ramos cells upon 72 hours with a 5nM 

concentration of Romidepsin. Cells not treated were represented in red and treated cells in 

blue. 

 

All these results together, BCL6 expression decreased, BLIMP1 expression increased, 

plasma cell morphology observed by Giemsa staining, CD20, CD38 and CD45 decrease and 

CD130 increased levels, indicated that Romidepsin treatment induces plasma cell differentiation. 

 

Romidepsin is a novel drug with HDAC inhibitor activity and a potent antitumor effect on 

T-cell lymphoma but its effects on B-cell lymphoma are poorly study. HDAC inhibitors have been 

shown to inhibit cell cycle progression by the increase of CDK inhibitors like p16INK4a, p21Cif1 and 

p27Kip1. Also, HDACi induce apoptotic cell death in tumor cells, an increase of the antitumor 

immune responses or suppress angiogenesis (Jardin et al., 2007). Effects of HDACi depend of the 

cell type, the concentration used and the cellular context. 

In this study, we compared the effects of Romidepsin in several B-cell lymphoma cell lines 

and we observed differential effects in the cell lines. Two cell lines, Raji and Dg75, were resistant to 

Romidepsin treatment when we analyzed metabolic activity, while Ramos, Mutu III and Bjab were 

sensitive. In these sensitive cells we observed an increment in apoptotic cell death. Also, our data 

showed that Romidepsin induce cell cycle arrest in G0/G1 phase by the up-regulation of p27Kip1 

CDKi, but not by the increased of p21Cif1 and p16INK4a. 

BCL6 over expression repress BLIMP1 and plasma cell differentiation but if BLIMP1 is 

activated, BCL-6 expression will be repressed, leading to irreversible differentiation of the 

malignant B-cell (Crotty et al., 2010). We shown that Romidepsin induces down-regulation of BCL6 

expression and this permits the expression of BLIMP1 and plasma cell differentiation. 
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4. CONCLUSIONS AND FURTHER RESEARCH 

 

 Treatment with histone deacetylase inhibitor causes differential effects on B-cell lymphoma 

cell lines. 

 

 Romidepsin induces cell cycle arrest in G0/G1 phase accompanied with up-regulation of 

the cyclin-dependent kinase inhibitor p27KIP1, but levels of p16INK4a and p21WAF/CIP1 

expression not change. 

 

 Romidepsin induces apoptotic cell death in a cell dependent manner. 

 

 Romidepsin causes down-regulation of BCL6 mRNA and protein levels in BCL6 positive 

B-lymphoma cell lines. 

 

 Down-regulation of BCL6 allows the expression of BLIMP1 which induces plasma cell 

differentiation. 

 

A summary of our near future research is: 

 To analyze Romidepsin effects on cell cycle, death and plasmatic differentiation in other B-

cell lymphoma cell lines. 

 

 To study additional cell cycle regulators like p53 and plasma cell differentiation markers 

that allow understanding better these Romidepsin effects. 

 

 To study the effects of Romidepsin in primary cells from lymphoma patients. 

 

 To gain further insight on the BCL6 regulation by Romidepsin, studying BCL6 targets 

genes and how BCL6 down-regulation affects them.  
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