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aGVHD: Acute Graft-versus-Host Disease 

CSCs: Cancer Stem Cells  

 

DLBCL: Diffuse Large B-Cell Lymphoma  

 

EMT: Epithelial–Mesenchymal Transition 
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HSCT:  Hematopoietic Stem Cell Transplantation 

MiRs: MicroRNAs 

NSCHL: Nodular Sclerosis Classical Hodgkin Lymphoma  

 

PC: Prostate Cancer 

PIN: Prostatic Intraepithelial Neoplasia 

PMBCL:  Primary Mediastinal Large B-Cell Lymphoma  

PSA:  Prostate-Specific Antigen  

TUNEL: Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling 

 
 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/12946993
http://en.wikipedia.org/wiki/Terminal_deoxynucleotidyl_transferase


5 

 

TABLE OF CONTENTS 

 

CHAPTER 1. INTRODUCTION 

                             Page 

1. MicroRNAs  

1.1. General aspects                                                                                     10 

1.2. Biogenesis          12 

1.3. Target predictions          13 

 

2. Fanconi Anemia  

2.1.    Epidemiology and clinical features       15 

2.2.    Fanconi Anemia Pathway and Apoptosis       16 

2.3.     MicroRNA-34-a and the P53 Network       19 

 

3. Mediastinal Lymphoma 

3.1. Epidemiology and clinical features       21 

3.2. Molecular aspects of lymphomagenesis       22 

3.3. Transcriptional studies          25 

3.4. MicroRNAs in lymphomagenesis (Oncogenic cluster miR-17-92)   25 

 

4. Prostate cancer 

4.1. Epidemiology and clinical features        29 

4.2. Molecular basis of tumor progression       31 

4.3. MicroRNAs in prostate cancer        33 

 

 



6 

 

 

CHAPTER 2. AIMS           37 

CHAPTER 3. MATERIALS, METHODS, AND RESULTS     

3.1. First article: Increased apoptosis is linked to severe acute GVHD in patients  38 

with Fanconi anemia.           

 

3.2. Second article: miRNA expression changes leading to EMT and reprogramming 51 

 are present early during prostate carcinogenesis       

 

3.3. MiR92 in the lymphomagenesis of PMBCL      63

   

3.4. Third article: Aflibercept-mediated early angiogenic changes in aggressive   65 

B-cell lymphoma.         

CHAPTER 4. CONCLUSIONS         76 

INTRODUCTION REFERENCES        78 

 

 

 

 

 

 

 

 



7 

 

 

 

OUTLINE OF THE THESIS 

Disease is often the result of complexs interactions between an individual’s genetic factors 

and environmental agents.  However, this relationship among genotype and phenotype is 

not direct and it can be highly regulated by epigenetic mechanisms.  

One of these epigenetic mechanisms, recently characterized is mediated by microRNAs 

(miRs), small non-coding RNAs. They play a key role in gene-regulatory events by 

posttranscriptional repression of their targets, messenger RNA.1  Although, the miRs 

represent 3% of the genes, they are able to target more than 30% of the genome.2 They 

have been implicated in the regulation of virtually all signaling circuits within a cell, 

including cellular processes such as apoptosis, cell-cycle regulation, differentiation, and 

migration.3 Any alteration at any stage can contribute to the development of disease. 

Taken together, the study of miRs is crucial for understanding the molecular basis of 

disease. 

To better understand the role of the miRs in altered biological processes, we analyzed 

some miRs in three models of disease. 

The first model of disease, Fanconi anemia (FA), is a rare inherited disorder characterized 

by defective DNA repair and progressive bone marrow failure.4  The patients require 

hematopoietic allogeneic      stem cell transplantation (HSCT) but they have an increased 

risk of severe acute graft-versus-host disease (aGVHD),5 characterized by increased 

apoptosis. P53 is a master regulator of this pathway. However, severe DNA damage can 

induce modestly elevated levels of p53 in cells from FA, suggesting that there are others 

p53-indepent mechanisms that explain increased apoptosis6 after HSCT.   

In this study7, we assessed epithelial cell apoptosis, and TP53 and miR-34a expression 

levels in the skin and gut biopsies in five non-transplanted FA patients, twenty FA patients 

with aGVHD and twenty-five acquired aplastic anemia patients (AA). We detected that 

epithelial apoptosis was higher in FA than in acquired AA patients in both the skin and gut 

biopsies, though they had a similar preparative regimen. Furthermore, the study on gut 

biopsies in FA patients showed that this deleterious effect was not linked to TP53 gene 

http://www.ncbi.nlm.nih.gov/pubmed/12946993
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overexpression. Among p53-independent signaling pathways of apoptosis, the microRNA-

34 family mimics p53 apoptotic effects in response to DNA damage, we then studied miR-

34a expression in the same series of FA patients’ gut biopsies.  

 

The MiR-34a expression level was higher in severe aGVHD compared with non-aGVHD 

subjects or non-transplanted patients, and significantly correlated to apoptotic cell 

numbers across the three groups of FA patients. Thus, in FA patients, we demonstrated 

that the increased apoptosis occurs in target epithelial cells of severe aGVHD, and this 

deleterious effect is linked to overexpression of microRNA-34a but not TP53. 

 

The second model is prostate cancer, the most common tumor in men.  Its pathogenesis is 

not yet completely understood because it is a clinically and molecularly heterogeneous 

disease.  Recent studies have revealed deregulated expression of miRs in PC, although 

little is known about the timing of these alterations, which might elucidate important 

mechanisms of tumor progression.  

In this study, we choose a set of seven miRs systematically deregulated in PC and 

examined their expression by RT-qPCR at each step of the carcinogenesis process from 

benign, high-grade prostatic intraepithelial neoplasia (PIN), cancer and metastasis. 

Microdissected tissues were collected from a series of 16 radical prostatectomy specimens 

of patients classified according the clinical risk and from five normal prostates of 

necropsies used as external controls.  

We found that benign epithelial tissues have a reduced expression of miR-200c, miR-

200b, miR-34a and miR-145 compared with normal external controls. Remarkably, miR-

200c, and miR-145, previously associated with poor prognosis, was further downregulated 

from the transition to high-grade PIN in high risk patients, including who developed the 

metastatic disease. On the other hand, downregulation of miR-34a was present not only in 

high-grade PIN from high risk patients, but also from low risk patients.  

 
Our results showed that deregulated expression of miRs could be found at early stages of 

prostate carcinogenesis. The lowest expression of the miR-200 family, miR-34a and miR-

145 found in high-grade PIN of high risk patients, likely account for the activation of the 

EMT program and reprogramming. Given that these two phenotypic traits are key features 
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of malignant cells, our results suggest that early alteration in miR expression is a driving 

event for the progression of prostate cancer toward the metastatic disease. 

 

In the third model of disease, primary mediastinal large B-cell lymphoma (PMBCL), a rare 

and aggressive B-cell lymphoma that occurs predominantly in young adults. We analyzed 

the oncogenic role of cluster of microRNAs-17-92 and their paralogs. These microRNAs 

promote proliferation, angiogenesis and suppression of cancer cell apoptosis and they are 

associated with the development of some high-grade murine9 and human B-cell 

lymphomas. However, the oncogenic cluster and their paralogs members have not been 

assessed in PMBCL patients. As far as we know, there is only an additional study with 

other microRNA (miR-155)10 in PMBCL patients.  

In this study, we assessed the expression level of oncogenic clusters and their paralogs in 

patients with newly diagnosed PMBCL, by using quantitative reverse transcription–

polymerase chain reaction; dissecting the contribution of each member of the cluster and 

their paralogs. We compared these results with twenty patients with Diffuse large B-cell 

lymphoma, not otherwise specified    (DLBCL), and twenty Nodular sclerosis classical 

Hodgkin lymphoma (NSCHL) with mediastinal involvement, which are morphologically and 

molecularly related, respectively, to PMBCL.11 

We found microRNAs that are differentially expressed in PMBCL, compared with DLBCL 

and we identified the targets of overexpressed microRNA in PMBCL, using prediction 

algorithms, gene expression profiling by microarray, and functional enrichment analysis for 

exploring possible molecular pathways, where this microRNA could participate in 

oncogenesis of PMBCL.  Next, we are evaluating the putative target genes in tissue 

samples of PBMBCL and human cell lines, assessing gene expression level genes and 

protein levels. Finally, using cellular model, we will inhibit and induce up-regulation of this 

microRNA, to assess the impact of this miR in putative molecular targets and tumoral cell 

phenotype. This will help us to better understand PMBCL lymphomagenesis. 

In conclusion, the results from the dissertation research allow us to better understand the 

disease pathogenesis, regulated by epigenetic mechanisms, which is in part mediated by 

microRNAs. This regulation in non-neoplastic and neoplastic settings, permitted to 

demonstrate the key role of deregulation of microRNAs in different altered cellular 

processes. 
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I CHAPTER INTRODUCTION 

 

1. MicroRNAs  

1.1. General aspects  

MicroRNAs (miRs) are endogenous small RNAs (approximately 19-25-nucleotides) that 

play an important role in gene-regulatory events by posttranscriptional repression, 

mediated by pairing to the mRNAs of protein-coding genes1 (Figure 1). They can be 

located on intergenic regions, such independent transcription units or polycistronic genes. 

40% of microRNAs are intragenic and they are transcribed in the same orientation.  

Intragenic microRNAs are generally located in the introns of their host genes, but a small 

percentage is in exons.  

 

The miRs have been implicated in the regulation of virtually all signaling circuits within a 

cell, including cellular processes such as apoptosis, cell-cycle regulation, differentiation, 

and migration.3,12 Any alteration at any stage can contribute to the development of disease. 

The miRs influence cellular behavior and the response of tissues and to physiologic and 

pathophysiologic stress. This functional niche suggests the presence of miRNA-regulated 

networks in pathologic settings and a significant role for these small RNAs in disease 

state. 13 

 

The miRs act by binding to target by basepairing to partially complementary sites, leading 

to translational repression and exonucleolytic mRNA decay or they can be highly 

complementary, inducing endonucleolytic RNA cleavage. The miRNA binding sites are 

located mainly on the 3′ untranslated region of messenger RNAs, the region following the 

coding sequences, and on the 5′ extremity of microRNA centered on nucleotides 2–7, 

which is called the miRNA “seed.” Pairing to the 3’ region of the miRNA can supplement 

seed pairing to enhance target recognition, or it can even compensate for a mismatch to 

the seed; such sites are known as ‘‘3’-supplementary sites’’ and ‘‘3’-compensatory sites,’’ 

respectively, but this type of 3’ pairing sites are unusual (<10%).14 It has been described 
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‘‘centered sites,’’ a class of miRNA target sites that lack both perfect seed pairing and 3’ 

compensatory pairing and instead have 11–12 contiguous Watson-Crick pairs to the 

center of the miRNA. The centered sites can impart mRNA cleavage in vitro, and in cells, 

they repress protein output without consequential Argonaute-catalyzed cleavage.15   

 

The partial complementarity between a miRNA and its target confers intrinsic advantages 

because it allows that a single miRNA can inhibit simultaneously the expression of 

hundreds of different messenger RNAs. Computational and experimental approaches 

indicate that a single miRNA may repress, on average, more than 100 mRNAs, and the 

biological effect will reflect   the synergy of the of each target inhibition. Furthemore, many 

miRs are members of a family of paralogs, derived from the same ancestral gene and 

probably generated by duplication. Although, they can reside in different locations in the 

same genome, could share identical seed regions, contributing a possible functional 

redundancy3  

 

 

 

  

 

 

Figure 1. Structure and function of miRs: Stem loop precursor and mature strand structures of a 

miRNA, binding to coding mRNAs, in a mistmatch fashion. Taken and modified from16  
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1.2. Biogenesis 

 

The biogenesis of a miRNA is a multistep process that can be divided into transcription, 

nuclear cropping, export to the cytoplasm, and cytoplasmic dicing (Figure 2).3 The 

biogenesis of miRs starts with the transcription of microRNA gene into pri-miRNAS, which 

contain stem-loop structure that harbor the mature miRNA in the 5’ or 3’ half of the stem. 

Once the pri-miRNA is transcribed by RNA polymerase II, it is cropped by a nuclear 

Drosha/DGCR8 heterodimer (Microprocessor complex).  DGCR8 recognizes the proximal 

10bp of the pri-miRNA hairpin stem, positioning the catalytic sites of the Drosha12, which 

cleaves at the pri-miRNA stem and releases the pre-miRNA. The pre-miRNA is recognized 

by the Exportin-5/Ran-GTP transporter and exported to the cytoplasm, where Dicer, a 

type-III RNase cleaves (dicing) the hairpin precursor to produce miRNA duplex that 

contains both the mature miRNA strand and its complementary strand. Then, TRBP 

(Transactivating response RNA-Binding Protein) binds the miRNA duplex and recruits 

Argonaute 2 (Ago2), which is the major component of the RISC complex (RNA Induced 

Silencing Complex). One strand of each duplex remains on the Ago protein as the mature 

miRNA; (the guide strand, or miRNA); the other strand (the passenger strand, or miRNA∗) 

is degraded17. Thus, microRNAs direct Ago proteins to target mRNAs by interacting with 

sites of complementarity.  
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Figure 2. Biogenesis of microRNAs. Taken from 3 

 
 
 
 

1.3. Target predictions  

 

Currently, there are many computational algorithms that allow the prediction the miRNA 

targets (Figure 3).14 They consider the seed sequence, the number of sites in the target, 

the thermodynamics of the interaction, conservation, context of the sourrounding mRNA 

sequence, site accessibility, UTR context. 

 



14 

 

In plants, many targets can be predicted with confidence simply by searching for 

messenger RNA with extensive complementarity to the miRs. By contrast, in animals, 

partial complementarity difficult the identification of targets, increasing the false predictions 

and the poor overlap between sets of prediction. For this reason, the algorithm prediction 

should use stringent parameters for identification of putative targets. 

 

The use of phylogenetic conservation allow to distinguish miRNA target sites from the 

multitude of 3-UTR segments, expected by chance, they are judged to be under selective 

pressure and therefore analysis of gene function.18 

 

A commonly used parameter is the consideration of thermodynamic stability. The RNA 

duplex is in a thermodynamically more stable state, when more energy is needed to 

disrupt this duplex formation and when the free energy is low, which means the binding of 

the miRNA to the mRNA is stronger. 

 

Others features of site context can boost site efficacy: AU-rich nucleotide composition near 

the site, proximity to sites for coexpressed miRNAs, which leads to cooperative action, 

greater than expected by the normal multiplicative effect of multiple sites,  proximity to 

residues pairing to miRNA nucleotides 13-16, positioning within the 3'UTR at least 15 nt 

from the stop codon, and positioning away from the center of long UTRs.19 

 

The interactions between miRs and their targets are complex and very often there are 

numerous putative miRNA recognition sites in mRNAs.20 Although a variety of miRNA 

target prediction algorithms are available, their results can be inconsistent and it is 

necessary experimentally validate the computationally predicted targets, for confirming the 

biological relevance. 
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Figure 3. Tools for Predicting miRNA Targets 
Predictions provided for the mammalian/vertebrate (m), fly (f), worm (w), or additional (+) clades. 
Taken and modified from 14 
 
 

2.  Fanconi Anemia 

2.1. Epidemiology and clinical features 

Fanconi anemia (FA) is a rare inherited disorder characterized by developmental defects, 

genomic instability,  progressive bone marrow failure and increased risk of developing 

cancer.4  This is caused by autosomal mutations of FANC genes, except for FANCB, 

which is located on the X chromosome. 15 mutations have been identified, being the most 

frequent FANCA, FANCC, FANCG, and FANCD2.   

 

The clinical manifestations are related to the age and subsequent progressive 

accumulation of unrepaired DNA, characteristic of the FA patients: at birth and early 

childhood, only physical signs are present; then, many patients, between 5 and 15 years of 
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age, develop bone marrow failure. Later, during young adulthood, increase the risk of 

acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS). Still later, in adult 

patients, a range of solid cancers can be seen, especially mouth cancer21. 

 

The diagnosis of FA can be made by using tests that assess the cellular hypersensitivity to 

DNA interstrand crosslinking agents (ICLs), such as diepoxybutante, and mytomycin C.  

The exposure of FA cells to these agents results in high levels of chromosomal 

aberrations. Analysis of cell cycle proliferation of peripheral blood lymphocytes is also 

useful. FA cells display a marked increase of cells in G2/M. However the definitive 

diagnostic test is the complementation test or FA subtyping. The patient-derived FA cells 

are transduced with retroviruses that carry cDNAs complementing the different FA 

subtypes. Transduction with the appropriate FA complementation group (FANC) cDNA will 

correct the cellular FA phenotypes, such as the chromosomal aberrations and 

hypersensitivity to DNA ICLs.22 

 

2.2. Fanconi Anemia Pathway and Apoptosis  

In normal (non-FA) cells, when DNA damage is produced and the replication fork 

encounters a DNA cross-link, ATR (Ataxia Telangiectasia and RAD3-related protein), and 

then the FA pathway, and cell cycle checkpoint via the ATM (Ataxia Telangiectasia 

Mutated) protein are activated. The FA core complex is formed, (including FA proteins A, 

B, C, E, F, G, L and M) which leads to the monoubiquitination of FANCD2 (FANCD2-Ub) 

and FANCI (I-Ub). The I-Ub/FANCD2-Ub complex is then targeted to the chromatin 

containing the cross link where it interacts with BRCA2 and possibly other DNA repair 

proteins (e.g. RAD51, J, N) leading to the repair of the DNA damage (Figure 4). 23 
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Figure 4. Schematic representation of the FA/BRCA pathway.  

Proteins mutated in the different FA sub-types are shown in yellow.  Taken from23 

 

 

The defects of FA pathway allow to accumulate DNA damage at an increased rate. 

Unrepaired DNA damage activates proapoptotic pathways, leading, to depletion of 

hematopoietic stem cells and bone marrow failure. Alternatively, this DNA damage can 

lead to mutations, translocations and chromosomal instability, increasing the risk of 

develop hematopoietic or solid tumors. Stochastic events are responsible for the 

paradoxical phenomenon that the same population of cells can either be depleted (failure) 

or hyper-represented (in cancer)24.  

 

The patients with mutations in any of FA genes (FANCA, FANCB, FANCC, FANCD1, 

FANCD2, FANCE, FANCF, FANCG, FANCI, FANCJ, FANCL, FANCM, FANCN, FANCO, 

and FANCP) share a clinical and cellular phenotype. These 15 gene products function in a 

common cellular pathway. The mutations in eight FA subtypes (FANCA, FANCB, FANCC, 

FANCE, FANCF, FANCG, FANCL, and FANCM), accounting for 90% of mutation in FA 

patients, result in loss of FANCD2 and FANCI monoubiquitylation, the central regulatory 

event in the FA pathway.  
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Furthermore, this pathway is closely related with the breast and ovarian tumor-suppressive 

BRCA proteins in DNA repair. It has been identified that breast cancer susceptibility gene 

BRCA2 is a FA gene (FANCD1), FANCN is partner and localizer of BRCA2, FANCO 

(RAD51)  is a homologous repair factor,  reaffirm the close association of breast and 

ovarian susceptibility genes with FA.22 

 

Actually, the best treatment to cure aplastic anemia (AA) or MDS/AML is the hematopoietic 

stem cell transplantation (HSCT) because it restores normal hematopoiesis. Nevertheless, 

the FA patients have an increased risk of severe acute graft-versus-host disease (aGVHD) 

(grades 2–4)5, despite using low-intensity conditionings, induced by defective DNA repair 

processes and an increased sensitivity to the proapoptotic effects of tumor necrosis factor-

α, δ-interferon,  reactive oxygen specie,  cytokines directly or indirectly involved in aGVHD 

pathogenesis5.  

The aGVHD, remains, directly or indirectly, the major cause of short term mortality after 

allogenic HSCT. The pathophysiology can be considered a 3-step process: initially, host 

tissue damage from conditioning regimen (chemotherapy/radiotherapy) that leads to host 

antigen-presenting cell activation and amplification of donor T cells that proliferate, 

differentiate into effector cells, and secrete cytokines, particularly δ-interferon, and finally 

target cell apoptosis via cellular and inflammatory mediators, (donor cytotoxic T-

lymphocytes,  TNF-alpha).25 

 P53 is a critical sensor of cell stress and modulator of apoptosis to a broad range of 

stimuli, including inhibitory cytokines such as TNF-α and DNA damaging agents. Studies 

have shown that the hypersensitivity of FANCC deficient cells to apoptosis is significantly 

p53 dependent.  But when the doses of mitomycin C increased, the apoptosis induced was 

p-53 independent pathway.6  Furthemore, lymphoid cells obtained from transgenic mice 

lacking p53 (p53-knockouts) undergo apoptosis upon exposure to DNA-damaging agents, 

indicating that p53-independent mechanisms can also trigger apoptosis. However, this p53 

independent pathway is not well understood.26 
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2.3. MicroRNA 34-a, and the P53 Network  

The TP53 tumor suppressor gene plays an important role in regulation of the cell cycle, 

cell proliferation, apoptosis, senescence and genomic integrity. The p53 pathway can be 

activated by hypoxia, oncogene activation or DNA damage, included gamma or UV 

irradiation, alkylation of bases, DNA crosslinking, depurination of DNA.  p53 transactivates 

its target genes such as p21, gadd45 and bax, allowing three primary responses: cell cycle 

arrest, cellular senescence or apoptosis, that lead to DNA repair,  and  create intracellular 

or extracellular p53 feedback loops that modulate p53 activity and the pathway and 

simultaneously communicate with other networks in the cell.27 

 

In recent years, microRNAs have been identified as mediators of response exerted by the 

p53. The miRs contribute to p53 role by controlling the expression of central components 

of multiple processes, including  cell survival, cell cycle progression, epithelial–

mesenchymal transition, stemness, metabolism, and angiogenesis. The expression and 

activity of p53 itself is also under the control of miRs and p53 can also regulate the 

processing of precursor and expression of microRNAs (Figure 5).  The miRs are engaged 

in diverse types of feedforward and feedback loops that mediate amplification, robustness, 

and buffering of signals, and collectively contribute to appropriate cellular reactions.28 
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Figure 5.  p53 and microRNAs in the cellular response to stress. Taken from28  

 

The genome-wide analyses of miRNA expression indicated that 34 miRs were significantly 

induced by p53, whereas 16 miRNAs were repressed.29 In H1299-ts non- small lung 

cancer cells30 several miRs, such as miR-34a, miRs 638, 373*, 492, 126, 140, 491, and 

296 were noticeably upregulated in the presence of activated p53. In HCT116 colon 

cancer cell line (p53WT), seven upregulated miRs exhibited a 3-fold or greater change in 

expression upon treatment with adriamycin (miR-23a, miR-26a, miR-34a, miR-30c, miR-

103, miR-107, and miR-182). But the studies point to microRNa-34a (miR-34a) as the 

most significantly induced miRNA after activation of p53. 

 

The miR-34 family comprises three miRs: miR-34a, ubiquitously expressed and encoded 

by its own transcript, and miR-34b and miR-34c, with a common primary transcript, mainly 

expressed in lung tissues.31 Genes encoding miRs in the miR-34 family are direct 

transcriptional targets of p53, whose induction by DNA damage and oncogenic stress 

depends on p53 both in vitro and in vivo.  
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Ectopic expression of miR-34 induces cell cycle arrest in the G1 phase, which is consistent 

with the ability of miR-34 to downregulate a programme of genes promoting cell cycle 

progression. It can also induce senescence and apoptosis. The cellular context and the 

expression levels of the respective miR-34 target proteins involved, could determine the 

action exerted by miR34.  According to algorithms used for miRNA target prediction, there 

may be hundreds of theoretical target mRNAs for miR-34a.  Some targets of miR34-a 

have been confirmed, such as  CDK4/6, Cyclin E2, E2F32, MET, and Bcl-2.33 The effects 

on translation of these proteins are presumably direct, since reporters carrying the 3′UTR 

of the respective genes were inhibited by cotransfection of miR-34a.29 

 

Taken together, it is considered that microRNA-34a can mimic p53 biological effects in 

response to DNA damage, dependent on the presence of wild-type p53  (Figure 6) and 

actually, there are few studies, showing  that miR-34a could act independent p53.34,35 

 

 

                           

 

Figure 6: The miR-34 Family recapitulates the p53 biological effects in response to DNA 
damage. Taken from29  

 

3. Primary mediastinal large B-cell lymphoma 

3.1. Epidemiology and clinical features 

Primary mediastinal large B-cell lymphoma (PMBCL) is one of the most aggressive 

lymphomas, accounting for 2-4% of non-Hodgkin’s lymphomas11. This neoplasm is most 
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common in young women, with a median age in the fourth decade. It is manifested by a 

localized, bulky mediastinal mass and it can invade adjacent structures such as lungs, 

pleura, pericardium, supraclavicular and cervical lymph nodes, without involves bone 

marrow or other lymph nodes at a diagnosis. No risk factors have been clearly identified for 

the development of PMBCL.36 

 

PMBCL shares molecular features with Nodular sclerosis classical Hodgkin lymphoma 

(NSCHL) and morphological features with Diffuse large B-cell lymphoma (DLBCL), for this 

reason, previously it was considered as a subtype of DLBCL.11 Furthermore, the incidence 

is low  of this neoplasm, which made disease characterization difficult initially37.   However, 

with transcriptomic analyses,38,39 the PMBCL is now recognized as a distinct 

clinicopathologic entity. 

 

The use of first generation chemotherapy (CHOP or CHOP-like regimens) led to the 

impression that the prognosis for patients with PMBCL was worse than for DLBCL. 

However, the prospective studies in PMBCL are few, and the results are controversial. It is 

possible that the application of more aggressive combination of chemotherapy could 

improve the overall survival and event-free survival of patients with PMBCL36.  Recently, 

one study with the dose-intense chemotherapy regimen, consisting of dose-adjusted 

etoposide, doxorubicin, and cyclophosphamide with vincristine and prednisone plus 

Rituximab (DA-EPOCH-R) showed a complete remission without radiotherapy in the 96% 

patients, followed in a range between 10 month and 14 years40. 

 

3.2. Molecular aspects of lymphomagenesis of PMBCL  

The putative cell of origin for PMBCL is a thymic B cell, located around the Hassall’s 

corpuscles in the medullary thymus. They were identified as a normal-cell counterpart of 

PMBCL, having a similar immunohistological profile.37 Most PMBCL patients have 

mutations in BCL6 and somatic mutations in the immunoglobulin heavy-chain gene, 41 

suggesting late-stage germinal-center differentiation.  The  main deregulated signaling  

pathways described in the PMBCL are: NF-kB signaling pathway and JAK-STAT signaling 

(Figure 7) associated with alteration of microenvironment.11  
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Figure 7. The main deregulated signaling  pathways described in the PMBCL. 

Taken from Steidl C.11 

 

NF-kB signaling pathway: 

 

The survival of tumor cell of PMBCL are dependent on constitutive activation of NF-kB 

(nuclear factor–kB) pathway. The gene expression profiling studies have shown 

overexpression of TNF family members, and the several genes of the NF-kB signaling 

pathway in PMBCL compared with DLBCL.38  Inhibition of IkB kinase complex, activator of 

NF-kB signaling is toxic to human PMBCL cell lines (Karpas 1106P).  Moreover, 
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alterations of TNFAIP3, encoding A20, a negative regulator of this pathway, have been 

detected. Destructive mutations of TNAFAIP3 were described in 36% of cases 42 and 

chromosomal deletions of genomic TNFAIP3 locus on chromosome 6q23.3, in 30% of 

cases43 of PMBCL. The gains or amplification of the REL locus, located on chromosome 

2p16.1, have been identified in the 50% of PMBCL cases, associated with nuclear REL 

expression44, indicating increased pathway activity. 

 

JAK-STAT signaling 

 

JAK-STAT pathway is one of the major regulator of gene transcription involved in cellular 

proliferation, apoptosis, and angiogenesis in PMBCL. The gene expression profiling 

studies38 have shown overexpression of IL13 receptor and downstream effectors such as 

JAK2 and STAT1 and moreover it has been identified the translocation of STAT dimers 

into the nucleus, acting as DNA –binding transcription factors and indicating the increased 

pathway activity. In more than half of cases of PMBCL, the genomic amplification of a 

subtelomeric region of chromosome 9 (9p24.1) have been shown.  This leads to 

coamplification of the JAK2, CD274,PDCD1LG2, and JMJD2C genes45 and it is 

considered as one of the hallmark genetic alterations in PMBCL11. Moreover, the 

mutations of SOCS-1, a suppressor gene and effector of negative feedback loop that 

inhibit JAK phosphorylation has been described. 

 

 

 

The tumor microenvironment:    

The tumor cell of PMBCL have a reduced expression of major histocompatibility  (MHC) 

class II genes and it is associated with a decreased number  of cytotoxic T cells in the 

PMBCL’s microenvironment, suggesting a mechanism of immunological escape, related 

with the poor prognostic of these patients. The chromosomal loss of 6p21, where is 

located the MHC class I and II, are infrequent. A study46 demonstrated in the 38% of 

PMBCL,  genomic CIITA breaks, and these are associated with the downregulation of 

surface HLA class II expression and overexpression of ligands of the receptor molecule 

programmed cell death 1 (CD274/PDL1 and CD273/PDL2). These receptor–ligand 

interactions have been shown to impact anti-tumour immune responses whereas 
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decreased MHC class II expression has been linked to reduced tumour cell 

immunogenicity.  

 

3.3. Transcriptional studies  

There are two genome-wide gene expression profiling studies that established the major 

deregulated pathway in the PMBCL compared with DLBCL and they allowed to recognize 

the PMBCL as a distinct clinicopathologic and molecular neoplasm. 

One of them38, compared the gene expression profile of 34 PMBCL patients with 176 

DLBCL patients, by using an oligonucleotide microarrays (Affymetrix U133 A y B). This 

study identified that PMBCL tumor cells have low levels of expression of multiple 

components of the B-cell receptor signaling, MHC class II genes, germinal center markers 

compared with DLBCL. Furthemore, PMBCL has high levels of expression of IL-13 

receptor and downstream effectors such as JAK-2, STAT1, TNF family members, 

(TNFSF4, FAS ligand, TNFRSF14 and TRAF1), effectors of NF-kB pathway, resembling of 

classic Hodgkin lymphoma cells.  The increased expression of extracellular matrix 

elements have also been identified (TNFAIP6, adhesion molecules including CD58/LFA3, 

integrin αM/CD11b and fibronectin; collagen and decorin), which is related with the 

sclerosis that often exhibit this neoplasm. 

The second study, 39 compared the gene expression profile of 43 PMBCL patients with 

189 DLBCL patients, by using a DNA microarray (Lymphochip DNA microarrays). This 

study demonstrated that PMBCL is clinically and biologically related to NSCHL: one third of 

the genes (MAL, SNFT, TNFRSF6, TARC, and CD30)   that were more highly expressed in 

PMBL than in DLBCLs were also characteristically expressed in Hodgkin lymphoma cells. 

Further, they found that over half of the PMBLs and three Hodgkin lymphoma cell lines shared 

gains/amplifications in a region of chromosome 9p, leading to amplification of the genomic loci 

of PDL2, related with the immunological escape. 

 

3.4. MicroRNAs in lymphomagenesis (Oncogenic cluster miR-17-92) 

The pathogenesis and diagnostic of B-cell lymphomas has essentially been based on the 

recognition of gene translocation that deregulate the expression of oncogenes or tumor 
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suppressor genes, gene expression changes47, mutations,48,49 and the morphological and 

immunophenotypic features.   This classification of lymphoma has allowed to recognize 

and treat successfully a range of disorders, but B-cell lymphomas are a heterogeneous 

disease, and a significant proportion of B-cell lymphoma patients are not well classified 

and they still fail to respond to therapy. Their pathogenesis is still largely unknown and it is 

necessary to study novel mechanisms of lymphomagenesis.50  The microRNAs have been 

recognized as central player in B-Cell differentiation and oncogenesis of B-cell 

lymphoma51. They are associated with different subtypes of B-cell lymphoma (Figure 8).  

and the aberrant gene expression of both precursor and mature miRs is considered  as a 

result of genomic alterations, deregulated processing machinery, or epigenetic 

mechanisms52 

 

 

 

 

Figure 8. Abnormalities of miRs that contribute to neoplastic transformation of normal B-cell 
precursors to specific lymphoma Subtypes.   
B-ALL:B lymphoblastic leukaemia/lymphoma; MCL, mantle cell lymphoma; CLL, chronic 
lymphocytic leukaemia/small lymphocytic lymphoma; FL, follicular lymphoma; BL, Burkitt 
lymphoma; MM, plasma cell myeloma. Taken from52  
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The miRNAs-17-92 is a polycistronic miRNA cluster also designated as oncomir-1.53  It is 

located in the third intron of a 7 kb primary transcript known as C13orf25. Its precursor 

transcript contains six tandem stem-loop hairpin structures that yield six mature miRs: 

miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1, and miR-92-1. Ancient gene duplications 

have given rise to two mir-17-92 cluster paralogs in mammals: mir-106a-363 (miR-106a, 

miR-18b, miR-20b, miR-19b-2, miR-92-2, miR-363) located at Xq26.2 and mir-106b-25 

(miR-106b, miR-93, miR-25), located at 7q22.1, each of which only contains homologous 

miRs to a subset of mir-17-92 components (Figure 9). 54 

 

                                      

 

Figure 9. Organization of the miR-17-92 Cluster and their Paralogs. Taken from54 

 

The sequence and the organization of these miRs within family exhibits a high level of 

conservation, suggesting an important role for coordinated regulation and function.54 The 

duplication followed by subsequent loss of individual miRNA have allowed the formation of 

this miRNA family55 during the evolution. 

 

Based on the sequence homology and seed conservation, the six mir-17-92 are 

categorized in four distinct miRNA families: miR-17 (including miR-17 and 20), miR-18, 
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miR-19 (including miR-19a and 19b), and miR-92 family (Figure 10). The distinct mature 

miRNA sequence of each mir-17-92 component determines the specificity of target 

regulation and ultimately the specificity of functional readout.56  

 

                       

 

Figure 10. The miRs encoded by the three clusters can be categorized into four separate 
miRNA families according to their seed sequences:  miR-17 family, the miR-18 family, the 
miR-19 family and the miR-92 family. Taken from 55 
 

The miR-17-92 and miR-106b-25 clusters are abundantly expressed across many tissues 

and cell types, while that  the miR-106a-363 cluster is undetectable or expressed at trace 

levels in all settings that have been examined.57 In mice, it has been studied the 

physiologic functions of the miR-17-92 family, associated with the embryogenesis and B-

cell lymphopoiesis. Mice deficient for miR-17-92 die after birth with lung hypoplasia and a 

ventricular septal defect.  Mutant embryos lacking both miR-106b-25 and miR-17-92 die at 

midgestation. Absence of miR-17-92 leads to increased levels of the proapoptotic protein 

Bim and inhibits B cell development at the pro-B to pre-B transition. 57  

 

Some of the first functional evidence to support that miR-17-92 is one of the most potent 

miRNA oncogenes. Actually, amplifications of 13q31 or deregulation of  miR-17-92 have 

been detected in many neoplasms, including breast cancer, colon cancer58, lung cancer59, 
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medulloblastoma60, neuroblastoma, T-cell leukemias,61 anaplastic large cell lymphoma45 

Burkitt lymphoma and mantle cell lymphoma. 50 

 

The oncogenic potential of mir-17-92 was initially examined in mouse model. Retroviral 

expression of miR-17-92 accelerates c-Myc-induced lymphoma development. The 

lymphocyte of the mice with higher expression of miR-17-92 showed more proliferation 

and less cell death, developing autoimmunity, lymphoma and premature death.9 

The overexpression of miR-17-92 promotes cell proliferation and angiogenesis and 

suppresses cancer cell apoptosis and the differentiation. Some targets have been 

validated, such as CDKN1A/p21 E2F1, E2F3, Pten, AML1, Bim, AIB1, TGFBRII, Tsp1, 

CTGF, and p130 and they are associated with hematopoiesis, cell-cycle progression and 

tumorigenesis. 62  

 

The miR-17-92 and its paralogs have not been analyzed in PMBCL patients. Actually, it is 

unknown if the oncogenic cluster play a role in PMBCL lymphomagenesis as it has been 

demonstrated in another aggressive lymphoma. As far as we know, there is only a study of 

microRNAs in PMBCL patients.  This study10 included 8 patients with PMBCL, and it 

demonstrated that some tumor cells of PMBCL express BIC, the primary microRNA 

transcript that contains the mature microRNA-155 and suggested that high BIC expression 

in some of the cells displays a specific state rather than an oncogenic marker. There is a 

study with human cell lines that assess the Hodgkin lymphoma cell lines and use as a 

control karpas cell line63 

 

 
4. Prostate Cancer  

 

 

4.1. Epidemiology and clinical features  

 

 

Prostate cancer (PC) is the most common cancer and the second leading cause of death 

from cancer in men in the United States64 and Colombia.65  The median age at diagnosis is 

67 years, and the median age at death is 81 years. Prostate cancer is heterogeneous 

neoplasm, from indolent to aggressive disease, the 10-year risk of death from PC ranged 
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from approximately 8% among men with well-differentiated tumors to 26% among those 

with poorly differentiated tumors.  Between 1999 and 2006, at the time of diagnosis, about 

80% of prostate cancers were clinically confined to the prostate, and only 4% had 

metastasized. 66  

 

The strongest risk factors are older age, a positive family history, and black race. The risk 

of this neoplasm is two times higher among patients who have a first-degree relative with a  

PC and the highest incidence are in black men, who will receive a diagnosis of PC at an 

advanced stage, compared with any other ethnic group.66 

 

The prostate-specific antigen (PSA) and the digital rectal examination is considered the 

primary screening test. The introduction of PSA has allowed that most patients are 

diagnosed with asymptomatic, clinically localized cancer, doubling the lifetime risk of 

receiving a diagnosis of prostate cancer. Although, the use of PSA has been controversial, 

it has led to 29% reduction in PC mortality, 35% reduction in receiving palliative therapy, 

8.4 life-years gained, average, by PC death avoided.67 

 

The diagnosis of PC is confirmed through pathological analysis, which will also establish 

the grade of neoplasm. The Gleason score is the recommended grading system. It takes 

into account the inherent morphologic heterogeneity of this tumor. A primary and 

secondary pattern (the range of each is 1-5) are assigned and then summed to yield a 

total score (Figure 11). 68 Several studies have clearly established its prognostic values69 

and its help to guide therapy. 

 

Radical prostatectomy is appropriated therapy for any patients whose tumor is clinically 

confined to the prostate.  However, because of potential perioperative morbidity, this 

surgery is reserved for patients whose life expectancy is 10 years or more. This 

recommendation70 is consistent with data showing that fewer than 10% of low-grade 

patients with PC experience a cancer-specific death after 20 years of follow up. 71 
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Figure 11. Schematic diagram of modified Gleason grading system. Taken from 68 

 
 

4.2. Molecular basis of prostate cancer  

Many mechanisms associated with the development of prostate cancer have been 

identified: Copy number and gene expression changes, gene fusions, single base pair 

changes, single nucleotide polymorphisms, DNA methylation, microRNA, which could 

participate in the different steps of carcinogenesis. 

Genome-wide copy number alterations (CNAs), can result in the amplification of 

oncogenes or the deletion of tumor suppressor genes, contributing to development and 

progression of PC. The losses of 1p, 6q, 8p and 9p, 13, 15, 18 and 22 and the gains of 1q, 

3q, 7q and 8q have been identified in PC. Focal amplifications of the androgen receptor 

(AR) (Xq12) and focal deletions of PTEN (10q) and NKX3.1 (8p) have also been 

described.72 The copy-number analysis demonstrates conserved genomic alterations in 

multifocal73 and metastatic prostate cancer, independently of anatomic site of metastasis; 

suggesting a monoclonal origin. However, each focus will also accumulate a variable 
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number of separate genomic changes, thus, despite of genomic heterogeneity in primary 

cancers, most metastatic cancers arise from a single precursor cancer cell.74 

 

The fusions of genes have also been identified in PC (Figure 12), being TMPRSS2-ETS 

fusion, the most common rearrangement described. It has been found in approximately 

50% of all PC cases. This fusion involves an oncogene (ETS), such as ERG, ETV1,75 

ETV4, ETV5 and an gene encoding  androgen-regulated serine protease (TMPRSS2), 

highly expressed in normal and neoplastic prostate epithelium.  Using Molecular Concept 

Map, it has been identified that critical transitions in prostate cancer progression include 

protein biosynthesis, E26 transformation-specific (ETS) family transcriptional targets, and 

androgen signaling and cell proliferation.  High grade cancer, like metastatic cancer shows 

an attenuated androgen signaling signature, compared low-grade prostate cancer, which 

may reflect dedifferentiation and explain the clinical association of grade with prognosis.76 

 

                 
 
 
Figure 12:  Prostate cancer progression, and key steps affected by germline variants  and 
somatic fusions. Taken from77  

 
 
A study genotyped 211,155 SNPs, using a llumina array in blood DNA from 25,074 

prostate cancer cases and 24,272 controls from the international. It detected twenty-three 

new prostate cancer susceptibility loci. More than 70 prostate cancer susceptibility loci, 
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have been identified, explaining 30% of the familial risk for this disease. On the basis of 

combined risks conferred by the new and previously known risk loci, the top 1% of the risk 

distribution has a 4.7-fold higher risk than the average of the population being profiled. 78 

 

Furthemore, whole-genome methylation sequencing to investigate the methylation profiles 

identified that more than 95% alterations of genome methylation occurred in sequences 

outside CpG islands. These alterations occurred in prostate cancer and in benign prostate 

tissues adjacent to cancer, in comparison with age-matched organ-donor prostates. Only a 

small fraction of themethylated CpG islands had any effect on RNA expression. However, 

suppressions of RNA expression did not correlate with levels of CpG island methylation, 

suggesting that CpG island methylation alone might not be sufficient to shut down gene 

expression. Motif analysis revealed a consensus sequence containing Sp1 binding motif 

significantly enriched in the effective CpG islands. 

 

Thus, carcinogenesis is a complex integration of alterations of multiple pathways as a 

result of changes at different levels, including the genomic and epigenetic mechanisms 

that required being studied 

 

4.3. MicroRNAs in prostate cancer  

More than 100 miRs have been associated with PC. However, there are many conflicting results in 

the literature, which is likely due to technical aspects of capture of miRs, and the contamination of 

normal cells in the tumor samples.72 Despite, these controversial results, all studies confirm the 

dysregulation of miRs in PC. They play a role as oncogenes or tumor suppressor genes, and they 

can be deregulated in the initiation, progression, invasion and metastasis of this neoplasm (Figure 

13). Furthermore, the miRs are involved in modulating response of PC to treatment, including 

androgen suppression, chemotherapy, and radiation79 
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Figure 13. MiRNAs participate in regulation of different steps of prostate cancer progression. 
HRPC, hormone-refractory PC; HSPC, hormone-sensitive PC. Taken from80  

 

 

There are microRNAs related with PC tumorogenesis and metastasis, such as: MiR-21, 

associated with induction of anti-apoptosis, angiogenesis, initiation of epithelial 

mesenquimal transition phenotype, and chemoresistance81. MiR-32, related with the 

reduction of apoptosis82 and response to androgen receptor regulation. Other oncomiRs 

are miR-221 that promotes PC growth and modulation of cell cycle, miR222, miR125b, 

miR106b, miR27a, miR153 and miR141.80 

On the contrary, key miR s have been identified as suppressors of PC growth and 

metastasis, for example: miR-15a, miR16, Let-7a, Let-7c, miR-133a, miR-133b, miR-203, 

miR-205, miR-31, miR-320, miR-143, miR-708, miR-143, miR-145, miR-200 family, miR-

34 family. 

 

The miR-200 family, tumor suppressor genes, regulate the epithelial–mesenchymal 

transition (EMT), by targeting zinc-finger E-box binding homeobox 1 (ZEB1) and ZEB2. 

PDGF-D is able to induce the acquisition of the EMT phenotype in PC3 cells (human 
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prostate cancer cell lines), in part, a result of repression of miR-200.  The re-expression of 

miR-200b in these cells lead to reversal of the EMT phenotype, which is associated with 

the downregulation of ZEB1, ZEB2, Snail2 expression, and greater expression levels of 

epithelial markers (Figure 14).83 

 

The EMT represents a cellular program that confers mesenchymal properties on epithelial 

cells and it is closely associated with the invasion–metastasis cascade and the acquisition 

of aggressive traits.  The EMT program is orchestrated by a set of pleiotropically acting 

transcription factors, inducing the local invasion and subsequent dissemination of 

carcinoma cells to distant sites, allowing the adaptation to a foreign microenvironment.8 

 

Most of these factors are transcriptional repressors such as Snail, Slug, Zeb1, and Twist. 

They repress mediators of epithelial adhesion, such as E-Cadherin, an integral component 

of adherens junctions, and claudins. While, the mechanisms the concomitant acquisition of 

mesenchymal features, that remain poorly characterized, are associated with the up-

regulation of N-Cadherin, Vimentin and extracellular matrix components.8 MiR-143 has 

been associated with the reversion of EMT phenotype.84 

 

The induction of an EMT also results in the acquisition of stem cell like traits. It is 

considered that a tumor contains variant population of cells, with different status of 

differentiation. There are fully differentiated tumor cells and stem-like cells. The cancer 

stem cells (CSCs) are subpopulation that might be responsible for tumor initiation, 

therapeutic resistance and tumor metastasis.80 Increasing evidences suggest that CSCs 

may possess EMT features, which are closely microRNAs in prostate cancer. MiR-145, 

and miR-34 family induce cell-cycle arrest, apoptosis, inhibition of cell motility, and the 

pluripotency of cancer stem like cells85. The miR-145’s targets include TNFSF, FSCN 

SWAP, OCT4, SOX2, KLF4, KLF5. CD44, CD133, c-Myc155 and the miR-143’s targets 

include CDK6, HuR, Bcl-2, SIRT, c-Myc, DNMTs, HDACs, E2F3, Bcl-2, CD44, AR and 

Notch-1signaling 
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A                                                                           B 

  

 

Figure 14.  A. Molecular links between proteins implicated in self-renewal of normal and cancer 
stem cells (Bmi-1, Suz12, and Wnt/betacatenin signaling) and Epithelial mesenquimal transition 
factors (Zeb1, Twist, Snail).  Both Snail and Zeb1 repress the CDH1 gene whose product, E-
Cadherin. Taken from 8 B) EMT play a fundamental role in tumor progression and metastasis 
formation. Individual cells delaminate from primary tumors and migrate following the extracellular 
matrix network. It is a challenge to understand whether malignant migratory cells are cancer stem 
cells acting as tumor-initiating cells in the primary tumor, if they are derived from somatic epithelial 
tumor cells that have undergone EMT to acquire stem cell-like properties, or some combination of 
these two possibilities. Taken from 86 
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CHAPTER 2. AIMS 

Disease is often the result of complex interactions between environmental factors, genetic, 

and epigenetic mechanisms. Recently, the microRNAs have been characterized, they play 

a key role in gene-regulatory events by posttranscriptional repression of their targets.1  The 

microRNAs have been implicated in the regulation of virtually all signalling circuits within a 

cell, alterations of which can contribute to the development of disease, suggesting that the 

study of microRNAs is crucial for understanding the molecular basis of disease. 

The major aim of this thesis was to evaluate the role of microRNAs in altered biological 

processes, analyzing three models of disease. To this end, this thesis focused on the 

following specific aims: 

 

1. To analyze the role of microRNA-34a in increased apoptosis of transplanted Fanconi 

patients with aGVHD, assessing, and correlating the epithelial apoptosis and 

expression level of microRNA-34a and TP53 in in non-transplanted FA patients, FA 

patients and AA with different grades of aGVHD 

 

2. To analyze the role of microRNAs in prostate cancer progression, evaluating the 

expression level of microRNAs in the epithelial and stromal compartments throughout 

the different steps of progression, from benign component to PIN, adenocarcinoma 

and finally metastatic carcinoma for patients stratified as in low and high risk, and 

compared to tissue from normal individuals. 

 

3. To analyze the role of cluster miR-17-92, and their paralogs in the PMBCL 

oncogenesis process, evaluating the expression level of each member of the cluster 

and its paralogs in PMBCL, compared to DLBCL and HL tumor tissue samples. Then, 

to identify the putative targets of upregulated microRNA, using the integrative analyses 

of prediction algorithm, microarrays, and functional analyses, and finally to validate the 

target RNAs in PMBCL sample tissue and an in vitro system. 
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CHAPTER 3. MATERIALS, METHODS, AND RESULTS 

 

 3.1.  ANEMIA DE FANCONI  

 

Increased apoptosis is linked to severe acute GVHD  
in patients with Fanconi anemia 
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Fanconi anemia (FA) patients have an increased risk of acute GVHD (aGVHD) after 
hematopoietic SCT, with hypersensitivity to DNAcross-linking agents and defective DNA 
repair. MicroRNA-34 and p53 can induce apoptosis after DNA damage.Here we assessed 
epithelial cell apoptosis, and studied TP53 and miR-34a expression in the skin and gut 
biopsies in five non-transplanted FA patients, in 20 FA patients with aGVHD and in 25 
acquired aplastic anemia patients (AA). Epithelial apoptosis was higher in FA than in 
acquired AA patients in both the skin and gut biopsies, though they had a similar 
preparative regimen. Further study on gut biopsies in FA patients showed that this 
deleterious effect was not linked to TP53 gene overexpression. As, among p53-
independent signaling pathways of apoptosis, the microRNA-34 family mimics p53 
apoptotic effects in response to DNA damage, we studied miR-34a expression in the same 
series of FA patients’ gut biopsies. MiR-34a expression level was higher in severe aGVHD 
compared with non-aGVHD subjects or non-transplanted patients, and significantly related 
to apoptotic cell numbers across the three groups of FA patients. Thus, in FA patients, 
increased apoptosis occurs in target epithelial cells of severe aGVHD, and this deleterious 
effect is linked to overexpression of miR-34a but not TP53.  
 

Keywords: acute GVHD; Fanconi anemia; apoptosis 

mailto:anne.janin728@gmail.com


39 

 

 

INTRODUCTION 

 

Fanconi anemia (FA) is a rare inherited disorder characterized by developmental defects, 

genomic instability and progressive BM failure.1 Hematopoietic allogeneic SCT (HSCT) 

can restore normal hematopoiesis,2–4 but these patients have an increased risk of grades 

2–4 acute GVHD (aGVHD).5 At the cellular level, the hallmarks of FA are hypersensitivity 

to DNA-cross-linking agents and defective DNA repair.6 Unrepaired DNA damage can 

further activate p53-dependent7 and p53-independent8 signaling pathways of apoptosis. 

MicroRNAs, a class of small non-coding RNAs mediating posttranscriptional silencing of 

mRNAs, participate in the control of cell fate.9 Among them, the microRNA-34 family 

mimics p53 biological effects by inducing cell cycle arrest and apoptosis in response to 

DNA damage.10,11 Here we studied epithelial cell apoptosis, TP53 and miR-34a expression 

in skin and gut biopsies in non-transplanted FA patients, and FA patients with aGVHD of 

different grades. To take the role of the conditioning regimen into account, we compared 

the results obtained in 25 FA patients with those obtained for 25 acquired aplastic anemia 

patients (AA), who had received transplants at Saint Louis Hospital from HLA-genotypic 

identical siblings, with a similar conditioning regimen. 

 

Patients 

 

Twenty-five patients with FA (15 males, 10 females) were included in the study. Among 

them, 11 carried the FANCA mutations and 4 the FANCC mutations. Five of them had not 

received any transplant at the time of the study; the 20 others had undergone HSCT from 

HLA-genotypic-identical sibling donors in a single center (Hôpital Saint-Louis, Paris, 

France) between 1999 and 2009. Their preparatory regimen was dose-adapted CY (40 

mg/kg) with or without thoracic-abdominal irradiation.5 Twenty-five age- and sex-matched 

patients with acquired AA were also included in the study. They received HSCT in the 

same center in the same period, with a preparatory regimen including CY (200 mg/kg) with 

or without thoracicabdominal irradiation.12 

 

Biopsies 

Skin and gut biopsies were performed for diagnostic purposes. Patients were informed that 
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part of the material remaining after the diagnosis had been established could be used for 

research and gave their informed consent to the study. The Hôpital Saint Louis ethical 

review board approved the protocol. The skin biopsy specimens, performed in case of 

rash, were cut into three parts and were (i) formalin-fixed and paraffin-embedded, (ii) 

glutaraldehyde-fixed and resin-embedded, (iii) snap-frozen. Duodenal biopsies were 

performed in the case of digestive symptoms requiring an upper digestive endoscopy for 

GVHD diagnosis. Six biopsies were obtained and two were formalin-fixed, two 

glutaraldehyde-fixed and two snap-frozen. GVHD histological grading was performed by 

two different pathologists (MR, AJ), according to the consensus criteria13 for acute skin 

GVHD, and Sale14 and Epstein15 criteria for acute gut GVHD. 

 

Apoptosis analyses 

 

Epithelial cell apoptosis was analyzed using two complementary methods, TUNEL 

(terminal deoxynucleotidyl transferase dUTP nick end labeling) assay and double 

immunofluorescent stainings with polyclonal mouseanti-human cytokeratin (Dako, 

Glostrup, Denmark) and polyclonal rabbitanti-human cleaved-caspase3 (Cell Signaling, 

MA, USA) as primary Abs. FITC-conjugated donkey-anti-mouse and Texas Red-

conjugated donkeyanti-rabbit Abs (both from Abcam, Cambridge, UK) were used as 

secondary Abs. Controls included omitting the first Ab and using an irrelevant Ab of 

identical isotype. Tissue sections were analyzed under Olympus AX 70 microscope with a 

0.344-mm2 field size at X400 magnification (Olympus,Tokyo, Japan). Counts of double-

positive cytokeratin/cleaved-caspase3 cells were performed on epidermal and duodenal 

epithelial samples on five different fields by two independent observers, and the results 

were expressed as means±s.d. 

 

 

Molecular analyses 

 

Quantification of miR-34a expression: for all biopsies, total RNA was extracted from four 

20-mm-thick paraffin sections using RecoverAll total nucleic-acid isolation kit (Ambion, 

Cambridgeshire, UK) following the manufacturer’s protocol. MiR-34a expression was 

analyzed by RQ-PCR using miRNA-reverse-transcription-kit, hsa-miR-34a assay and 
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7500HT Fast RT-PCR system (all from Applied Biosystems, Darmstadt, Germany).16 

RNU24 was used as an endogenous control, and normal duodenum from surgical pieces 

for calibration. A relative quantification was done using the 2 -ΔΔCT method. 

 

Quantification of TP53 expression: for all biopsies, total RNA was extracted from ten 15-

mm-thick frozen sections using Rneasy-mini-kit (Qiagen, Courtaboeuf, France) and 

converted to cDNA using the High-capacity cDNA archive-kit (Applied Biosystems). TP53 

expression (Hs01034253_m1, Applied Biosystems) was analyzed on 7500HT Fast Real-

Time-PCR system, with human transcription factor IID/TATA-binding protein (TBP, 

Hs99999910_m1, Applied Biosystems) as the internal control and normal duodenum 

frozen sections as the calibrator. A relative quantification was done using the 2 -ΔΔCT. 

 

Statistical analyses 

 

Student’s t-test was used to compare apoptotic cell numbers in the skin and gut biopsies 

from non-transplanted FA patients, and from FA patients with aGVHD grades 0–1 and 2-4. 

It was also used to compare TP53 and miR-34a expression levels in the same three 

groups of FA patients, and to compare apoptotic cell numbers in acquired AA patients with 

aGVHD grades 0–1 and 2–4. Differences were considered significant when the two-sided 

P-value was <0.05. Correlations between apoptotic epithelial cell numbers and TP 53 or 

miR-34a expression levels were assessed using Z-test. All statistical analyses were 

performed using SAS 8.2 software (SAS Institute Inc, Cary, NC, USA). 

 

RESULTS 

 

Increased epithelial apoptosis in FA patients with severe Agvhd Using TUNEL (terminal 

deoxynucleotidyl transferasedUTP nick end labeling), we identified a large number of 

apoptotic cells in the skin and gut of FA patients with severe acute GVHD (Figure 1). 

When on the same tissue samples we performed a double immuno-fluorescent staining 

using Abs directed against cytokeratin and caspase 3, we found that almost all apoptotic 

cells were epithelial cells.  
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Apoptotic epithelial cells were then counted in biopsies from non-transplanted FA patients 

(skin 1±0.4; gut 1±0.7), and from FA patients with aGVHD grades 0–1 (skin1±0.9; gut 

1.4±1.3) and grades 2–4 (skin 6.2±2.9; gut 8±2.4) (Figure 2). Apoptotic epithelial cells in 

both the skin and gut were significantly more numerous in FA patients with aGVHD grades 

2–4 than in FA patients with grades 0–1 (P<0.01 skin, P<0.01 gut), and more numerous 

than in non-transplanted FA patients (P<0.01 skin, P<0.01 gut).  

In addition, there was no significant relationship between the number of apoptotic epithelial 

cells and the FANCA or FANCC mutations. When we compared the results obtained from 

FA patients with those obtained from acquired AA patients having received HSCT, in the 

same center with a similar conditioning regimen except for dose-adapted CY, there was a 

significant difference in apoptotic epithelial cell numbers only in patients with aGVHD 

grades 2–4 (Figure 2 and Supplementary Figure 1).  

 

Apoptotic cells were more numerous in FA patients than in acquired AA patients, both in 

the skin (6.2±2.9 versus 2.4±0.9, P<0.05) and in the gut (8±2.4 versus 4±2, P<0.05). No 

significant difference in either the skin or gut biopsies was found for apoptotic epithelial cell 

numbers in FA and acquired AA patients with grades 0–1 GVHD (Figure 2 and 

Supplementary Figure 1).  

 

Increased epithelial apoptosis is related to miR-34a overexpression When the level of miR-

34a expression was assessed in the gut biopsies of FA patients, we found a significantly 

higher level of expression when the results in the gut biopsies of FA patients with aGVHD 

grades 2–4 (27±4) were compared with the results obtained in the gut biopsies of FA 

patients with aGVHD grades 0–1 (6.8±0.5, P<0.01). There was also a significant higher 

level of miR-34a expression when the results in the gut biopsies of FA patients with 

aGVHD grades 2–4 (27±4) were compared with the results obtained in the gut biopsies of 

non-transplanted FA patients (1.4±0.3, P<0.01) (Figure 3a). 

 

In addition, when the gut biopsies from all FA patients were analyzed together, the levels 

of miR-34a expression were significantly related to the numbers of apoptotic cells 

(R2=0.7418, P<0.05) (Figure 3b). When the levels of TP53 gene expression were 

assessed in the same gut samples, we did not find any significant change across the three 

groups of FA patients. Further statistical analyses showed that when the gut biopsies from 
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all FA patients were analyzed together, there was no correlation between the levels of 

TP53 expression and the numbers of apoptotic epithelial cells (R2=0.0559, P=0.62) (Figure 

3c). In addition, the levels of TP53 expression were not related to the levels of miR-34a 

expression when the gut biopsies from all FA patients were analyzed together (R2=0.0118, 

P=0.62) (Figure 3d). 
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Figure 1. Characterization of apoptotic epithelial cells in the skin (a) and gut (b) of FA patients. 
Apoptotic cells, identified by TUNEL (terminal deoxynucleotidyl transferasedUTP nick end labeling) 
assay, are more numerous in the skin and gut biopsies of a patient with grade 3 aGVHD (GVH 3), 
than in biopsies of a patient without GVHD (GVH 0), or in biopsies of a non-transplanted patient 
(before HSCT). Bar=50 mm. Double immunostaining with cytokeratin and caspase3, used to 
identify epithelial apoptotic cells, shows numerous apoptotic epithelial cells in the epidermis and gut 
epithelium of a patient with grade 3 aGVHD (GVH 3). Casp3: caspase 3, keratin: cytokeratin. 
Bar=50 mm. 
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Figure 2. Quantitative studies of apoptotic epithelial cells in FA and acquired aplastic anemia 
patients. Apoptotic cells, counted on caspase3/cytokeratin double immunostaining, were 
significantly more numerous in the skin (a) and gut (c) biopsies of FA patients with aGVHD grades 
2–4, when compared with GVHD grades 0–1, or with FA patients before HSCT. When FA and 
acquired AA patients were compared, there were significantly more numerous apoptotic epithelial 
cells in the skin (b) and gut (d) biopsies of FA patients with acute GVH grades 2–4. This was not 
observed in the skin and gut biopsies of FA and acquired AA patients with grades 0–1. **P<0.01   
*P<0.05. 
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DISCUSSION 

 

We have shown here that in FA patients, increased apoptosis occurs in the target 

epithelial cells of severe aGVHD and that this deleterious effect is linked to overexpression 

of miR-34a but not TP53. FA is an inherited disorder characterized by developmental 

defects, genomic instability and progressive BM failure.1 At the cellular level, FA patients 

have defective DNA repair,6 and therefore in these patients we first assessed the number 

of apoptotic epithelial cells in the skin and gut biopsies performed before HSCT for 

diagnostic purposes. The fact that, in both the skin and gut biopsies, apoptotic cell 

numbers were small in nontransplanted FA patients implies that the high level of epithelial 

apoptosis observed in FA patients with aGVHD was not due to damage that existed before 

HSCT. 

 

As FA patients also have DNA hypersensitivity to DNA-crosslinking agents,6 we then set 

out to assess the role of the conditioning regimen on the epithelial cell apoptosis in these 

patients. The conditioning regimen, particularly radiotherapy, could have a role in the 

epithelial cell apoptosis, as TP53-induced apoptosis is involved in radiation toxicity in 

normal tissues.18 Therefore, we compared the results obtained from FA patients with those 

obtained from acquired AA patients having received HSCT in the same center with a 

similar conditioning regimen except for dose-adapted CY. In these two series of patients, 

we found a significant difference in apoptotic epithelial cell numbers only in patients with 

aGVHD grades 2–4, but not in those with grades 0–1. Thus, the conditioning regimen did 

not appear to be a major cause of epithelial cell apoptosis in the FA patients.  

 

In these FA patients, apoptotic epithelial cell numbers were related to the severity of 

aGVHD in both the skin and gut, two target organs of the alloimmune reaction. A direct 

relationship between this alloimmune reaction and epithelial cell apoptosis can be 

discussed, as cytotoxic T-lymphocytes are able to induce caspase-dependent apoptosis in 

their target cells through a death receptor-dependent pathway.19 The fact that severe 

aGVHD induced larger numbers of apoptotic epithelial cells in the skin and gut of FA 

patients compared with acquired AA patients could be linked to a greater sensitivity of FA 

epithelial cells to the alloimmune reaction. Studies in Fanc_/_ mice20 and in FA children21 
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have shown the sensitivity of hematopoietic progenitor cells to IFN-g and TNF-a, two 

cytokines involved in aGVHD22 and able to induce apoptosis by priming the Fas pathway.21  

 

Apoptosis through Fas engagement has also been observed in the skin and gut epithelia 

We further studied whether the increased epithelial apoptosis that we found in the two 

target organs of aGVHD in FA patients was related to TP53 overexpression, as unrepaired 

DNA damage can activate p53-dependent signaling pathways of apoptosis.7 However, 

TP53 gene expression levels showed no significant change across the three groups of the 

gut biopsies in FA patients: the gut biopsies performed before HSCT with aGVHD grades 

0–1 and grades 2–4. Nor were they related to apoptotic epithelial cell numbers.  

 

As among p53-independent signaling pathways of apoptosis the microRNA-34 family 

mimics p53 biological effects by inducing cell cycle arrest and apoptosis in response to 

DNA damage,10,11 we studied miR-34a expression in the same series of FA patients’ gut 

biopsies. We found a significantly higher level of miR-34a expression in aGVHD grades 2–

4 compared with grade 0–1 or with non-transplanted FA patients. In addition, this miR-34a 

expression was significantly related to apoptotic cell numbers across the three groups of 

FA patients. To date, there has been no report for miR-34a expression on normal epithelial 

cells, including normal gut epithelial cells. Experimental studies on neuroblastoma cells 

demonstrated that miR-34a is able to induce a caspase-dependent apoptotic pathway.24 In 

colon cancer, activation of miR-34a contributes to p53-mediated apoptosis,25 but 

inactivation of the TP53 gene by homologous recombination in colon cancer cell lines also 

results in miR-34a-induced cell death.11 As in the gut biopsies of FA patients with severe 

aGVHD TP53 gene expression levels remained unchanged while miR-34a expression 

significantly increased, a direct effect of miR-34a of this type on gut epithelial cell 

apoptosis could be involved. This miR-34a damage-related effect could be particularly 

deleterious in FA patients because of the constitutive activation of caspase3, a key 

enzyme for apoptosis, identified in FA cells.26 
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Suplementary Figure 1 

    

      

Supplementary figure 1 Characterization of apoptotic epithelial cells in skin (A) and gut (B) of 

acquired aplastic anemia patients Apoptotic cells, identified by TUNEL assay, are more numerous 
in skin and gut biopsies of a patient with grade 3 acute GVHD (GVH 3), than in biopsies of a patient 
without GVHD (GVH 0). Bar=50μm.  Double immunostaining with cytokeratin and caspase3, used 
to identify apoptotic epithelial cells, shows presence in the epidermis and gut epithelium in a patient 
with grade 3 acute GVHD (GVH 3). Casp3: caspase 3, keratin: cytokeratin. Bar=50μm. 
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Running head: miRs drive EMT and reprogramming in PIN 

 
Abstract 
Prostate cancer (PC) is the most common cancer in men. Although recent studies have 
revealed deregulated expression of microRNAs (miRs) in PC, little is known about the 
timing of such alterations that might elucidate important mechanisms of tumor progression.  
Here we choose a set of seven miRs systematically deregulated in PC and examined their 
expression by RT-qPCR at each step of the carcinogenesis process from benign, high-
grade prostatic intraepithelial neoplasia (PIN), cancer and metastasis. Microdissected 
tissues were collected from a series of 16 radical prostatectomy specimens of patients 
classified according the clinical risk and from five normal prostates of necropsies used as 
external controls.  
We found that morphologically normal epithelial tissues have a reduced expression of 
miR-200c, miR-200b, miR-34a and miR-145 when compared with normal external 
controls, whereas the expression of miR-143, miR-101 and miR-103 remain unchanged. 
Remarkably, miR-200c and miR-145, previously associated with poor prognosis, were 
further downregulated from the transition to high-grade PIN in both high risk patients and 
individuals who developed the metastatic disease. On the other hand, downregulation of 
miR-34a was present not only in high-grade PIN from high risk patients, but also from low 
risk patients.  
Our results show that deregulated expression of miRs can be found at early stages of 
prostate carcinogenesis. The lowest expression of the miR-200 family, miR-34a and miR-
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145 found in high-grade PIN of high risk patients, likely account for the activation of the 
EMT program and reprogramming. Given that these two phenotypic traits are key features 
of malignant cells, our results suggest that early alteration in miR expression is a driving 
event for the progression of prostate cancer toward the metastatic disease. 
 
Key words:  MicroRNAs, high-grade prostatic intraepithelial neoplasia, epithelial-
mesenquimal transition, reprogramming 
 
 

Introduction 

Prostate cancer (PC) is the second leading cause of death from cancer in men in the 

United States and Europe.1 PC is a clinical and molecular heterogenous disease; some 

patients progress slowly while others behave more aggressive. The 10-year risk of death 

ranged from approximately 8% among men with well-differentiated tumors to 26% among 

those with poorly differentiated tumors and at the time of diagnosis, 4% have 

metastasized. 2 The molecular basis for this heterogeneity is not completely understood3 

  

A model of the multistep progression of prostate carcinogenesis has been developed and 

different genetic4 and epigenetic mechanisms are associated with the progression of 

prostate cancer: telomere instability, copy number and gene expression changes, gene 

fusions, single base pair changes, single nucleotide polymorphisms, DNA methylation, 

long non-coding RNAs and microRNAs5. MicroRNAs, a class of small non-coding RNAs 

mediate posttranscriptional silencing of mRNAs. They have been identified to be 

deregulated in PC. 6,7 However, the precise role of these molecules during the course of 

multistep tumorigenesis is not well understood.  

Here, we compared the miRNA expression level by RT-qPCR in 16 prostate cancer 

patients, stratified according clinical risk and 5 normal controls, using dissection of 

epithelial and stromal compartments, in each step of carcinogenesis for each patient. We 

detected that microRNAs were deregulated in prostate cancer progression, principally in 

epithelial compartment, early during the transition to high-grade PIN. The deregulated 

miRs are associated with epithelial mesenchymal transition8 and reprogramming,9 in 

patients with high and intermediate risk but no in low risk patients. 
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Material and Methods 

Patients 

Sixteen patients with newly diagnosed prostate adenocarcinoma treated with radical 

prostatectomies and pelvic lymph node dissection were included retrospectively in this 

study. The patients were classified according to the D'Amico criteria. We also included five 

normal prostates of necropsies used as external controls. This study was approved by the 

Institutional Review Board with informed consent obtained in accordance with the 

Declaration of Helsinki.  

 

Tissue samples and pathologic analyses 

Radical prostatectomies and lymph node dissections were performed for therapeutic 

purposes; part of the remaining material after the diagnosis had been established was 

used for research. Histological diagnosis was performed by 2 different pathologists (RA, 

MR), and Gleason score was established according to the consensus criteria.10 Manual 

microdissection was performed in order to obtain pure populations of i) Morphologically 

normal epithelium ii) morphologically normal stroma, iii) high-grade prostatic intraepithelial 

neoplasia (PIN), iv) PIN-adjacent stroma, v) prostate adenocarcinoma, vi) 

adenocarcinoma-adjacent stroma and vii) metastatic adenocarcinoma (Figure 1). 

MicroRNA profiling  

Total RNA was extracted from formalin-fixed-samples using four 20-μm-thick paraffin 

sections and Recover All (TM) total nucleic-acid isolation-kit (Ambion, Cambridgeshire, 

UK), following the manufacturer’s protocol. MicroRNA expression was examined by RT-

qPCR in two steps, using oligo specific reverse transcriptions (TaqMan MicroRNA Reverse 

Transcription kit) and Taqman assays (Applied Biosystem) for hsa-miR-34a, hsa-miR-145, 

hsa-miR-101, hsa-miR-200b, hsa-miR-200c, hsa-miR-103, hsa-miR-107 and RNU24 

which was used as endogenous control for normalizations. Data was obtained using a 

Real-time PCR machine system (LightCycler® 480 System-Roche Applied Science) and 

only CT values <35 were considered for analyses. The expression levels in each tissue 

relative to normal controls were calculated using the 2-ΔCT method. 

http://www.roche-applied-science.com/lightcycler-online/
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Statistical analyses 

MicroRNA expression levels were expressed as the mean fold change +/- SEM (standard 

error of the mean). Differences between groups were assessed using a two-tailed Mann 

Whitney test. Results for comparisons were considered significant if the two-sided P value 

was <0.05.  Analyses were performed with the GraphPad software. 

 

Results 

Clinicopathological features 

The clinicopathologic characteristics of patients are shown in Table 1. Overall, sixteen 

patients were included in this study. The median age at the time of diagnosis was 57.5 

±8.2 (range 42–70 years). According to D’amico criteria, four patients were classified as 

low risk, four patients as intermediate risk and eight patients as high risk (four of which 

developed lymph node metastatic tumors). Fourteen patients were classified as stage pT2 

and two patients as stage pT3. All patients were treated with radical prostatectomy and 

pelvic lymph node dissections and five of them received additional radiotherapy because 

of their biochemical recurrence. The pathological analysis determined that all of the four 

low risk patients had a Gleason score 6, whereas intermediate and high risk patients had a 

Gleason score 7, except two patients who developed metastatic adenocarcinoma to lymph 

nodes; one of them with Gleason score 9, and the other 7 with a tertiary component of 

pattern 5.  

 

microRNA expression in morphologically normal epithelial and stromal 

compartments 

Microdissection was performed in tissues obtained from 5 necropsies and 16 

prostatectomy specimens in order to obtain pure populations of cells from epithelial and 

stromal compartments (Figure 1). In order to determine the expression levels of miRs in 

the whole set of normal tissues, we normalized the expression of each miR against 

RNU24 that was steadily expressed across the samples.  

Surprisingly we found a significantly reduced expression of the miR-200 family, miR-34a 

and miR-145 in morphologically normal epithelial tissues compared with external controls 

(Figure 2 A-D). As expected, these miRs were the most abundantly expressed in epithelial 
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tissues, according with their well-known tissue specificity, at least for the miR-200 family. 

In contrast, the miR-143, miR-101 and miR-103 did not exhibit differences in expression 

when compared with external controls (Figure 2 E-G). Of note, the miR-143, typically 

expressed in fibroblasts, was mostly expressed in stromal compartments, albeit with high 

variability, whereas the miR-101 and miR-103 were weakly expressed in both epithelial 

and stromal compartments.  

The observed tissue specificity in the expression of these miRs validates our 

microdissecction procedure. In addition, these results also point out that altered 

expression of miRs in adjacent normal tissues would mask differences in matched normal-

tumour comparisons.  

microRNAs deregulated during prostate carcinogenesis  

In order to examine the expression of our set of miRs along the carcinogenesis process, 

we compared the expression of each miR in high-grade PIN and cancer, relative to the 

expression in normal external tissues. This approach was performed in microdissected 

tissues from low and high risk patients, as well as from patients who developed the 

malignant disease, for which we also analyzed the ganglionar metastases. 

Regarding the miR-200 family, we found that low risk patients did not exhibit altered 

expression of neither miR-200c nor miR-200b during the carcinogenesis process (Figure 

3A-3B). In contrast, intermediate and high risk patients displayed a marked downregulation 

of the miR-200c in high-grade PIN, and this expression resembles the one observed in 

patients who developed the metastatic disease. In contrast, the other member of the miR-

200 family, the miR-200b, was only significantly downregulated in high-grade PIN from 

high risk patients. 

Among the set of miRs analyzed, miR-34a was the only one to be altered in low risk 

patients. Specifically, this miR displayed a significant downregulation in high-grade PIN 

and cancer tissues from both low and high risk patients, as well as in ganglionar 

metastases (Figure 3C). In marked contrast, the miR-145 displayed a diminished 

expression in high-grade PIN and cancer tissues from intermediate and high risk patients, 

as well as from patients who developed metastasis, but not in low risk patients (Figure 

3D). Of note, the lowest expression of this miR was observed in ganglionar metastases. 
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Finally, no significant changes in expression were identified for miR-143, miR-101, or miR-

103 in the different steps of prostate cancer progression (Figure 3E-G).  

On the other hand, although changes in the expression of some miRs have been reported 

to occur in cancer associated fibroblasts, we did not detect differences during the 

progression of prostate cancer in stromal tissues for any of the miRs analyzed (data not 

shown). 

Discussion  

MicroRNAs are master regulators of signaling circuits controlling cellular processes 

commonly disrupted in cancer cells, collectively known as “hallmarks of cancer”. To date, 

more than 100 miRs have been shown to be altered in PC when compared to normal 

tissue and some are expected to play a role in tumor progression.11 Intriguingly, we found 

that benign epithelial tissues exhibit reduced expression of miRs, especially those 

abundantly expressed in the epithelial compartment. In fact, other types of epigenetic 

alterations have been reported to occur in phenotypically normal cells adjacent to cancer12  

a phenomenon termed “the field cancerization” effect.13 This observation highlights the 

importance to use normal external controls instead of matched normal-tumour samples for 

reliable comparisons. 

Using this approach, we aimed to characterize the expression of these miRs throughout 

the entire carcinogenesis process which might elucidate key differences between indolent 

patients and individuals that will develop the aggressive form of this disease. We found 

that some of the miRs previously reported to be downregulated in PC, such as the miR-

200 family, miR 34a and cluster miR-143/14514 are already deregulated early on high-

grade PIN. Indeed, several genetic and epigenetic alterations have been reported to occur 

in this precursor lesion,15  thus supporting the hypothesis of PIN to PC transition.  

 

According with the multistep carcinogenesis model, specific genetic changes would be 

necessary for the acquisition of the malignant phenotype. However despite of intense 

efforts, no metastasis driver genes have been found so far. Given that the metastatic 

cascade is a complex process that involves reversible phenotypic conversions between 

epithelial and mesenchymal differentiation states, epigenetic mechanisms must be also at 

play. In this regard, the reduced expression observed for the miR-200 family16 and miR-

34a,17 previously implicated in EMT, offers a plausible scenario that account for the 
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acquisition of metastatic traits in a pre-invasive stage such as high-grade PIN. How this 

miR deregulation is achieved remains to be defined but it is worth mentioning that 

telomere instability,18 a common alteration found in PIN, impinges on the expression of the 

miR-200 family and triggers the EMT program.19  

On the other hand, recent evidence claims the existence of cancer stem cells, a minor 

subpopulation of cells within tumours that might be responsible for tumor initiation, 

therapeutic resistance and tumor metastasis in solid tumours including prostate cancer. 

Interestingly, we found that high risk patients but not low risk patients present a 

concomitant downregulation of miR-34a and miR-14520,21 both of which target stemness 

factors such as OCT4, SOX2 and NANOG. Furthermore the lowest expression of miR-145 

was found in ganglionar metastases according with its proposed role as prognostic factor. 

Therefore, although the  activation  of the  EMT program  has  been also  associated  with  

the  acquisition  of  stem  cell traits22, it seems that additional convergent mechanisms are 

required to endow a fully malignant phenotype in high risk patients. 

In conclusion, we found that deregulated expression of miRs involved in EMT and 

reprogramming can be found early on in high-grade PIN and we suggest that this is a 

critical mechanism for the acquisition of malignant traits deemed to govern the 

metastatatic phenotype.  

 

Author contributions 

MR, LJC and MMT conceived and designed the study; MR, RO, FG  collected all biological 
samples; MR and RO performed the experiments; MR and RA performed the pathologic 
diagnosis; MR, LJC assembled, analyzed and interpreted the data; MR and LJCV wrote 
the article; MMT supervised the work. 

 

References 

 1. Siegel R, Naishadham D, Jemal A: Cancer statistics, 2013. CA Cancer J Clin 63:11-30, 
2013 
 2. Hoffman RM: Clinical practice. Screening for prostate cancer. N Engl J Med 
365:2013-9, 2011 
 3. Taylor BS, Schultz N, Hieronymus H, et al: Integrative genomic profiling of human 
prostate cancer. Cancer Cell 18:11-22, 2010 



58 

 

 4. Tomlins SA, Mehra R, Rhodes DR, et al: Integrative molecular concept modeling of 
prostate cancer progression. Nat Genet 39:41-51, 2007 
 5. Spans L, Clinckemalie L, Helsen C, et al: The genomic landscape of prostate cancer. 
Int J Mol Sci 14:10822-51, 2013 
 6. Walter BA, Valera VA, Pinto PA, et al: Comprehensive microRNA Profiling of 
Prostate Cancer. J Cancer 4:350-7, 2013 
 7. Leite KR, Tomiyama A, Reis ST, et al: MicroRNA expression profiles in the 
progression of prostate cancer--from high-grade prostate intraepithelial neoplasia to metastasis. 
Urol Oncol 31:796-801, 2013 
 8. Park SM, Gaur AB, Lengyel E, et al: The miR-200 family determines the epithelial 
phenotype of cancer cells by targeting the E-cadherin repressors ZEB1 and ZEB2. Genes Dev 
22:894-907, 2008 
 9. Xu N, Papagiannakopoulos T, Pan G, et al: MicroRNA-145 regulates OCT4, SOX2, 
and KLF4 and represses pluripotency in human embryonic stem cells. Cell 137:647-58, 2009 
 10. Epstein JI, Allsbrook WC, Jr., Amin MB, et al: The 2005 International Society of 
Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am 
J Surg Pathol 29:1228-42, 2005 
 11. Watahiki A, Wang Y, Morris J, et al: MicroRNAs associated with metastatic prostate 
cancer. PLoS One 6:e24950, 2011 
 12. Yu YP, Ding Y, Chen R, et al: Whole-Genome Methylation Sequencing Reveals 
Distinct Impact of Differential Methylations on Gene Transcription in Prostate Cancer. Am J Pathol, 
2013 
 13. Trujillo KA, Jones AC, Griffith JK, et al: Markers of field cancerization: proposed 
clinical applications in prostate biopsies. Prostate Cancer 2012:302894, 2012 
 14. Schaefer A, Jung M, Mollenkopf HJ, et al: Diagnostic and prognostic implications of 
microRNA profiling in prostate carcinoma. Int J Cancer 126:1166-76, 2010 
 15. Bostwick DG, Qian J: High-grade prostatic intraepithelial neoplasia. Mod Pathol 
17:360-79, 2004 
 16. Paterson EL, Kazenwadel J, Bert AG, et al: Down-regulation of the miRNA-200 
family at the invasive front of colorectal cancers with degraded basement membrane indicates 
EMT is involved in cancer progression. Neoplasia 15:180-91, 2013 
 17. Siemens H, Jackstadt R, Hunten S, et al: miR-34 and SNAIL form a double-negative 
feedback loop to regulate epithelial-mesenchymal transitions. Cell Cycle 10:4256-71, 2011 
 18. Meeker AK, Hicks JL, Platz EA, et al: Telomere shortening is an early somatic DNA 
alteration in human prostate tumorigenesis. Cancer Res 62:6405-9, 2002 
 19. Castro-Vega LJ, Jouravleva K, Liu WY, et al: Telomere crisis in kidney epithelial cells 
promotes the acquisition of a microRNA signature retrieved in aggressive renal cell carcinomas. 
Carcinogenesis 34:1173-80, 2013 
 20. Huang S, Guo W, Tang Y, et al: miR-143 and miR-145 inhibit stem cell 
characteristics of PC-3 prostate cancer cells. Oncol Rep 28:1831-7, 2012 
 21. Liu C, Kelnar K, Liu B, et al: The microRNA miR-34a inhibits prostate cancer stem 
cells and metastasis by directly repressing CD44. Nat Med 17:211-5, 2011 
 22. Mani SA, Guo W, Liao MJ, et al: The epithelial-mesenchymal transition generates 
cells with properties of stem cells. Cell 133:704-15, 2008 

 



59 

 

 

 

 

 

 

 

 

 

Morphologically normal tissue        Intraepithelial Neoplasia           Prostate Cancer                      Metastasis 

 

 

Figure 1. The microRNAs were analyzed in epithelial, and stromal compartments for each 
patient in the different cancer progression steps, from morphologically normal tissue, high-
grade prostatic intraepithelial neoplasia, adenocarcinoma to metastatic adenocarcinoma. 
Each compartment was manually microdissected for extracting pure population. Epithelial 
component, surrounded by broken black lines  (n= number of epithelial compartments 
analyzed), (n= number of stromal compartments analyzed) 
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Table 1. Clinicopathologic Characteristics of the Prostate Cancer Patients 

Nb Age 

(years) 

Gleason 
score 

% of 
involvement   

PSA at 
diagnosis 

 

D’Amico 

Classification 

TNM Additional 

Treatment 

PSA  

afer RP 

Biochemic
al 

Recurrence 

(mo) 

Follow up 

(mo) 

1 43 3+3=6 12 2.6 Low pT2cPNXM0  0.07  50 

2 42 3+3=6 29 10.8 Low pT2cpN0M0 RA 0.05 72 108 

3 56 3+3=6 22 4.8 Low pT2cPNXM0 RA Undetectable 35 35 

4 46 3+3=6 30 6.5 Low pT2cPNXM0  0.03  43 

5 64 3+4=7 40 6.99 Intermediate pT2cpN0M0   0.002  47 

6 64 3+4=7 6 4.8 Intermediate pT2cpN0M0 RA 0.03 24 56 

7 67 3+4=7 24 8 Intermediate pT2cPNXM0  0.07  28 

8 59 3+4=7 6 1.9 Intermediate pT2cPNXM0  0.04  18 

9 50 3+4=7 33 31 High pT2cpN0M0  1.52  81 

10 61 4+3=7 20 12.5 High pT3bpNOM0 Dietibestrol RA 

Bicalutamide 

Docetaxel 

 Abiraterone 

2.6 109 109 

11 67 3+4=7 30 4.6 High pT2cpN0M0 Dietibestrol 0.07 94 94 

12 55 4+3=7 70 3.8 High T2bN0M RA 0.03 53 96 

13 53 4+3=7 with a 
tertiary 

component 
of pattern 5 

30 15,1  High pT2cN1M0.  ND ND ND 

14 57 4+3=7 45 13 High pT3bpN1M0 

 

Hormotherapy 

 

15.9 ND 31 

15 66 4+3=7 6.3 10.2 High pT2cN1M0.    Hormotherapy 

 ( Leuprolide) 

ND ND ND 

16 70 4+5=9 13 5.09 High pT2cN1M0.     ND  ND 

 

 

Nb, number of patient; % percentage of involvement of tissue resected; PSA, prostate specific 
antigen (ng/ml); TNM, Staging System for prostate cancer; PR, prostatectomy radical; RA, 
radiotherapy; mo, months; ND: no data 
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Figure 2.  The microRNAs were deregulated principally in epithelial component 

compared with benign tissue from normal controls.  Normal controls was referred as 

normal. Low+intermediary risk was referred as Low; High risk included patients with or 

without metastatic disease was referred as High. **P<0.01, *P<0.05. 
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Figure 3.  The deregulation of microRNAs was detected in the transition from benign 

component to PIN.  The microRNAs deregulated have been associated with EMT 

program and reprogramming. The patients were classified according D’amico criteria: low, 

intermediate, high risk, in the late group the patients who develop metastasis, were 

considered as a separated group. ***P<0.001 **P<0.01, *P<0.05. 

 



63 

 

3.3. MEDIASTINAL LARGE B-CELL LYMPHOMA (PMBCL) 

 

In this study, we assessed the expression level of clusters miR-17-92, miR106a-363, and 

miR-106b-25, in 40 patients with newly diagnosed PMBCL, using quantitative reverse 

transcription–polymerase chain reaction, TaqMan assays, for dissecting the contribution of 

each member of the cluster and their paralogs. We compared these results with twenty 

patients with Diffuse large B-cell lymphoma, not otherwise specified (DLBCL), and twenty 

Nodular sclerosis classical Hodgkin lymphoma (NSCHL) with mediastinal involvement, 

which are morphologically and molecularly related, respectively, to PMBCL (Figure 1).11 

(Some patients DLBCL have been previously characterized and published 3.4.  “Aflibercept-

mediated early angiogenic changes in aggressive B-cell lymphoma”) 

 

We found microRNAs that are differentially expressed in PMBCL, compared with DLBCL, 

but there was no significant difference in the expression level compared with NSCHL. 

There is only an overexpressed microRNA in PMBCL. We confirmed this result in human 

cell lines (Karpas-1106P, and SU-DHL5).  Then, we identified the targets of this 

overexpressed microRNA in PMBCL, using prediction algorithms, gene expression 

profiling by microarray, and functional enrichment analysis for exploring possible molecular 

pathways, where this microRNA could participate in oncogenesis of PMBCL.   

Actually, we are evaluating the putative target genes in tissue samples of PMBCL and 

human cell lines, assessing gene expression level and protein levels. Finally, using cellular 

model, we will inhibit and induce up-regulation of this microRNA, to assess the impact of 

this miR in putative molecular targets and tumoral cell phenotype, for better understanding 

PMBCL lymphomagenesis. 

The results of this study will be shown, when this research project is finished and the 

article is published. 
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Figure 1. Diagram for analysis of role of oncogenic cluster and its paralogs in 

PMBCL 
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Abstract 
 
Purpose: Diffuse large B-cell lymphoma is the most common and one of the most 
aggressive lymphomas in adults. The standard, R-CHOP-based treatment needs 
improvement. There has been recent interest in antiangiogenic therapy, but its cellular 
effects in lymphoma are little known.  
 
Methods: In five aggressive B-cell lymphoma patients, we analyzed the microvessel and 
lymphoma cell changes after Aflibercept, an angiogenic inhibitor. Under ultrasonography, 
we performed two biopsies, one before any treatment and one two hours after Aflibercept, 
before R-CHOP. Using ultrasonography, immuno-histochemistry, double immuno-
fluorescent staining, and electron microscopy, we compared the early changes induced by 
Aflibercept to the early changes induced by R-CHOP in three control patients. 
 
Results: We identified microvessel damage in the five patients treated with Aflibercept but 
not in the three patients treated with R-CHOP. Two hours after Aflibercept, microvessel 
damage was focal, with severely damaged microvessel sections close to normal ones in 
the same area; different stages of microvessel damage were concomitantly found, with an 
increase in relative necrosis area in three cases. There was no difference in necrosis or 
relative microvessel area after R-CHOP. For lymphoma cells, the two biotherapies induced 
similar changes, with increase in apoptosis but not in proliferation. 
 
Conclusion: We identified focal microvascular damage, necrosis, and apoptosis of 
lymphoma cells in aggressive B-cell lymphoma as soon as 2 h after Aflibercept. This 
suggests that there is more than one mechanism associated with the early effect of anti-
angiogenic therapy in lymphoma. 
 
Keywords Anti-angiogenic therapy, Aggressive B-cell lymphoma, Microvascular damage, 
Tumor cell death 
 
 
 
 
Introduction 
 
Diffuse large B-cell lymphoma (DLBCL) is the most common and one of the most 
aggressive lymphomas in adults, accounting for 31% of non-Hodgkin’s lymphomas. 1 The 
standard of care for patients with DLBCL is based on a cytotoxic regimen, with 
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cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP), and the addition since 
2002 of R-CHOP, an anti-CD20 antibody, which has improved response to treatment, 
overall survival (OS), event-free survival (EFS), and progression-free survival (PFS) 2, 3. 
However, the outcome of these patients remains poor with 5-year OS, EFS, and PFS at 
58, 47, and 54%, respectively. 4 Therefore, there is great interest in developing new 
therapies to improve these results. One of these strategies is to target tumor angiogenesis. 
Angiogenesis in lymphoma has clearly been associated with adverse outcome, and 
particularly the expression of VEGF and VEGF-R in lymphoma cells 5, 6 and high levels of 
VEGF in blood and in tissue.7 Moreover, VEGF may play a direct role in lymphoid cell 
development via an autocrine loop.8 Angiogenic microvessels, different from normal 
microvessels, are the proposed targets for anti-angiogenic agents. Anti-angiogenic drugs 
may act by inhibiting synthesis of angiogenic proteins by cancer cells, neutralizing 
angiogenic proteins, inhibiting endothelial receptors for angiogenic proteins, or directly 
inducing endothelial cell apoptosis. There are antibodies and small molecules capable of 
targeting angiogenic growth factors (VEGF, bFGF) and their receptors (VEGFR and 
PDGFR).9 However, the cellular effects of antiangiogenic therapy in microvessels in 
lymphoma have not been studied so far. Aflibercept, a recombinant fusion protein, with 
human VEGF receptor extracellular domain fused to the Fc portion of human IgG1, binds 
to VEGF-A, VEGF-B, PIGF1, and PIGF2, and inactivates circulating VEGF. Recently, 
Aflibercept (AVE0005, VEGF-Trap) was evaluated in combination with R-CHOP in B-cell 
lymphoma in a phase I open-label dose escalation trial (GELA-TCD10173-EudraCT 
number: 2007-003737-16). Using US-guided biopsies before treatment and 2 h after the 
first injection of Aflibercept, before R-CHOP, we aimed to study the early tumor changes 
induced by this anti-angiogenic agent in five aggressive B-cell lymphomas. We compared 
the results with those obtained in three patients biopsied before and 2 h after the injection 
of R-CHOP. 
 
Design and methods 
 
Patients 
Eight patients with newly diagnosed aggressive B-cell lymphoma had superficial lymph 
nodes. For each patient, two ultrasonography-guided core needle biopsies were 
performed, at the same time points, (i) before any treatment and (ii) two hours after the 
first Aflibercept injection, before R-CHOP, for the five patients included in TCD10173 or (iii) 
two hours after the first R-CHOP injection, for the three control patients. The 5 patients 
who received Aflibercept (AVE005, VEGF Trap-Sanofi-Aventis) at the dose of 6 mg/kg, via 
intravenous infusion, prior to R-CHOP: Rituximab (375 mg/m2 D1) combined with CHOP 
(Prednisone (p.o) 40 mg/m2 D1 to D5, Doxorubicin (i.v.) 750 mg/m2 D1, Vincristine (i.v.) 
1.4 mg/m2 (max 2 mg), Methotrexate (I.T.) 15 mg D1) every 3 weeks for 8 cycles 
(EudraCT or IND number: 2007-003737-16), were 3 men and 2 women. The 3 control 
patients treated with R-CHOP alone were 2 men and 1 woman. Approval for these studies 
was obtained from the Institut Universitaire d’Hematologie-Hôpital Saint Louis Institutional 
Review Board. All patients were informed on the investigational nature of the therapeutic 
study, and all gave written informed consent, in accordance with the regulations of the 
Institut Universitaire d’Hematologie-Hopital Saint Louis. For the 8 patients overall, the 
median age at the time of diagnosis was 60.6 ± 17 years (range 26–82 years). 
Performance status ranged from 0 to 2, Ann Arbor stage was I for one patient, II for three 
patients, III for two patients, and IV for the other two. The number of extra-nodal sites 
varied from 0 to 2, and the number of nodal sites from 1 to 5. LDH level was high in seven 
patients. The International Prognostic Index (IPI) was 1 for two patients, 2 for four patients, 
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3 and 4 for the other two (Table 1). According to WHO 2008 criteria,10 one case was 
Burkitt Lymphoma, the other seven cases were diffuse large B-cell lymphoma (DLBCL), 
centroblastic morphologic variant. Their immuno-histochemical subgroup was established 
according to the Hans algorithm11 combining the analyses of CD10, BCL6, and 
IRF4/MUM1 expression. Six cases were CD10 and BCL6 negative and MUM1 positive. 
Therefore, they were classified as belonging to the non-germinal center subgroup DLBCL. 
 
 

 
 
US-guided biopsies  
 
The two series of core needle biopsies: (i) before any treatment and (ii) 2 h after the first 
Aflibercept injection and before R-CHOP for five patients or 2 h after the first R-CHOP 
injection for three patients, were performed under ultrasonography (US) guidance. All vital 
structures surrounding the lymph node were first identified under US to ensure a safe 
procedure. The largest lymph node was then targeted, taking into account optimal access 
for both the patient and the radiologist. When the first biopsy was performed, the lymph 
node localization was recorded in order to find it easily for the second biopsy. The largest 
dimensions of the lymph nodes in short axis were recorded. Lymph node echogenicity 
relative to muscles was assessed using a simple scale (4: hyper-, 3: iso-, 2: hypo-, 1: 
anechogenic). Macro vascularization was quantified using a binary scale (0: no vessel in 
color Doppler, 1: vessels seen in color Doppler). Percutaneous biopsies were performed 
under sterile conditions and local anesthesia, with a 14 gauge semi-automated biopsy gun 
to obtain 20-mm tissue cores (SuperCoreTM Biopsy Instrument, Angiotech, FL, USA). A 
coaxial technique was used in all cases, as it enables multiple samples to be taken without 
repeating the biopsy procedure. Tilting the device before introducing the biopsy guide 
enabled the operator to collect multiple lymph node samples in both center and periphery, 
and eliminate heterogeneous patterns of infiltration or transformation within a given lymph 
node.12 For each biopsy procedure, six cores of tissue were obtained, two were AFA-fixed 
and paraffin-embedded, two were glutaraldehyde-fixed and epoxyresin-embedded, and 
two were snap-frozen.  
 
Pathological analyses 
Microvessel study was performed using two complementary methods: (i) scanned whole 
slides analyzed using Cell software (Olympus-Tokyo), on five different fields at 9400 
magnification. The ratio of CD31-stained (Dako-Denmark) microvessel surface area to 
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tumor surface area provided the relative microvessel area; (ii) ultrastructural analysis, 
performed on a Hitachi-H7650 electron microscope, focused on endothelial cells, 
basement membranes and pericytes. For this microvessel study, three cases of reactive 
lymphoid hyperplasia were included as controls. Cell proliferation was assessed using the 
Ki67 (Immunotech-France) index on 5 different fields at 9400 magnification, under a 
Provis-AX-70 microscope with a 0.344-mm2 field size at 9400 magnification. The type of 
cell death was characterized using electron microscopy, according to the Nomenclature on 
cell death 2009.13 Quantification was performed: (i) for necrosis on scanned whole slides 
(Dotslide-software) and expressed as the ratio between necrotic areas and tumor area; (ii) 
for apoptosis of lymphoma cells in five different fields at 9400 magnification on semi-thin 
sections; (iii) for apoptosis of endothelial cells in five different fields at 9400 magnification 
using double immuno-fluorescent staining for CD31(Abcam) and cleaved Caspase-3(Cell 
signaling).  
 
Statistical analyses 
Measures were expressed as the mean number per field plus or minus SEM (standard 
error of the mean). Differences between analyses before and after treatment were 
assessed using the Wilcoxon signed-rank test. Results for comparisons were regarded as 
significant if the 2-sided P was\0.05. Statistical analyses were performed using S-plus2000 
software (MathSoft Inc-Berkeley-CA).  
 
Results  
 
Lymph node changes in ultrasonography B mode and Color Doppler  
 
Ultrasonography in B mode for the five patients under Aflibercept showed that enlarged 
lymph nodes before treatment were cervical in 2 cases, supraclavicular in 2 cases, and 
axillary in 1 case; the largest short axis diameters ranged from 15 mm to 24 mm (mean 21 
± SEM 1.6 mm). All three patients under R-CHOP had before treatment enlarged cervical 
lymph nodes; the diameters ranged from 20 mm to 24 mm (mean 21.3 ± SEM 0. 8 mm). 
No significant change in tumor size was found after treatment in any of the eight patients. 
On biopsies performed before Aflibercept, lymph nodes were hypoechogenic in 4 patients 
and isoechogenic in 1 patient. On biopsies performed before R-CHOP, lymph nodes were 
hypoechogenic in the three patients. A significant change in echogenicity was observed in 
only one patient, two hours after Aflibercept (case 4). In this case, a hypoechogenic lymph 
node displayed anechogenic areas, interpreted as necrosis (Fig. 1). A significant Color 
Doppler signal was recorded in one patient before treatment (case 2). In the other patients, 
lymph nodes displayed weak vascularisation signal. No changewas observed after 
treatment, except in one patient after Aflibercept (case 1) who had a decrease in 
perfusion. During the two biopsy procedures performed for each patient, before any 
treatment and 2 h after treatment, it proved possible to take six different tumor samples 
without inducing any immediate or delayed side effect. 
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Figure 1.  Lymph node ultrasonographic aspect in B mode and Color Doppler before and 2 h 
after Aflibercept. a Nosignificant tumor size change was found after 2 h of Aflibercept. b No 
significant change in echogenicity was observed after treatment except for one patient (case 4) with 
a hypoechogenic lymph node and anechogenic areas interpreted as necrosis (surrounded by 
broken white lines). c With Color Doppler, no change in vascularization was observed after 
Aflibercept, with the exception of perfusion decrease in case 2, a patient who rapidly responded to 
treatment 

 
 
Tissue damage was found as early as 2 h after Aflibercept  
 
On lymph node sections, quantitative analyses performed on virtual slides before and after 
treatment (Table 2) showed a significant difference (P<0.01) for necrosis areas only in 
patients having received Aflibercept (cases 1, 2, and 4), and not in those having received 
R-CHOP. However, in this small series of patients, there was no relationship between the 
extent of necrosis two hours after Aflibercept and the clinical evolution after one year of 
follow-up. Systematic ultrastructural study enabled us to demonstrate, as early as two 
hours after Aflibercept, different stages of vascular damage, with focal alterations in the 
microvessel network. These microvessel changes were not found two hours after R-
CHOP.  
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Aflibercept-induced microvessel damage was focal, and with different lesional 
stages. 
 
Before any treatment, microvessel changes were present in the eight lymphoma patients, 
at the ultrastructural level, in the form of: (i) tortuous, enlarged blood vessels (ii) 
intraluminal bridging (iii) focal thinning of vascular walls (iii) pericytes loosely attached. 
These changes were not found in reactive lymphoid hyperplasia. The relative microvessel 
area before any treatment varied from 1.93 to 11.42% (mean 4.3 ± SEM 1) (Table 2). It 
showed a significant diminution (more than 50%) after Aflibercept in cases 1 and 2 (Fig. 
2a). Therewas no significant diminution after R-CHOP. Two hours after Aflibercept, a 
striking feature in all 5 biopsies was the focal nature of the microvessel damage, with 
severely damaged microvessel sections close to normal ones in the same area. Different 
stages of microvessel damage were found (i) signs of endothelial cell activation with 
cubodial endothelial cells protruding into the microvessel lumen, (ii) partial deletion of the 
endothelial cytoplasm (Fig. 2ba), iii) destruction of all endothelial cells in one microvessel 
section, with a ‘‘ghost-like’’ aspect of the remaining cytoplasmic structures, (iv) microvessel 
wall destruction, with disappearance of the microvessel lumen and thrombus formation, 
without any associated signs of microvessel repair such as endothelial cell mitoses, or 
circulating endothelial cells. These alterations were not found after R-CHOP. We 
confirmed endothelial cell apoptosis after Aflibercept, but not after R-CHOP, using double 
immunofluorescent staining for CD31 and Caspase-3 (Fig. 2bb).  
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Fig. 2 Early focal vascular damage induced 2 h after Aflibercept in human aggressive B-cell 
lymphomas. a. The systematic study of relative microvessel areas showed a significant diminution 
after 2 h of Aflibercept in two cases, but not after R-CHOP. (CD31 immunostaining, magnification 
9400, scale bar: 20 lm). b Microvessel damage was found in all 5 biopsies after Aflibercept, but not 
after R-CHOP or in reactive lymphoid hyperplasia: a Ultrastructure also shows partial deletion of the 
endothelial cytoplasm (broken white lines) 2 h after Aflibercept, but not after RCHOP or in reactive 
lymphoid hyperplasia. L.: Lumen, Ultra-thin sections scale bar: 2 lm. b Double immunofluorescent 
staining for CD31 and Caspase-3 shows endothelial cell apoptosis 2 h after Aflibercept but not after 
RCHOP or in reactive lymphoid hiperplasia. 

 
 
Aflibercept-induced changes in lymphoma cells 
 
Cell proliferation, measured by the Ki67 index (Fig. 3a), was high in all eight lymphoma 
patients (range 71-98%, mean 87.1% ± SEM 3.3) before treatment. There was no 
significant difference after Aflibercept (mean 84% ± SEM 5.4), or after R-CHOP (mean 
76.7% ± SEM 5.4) (Table 2). Interestingly, different types of tumor cell death were induced 
by the two types of treatment (Fig. 3b; Table 2). Necrosis was only found in one DLBCL 
case before treatment. The relative necrosis area significantly increased in three DLBCL 
patients after Aflibercept, but it remained unchanged after R-CHOP. Apoptosis was 
present before treatment in all eight cases (range 2.7–61.2 apoptotic cells/field at 9400 
magnification). The number of apoptotic cells significantly increased in the five patients 
treated with Aflibercept (range 5.7–69 apoptotic cells/field at 9400 magnification) and in 
two of the three patients treated with R-CHOP (range 5.7–95 apoptotic cells/field at 9400 
magnification). The apoptosis/mitosis ratio was also significantly increased after treatment 
in the same cases, except for one Burkitt lymphoma treated with Aflibercept (case 5). 
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Figure. 3 Lymphoma cell changes induced 2 h after Aflibercept or after R-CHOP 
treatments. a Cell proliferation did not differ significantly two hours after Aflibercept or 
after R-CHOP.(Ki67 immunostaining, magnification 9400, scale bar:20 lm). b Necrosis and 
apoptosis assessment. a Comparison of necrosis area (N, surrounded by broken black 
lines) showed a significant increase in relative necrosis areas two hours after Aflibercept in 
three patients but not after R-CHOP. b Apoptotic cells (white arrows) were more numerous 
two hours after Aflibercept or R-CHOP. Ultrathin sections, scale bar 10 µm 
 
 
 
Discussion 
 
Microvessel damage was observed as early as 2 h after treatment in the five patients 
treated with Aflibercept, but not in the three patients treated with R-CHOP. As far as we 
know, no systematic study of the early effects of antiangiogenic therapy in human 
lymphoma has been reported. Previous experimental studies have shown that VEGF-Trap 
induces a diminution in microvessel density after 24 h in mice with pancreatic tumors,14 
and tumor necrosis after 5 days in human Wilms’ tumor xenografts.15 Before any 
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treatment, our systematic ultrastructural study showed microvessel changes in the 8 
lymphoma patients but not in the three cases of reactive lymphoid hyperplasia. 
Heterogeneous patterns of this nature have been described in human B-cell lymphoma 16 
and experimental studies have shown that, unlike normal vessels, tumor vessels are not 
arranged in a hierarchical pattern, but are irregularly spaced and structurally 
heterogeneous.17, 18 Two hours after Aflibercept administration, a striking feature in all 5 
biopsies was the focal nature of the microvessel damage, with severely damaged 
microvessel sections close to normal ones in the same area. This type of distribution could 
be linked to the tumor microvessel heterogeneity observed before treatment, since 
immature blood vessels are thought to be more sensitive to anti-angiogenic drugs.19, 20 
This microvessel damage was not found after R-CHOP. Different stages of microvessel 
damage were concomitantly observed after Aflibercept. The mildest changes were signs of 
endothelial cell activation with cubodial endothelial cells protruding into the microvessel 
lumen. Ultrastructural signs of endothelial activation have not been so far reported in 
aggressive lymphoma treated with antiangiogenic drugs. Only VCAM elevation, a 
biological sign of endothelial cell activation, has been found in mantle cell lymphoma and 
DLBCL treated with Bevacizumab. In our cases, more severe endothelial cell damage with 
apoptosis of endothelial cells, confirmed by double immunochemistry, or partial deletion or 
complete destruction of endothelial cell cytoplasm, were also observed after Aflibercept, 
but not after R-CHOP. It has been established that endothelial cytoplasm damage leads to 
exposure of the subendothelial basement membrane, further platelet activation and 
thrombosis.21 This is in line with our observation of micro-thrombus formation, together 
with the disappearance of microvessel lumina and microvessel wall destruction, 2 h after 
Aflibercept administration. Quantitative studies also showed the specific effect of 
Aflibercept on microvessels, with a diminution in the relative microvessel area and an 
increase in the relative necrosis area in patients treated with Aflibercept but not in patients 
treated with R-CHOP. Previous reports on the subject of VEGF-Trap-induced lesions, but 
in experimental models and at later times, have shown a considerable reduction in tumor 
vasculature and cell proliferation.22 In the present study, cell proliferation did not differ 
significantly two hours after Aflibercept. It was thus possible to show that microvessel 
damage was the initial change in our early biopsied lymphoma cases. Interestingly, there 
was also a significant increase of tumor cell apoptosis in all cases two hours after 
Aflibercept. This early double effect of anti-VEGF therapy on the microvessel network and 
on tumor cells, which we here identified through direct observation of human lymphoma 
samples, is in line with experimental data: blocking tumor VEGF-R1 in xenografted human 
DLBCL has been reported to decrease tumor volume by reducing vascularization and 
increasing tumor apoptosis.23 
We used US-guided lymph node biopsies, which can be repeated without side effects, 24 
with systematic association of glutaraldehyde fixation, cryopreservation, and formalin 
fixation for tumor samples. This enabled us to establish the diagnoses and to identify early 
vascular and tumor cell changes that could not have been detected in paraffin or cryocut 
sections. However, in this limited series of patients, the correspondence between 
ultrasonographic and histological analyses was weak. This is in agreement with previous 
experimental studies using Doppler to quantify changes in blood flow during anti-
angiogenic therapy.25 Contrast enhancement in ultrasound techniques has been recently 
proposed to assess human tumor vascularization, and to calculate tumor tissue 
perfusion.26 
 
In conclusion, we identified early focal microvascular damage, necrosis, and apoptosis of 
lymphoma cells in aggressive B-cell lymphoma as early as 2 h after Aflibercept. This 
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suggests that there is more than one mechanism associated with the early effects of anti-
angiogenic therapy in lymphoma. 
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CHAPTER 4. CONCLUSIONS  

So far, disease has been considered as the result of an intricate interaction between the 

genetic background of an individual and the exposure to environmental risk factors. 

However this interaction is not straightforward, given that can be modulated by different 

types of epigenetic mechanisms. As a proof of principle, disruption of such regulatory 

mechanisms might also lead to adverse outcomes.  

The tight control of gene expression by microRNAs in physiological conditions and its 

disruption in pathological conditions represents a fascinating example. Here We 

investigated the connection between deregulated expression of miRs and their related 

cellular outcomes in three different pathological contexts. 

In the Fanconi Anemia study, we found that overexpression of miR-34a, a well-known 

transcriptional target of p53, is associated with increased apoptosis, particularly in patients 

with severe Acute Graft-versus-Host Disease. Interestingly, however, we found that this 

effect was p53-independent, thus providing evidence for the existence of a non-canonical 

mechanism downstream the DNA damage response that remains entirely to be explored. 

 

In the Prostate Cancer study, we found that loss of expression of the miR-200 family, miR-

34a and miR-145, particularly in high risk patients, is present in high grade prostatic 

intraepithelial neoplasia, a pre-invasive stage. These alterations might account for the 

activation of the epithelial to mesenchymal transition program and reprogramming, key 

features of the malignant phenotype. Thus, early alteration in the expression of these miRs 

could be a driving force for the progression of prostate cancer toward the metastatic 

disease. Further characterization of other miRs implicated in prognosis is warranted. 

 

 

In the Primary Mediastinal Large B-Cell Lymphoma study, we found distinct deregulations 

of miRs belonging to the oncogenic cluster miR-17-92. Moreover, based on bioinformatic 

predictions and integrative transcriptomic analyses, we succeed in identifying new 

potential targets for further experimental validation. Gain of function and loss of function 

experiments in a cellular model are under current evaluation. These experiments are a 

step forward to understand the precise role of these miRs in PMBCL lymphomagenesis. 

http://www.ncbi.nlm.nih.gov/pubmed/12946993
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In conclusion, studying deregulation of microRNAs in pathological settings is a valuable 

approach for a better comprehension of mechanisms of disease. 
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