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SUMMARY 

 
B-chronic lymphocytic leukemia (B-CLL) is the most frequent hematological malignancy 

in western countries. Currently it is accepted that B-CLL could be preceded by a 

clinically silent monoclonal B-cell lymphocytosis (MBL), characterized by the presence 

of small populations of circulating clonal CLL-like B-cells in otherwise asymptomatic 

subjects. The prevalence of MBL is very high, as MBL clones can be detected in around 

12% of healthy subjects older than 40 years. The present project aims at gaining insight 

into the ontogenesis of the disease (identifying the potential events involved in the 

emergency of MBL clones) and in the progression of MBL B-cells to B-CLL, through 

extensive studies (immunophenotypic, genetic, molecular and serum analyses) 

performed on the following series of cases. 

 

Our data suggest that once these monoclonal populations are detected in healthy 

individuals they remain in peripheral blood (PB) for long periods of time. Our results 

also suggest a potential role of infectious agents in the development of “low-count” 

MBL in the general population, particularly of those involved in respiratory infections. 
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ABBREVIATIONS 

Ab: Antibody 
Ag: Antigen  
ATM: Ataxia telangiectasia mutated  
BM: Bone marrow 
Bcl2: B-cell lymphoma 2 
BCR: B-cell receptor 
BL: Burkitt lymphoma  
B-CLL: B-cell chronic lymphocytic leukemia 
B-CLPD: B-cell chronic lymphoproliferative disorders 
B-PLL: B-cell prolymphocytic leukemia  
CD: Cluster of differentiation 
CMV: Cytomegalovirus 
DNA: Deoxyribonucleic acid  
EBV: Epstein-Barr virus 
FL: Follicular lymphoma  
GC: Germinal center  
HBV: Hepatitis B virus 
HCV: Hepatitis C virus 
HIV: Human immunodeficiency virus 
HCL: Hairy cell leukemia 
iFISH: Interphase fluorescence in situ hybridization 
IGHV: Immunoglobulin heavy chain variable region 
LPL: Lymphoplasmacytic lymphoma  
MALT: Mucosa-associated lymphoid tissue 
MBL: Monoclonal B-cell lymphocytosis 
MCL: Mantle cell lymphoma  
miRNAs: micro-RNAs 
NCI-WG/IWCLL: National Cancer Institute Working Group/International Workshop on 
Chronic Lymphocytic Leukemia 
OR: Odds ratio 
PB: Peripheral blood 
SLL: Small lymphocytic lymphoma  
SMZL: Splenic marginal zone lymphoma  
TP53: Tumor protein 53 
WBC: White blood cells 
WHO: World Health Organization 
WM: Waldenström macroglobulinemia 
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INTRODUCTION 

1. B-CELL CHRONIC LYMPHOPROLIFERATIVE DISORDERS 
 
B-cell chronic lymphoproliferative disorders (B-CLPD) are a broad and heterogeneous 

group of lymphoid malignancies, originated from the clonal expansion of 

morphologically mature B-lymphocytes, blocked at relatively advanced stages of 

differentiation (1-3). B-cell clonal expansion and accumulation may occur with 

predominant expression in bone marrow (BM) and peripheral blood (PB) (“primary 

mature B-cell neoplasms”), or in lymph nodes and other secondary lymphoid tissues 

("primary lymphoma mature B-cell neoplasms") (4). Interestingly, B-CLPD tend to 

mimic stages of normal B-cell differentiation, so that the resemblance to normal cell 

stages is one of the major basis for their classification and nomenclature, as described 

below. 

 

1.1 CLASIFICATION OF LYMPHOID NEOPLASMS OF MATURE B-CELLS  

 
Diagnosis and classification of B-CLPD have largely been based on cytological, 

histological and immunohistochemical criteria, in addition to clinical features (8-10). 

More recently, the current WHO classification of B-CLPD (published in 2001 and 

updated in 2008) is based on the utilization of all available information, and therefore 

each disease entity is defined not only on the basis of morphological and clinical 

characteristics, but also on immunophenotypical and genetic/molecular data (7,8).  

 
According to the 2008 WHO classification (8), the most common and relevant B-CLPD 

categories are the following: 

 

Primary leukemias: 

 B-cell chronic lymphocytic leukemia (B-CLL) / small lymphocytic lymphoma (SLL) 

 B-cell prolymphocytic leukemia (B-PLL) 

 Hairy cell leukemia (HCL) 
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These entities are presented in both classical and atypical forms and their variants (8). 

B-CLL, B-PLL and HCL initially manifest in PB and/or BM, but often there is an 

involvement of secondary lymphoid organs (spleen and/or lymph nodes, among 

others) (3). SLL is a particular case in this group, since usually debuts as a nodal 

lymphoma and not as a primary leukemia; despite this, SLL has been categorized by 

WHO together with B-CLL, since SLL clonal B-cells show morphological and 

immunophenotypical features identical to B-CLL cells. Therefore, the two entities are 

now considered by the WHO classification simply as different clinical manifestations of 

the same disease. 

 

Primary lymphomas: 

 Diffuse large B-cell lymphoma (DLBCL) 

 Follicular lymphoma (FL) 

 Mantle cell lymphoma (MCL) 

 Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue 

(MALT lymphoma) 

 Splenic marginal zone lymphoma (SMZL) 

 Nodal marginal zone lymphoma 

 Burkitt lymphoma (BL) 

 Plasmablastic lymphoma 

 Lymphoplasmacytic lymphoma (LPL)/Waldenström macroglobulinemia (WM) 

 

These entities initially affect the lymph nodes and/or the spleen, although frequently 

show leukemic dissemination, particularly FL, MCL, SMZL, DLBCL and LPL/WM. 

 

Plasma cell neoplasias 

 Multiple myeloma 
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1.2 RELATIONSHIP BETWEEN B-CLPD AND NORMAL B-CELL MATURATION STAGES 

 
As mentioned above, neoplastic B-cells from most B-CLPD usually reflect 

characteristics of normal B-cells blocked at specific stages of maturation (10). 

Consequently, several immunophenotypic studies have aimed to identify phenotypic 

features shared between neoplastic and normal mature B-cells, to establish the precise 

normal B-cell maturation stage from which malignant cells might derive (11). In this 

line, immunophenotype would allow us to refine classification of B-CLPD, according to 

the degree of maturation of neoplastic B-cells. This fact implies that a precise 

knowledge of the phenotypic profiles of normal B cells present in the different 

lymphoid tissues is mandatory. Accordingly, based on our knowledge of the 

maturation process of normal peripheral B-cells, B-CLPD can be divided into the 

following categories (Figure 1): 

 

 B-CLPD derived from pre-germinal center (GC) B-cells, therefore lacking somatic 

mutations in their immunoglobulin (IGHV) genes: some B-CLL/SLL, MCL and 

SMZL have been proposed to derive from a pre-GC cell.   

 B-CLPD derived from B-cells that have entered the GC, where somatic 

hypermutations in the IGHV genes occur. The most typical examples of GC-

derived neoplasms are FL, DLBCL and BL.  

 B-CLPD derived from post-GC B-cells (long-lived (pre)plasma cells) such as LPL 

and multiple myeloma. 

 B-CLPD derived from memory B-cells: some B-CLL/SLL, HCL and B-PLL. 

 

Note that, while the cellular origin of most B-CLPD can be located at a relatively precise 

stage of B-cell differentiation (Figure 1), B-CLL represents a particular case, since some 

evidence support its origin in a B-cell prior to the entry into the GC and others suggest 

that B-CLL cells result from a proliferation of B-lymphocytes selected during clonal 

expansion after their encounter with antigens in the GC. 
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Figure 1:  Diagrammatic representation of the cellular origin of B-cell chronic lymphoproliferative 
disorders. Backlines indicate continuous stages of B-cell maturation and blue lines show the neoplasms 
that have been proposed to originate from each stage of normal B-cell differentiation. Modified from 
13. 

 
 

In addition to the presence of phenotypic features similar to those found in their 

normal B-cell counterparts, it is well known that at the same time B-cells from B-CLPD 

show aberrant patterns of protein expression -presumably related to the genetic 

abnormalities carried by tumor cells and/or to an altered relationship with the tumor 

microenvironment (2)-, which allow their discrimination from normal B-cells. In turn, 

not just the similarities, but also the phenotypic differences of B-CLPD from normal B-

cells, are crucial to precisely classify these tumors into the distinct WHO categories. It 

is important to note that the most common B-CLPD in western countries is B-CLL (11). 

In addition to this, and the fact that this category of mature B-cell neoplasias will be 

our major reference for understanding "monoclonal B-cell lymphocytosis", its most 

important biologic characteristics will be reviewed in the next section of the present 

report.  
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2.  B-CELL CHRONIC LYMPHOCYTIC LEUKEMIA 

 
B-cell chronic lymphocytic leukemia (B-CLL) is a B-CLPD defined by the presence of 

more than 5x109 monoclonal B-lymphocytes per litre in PB, showing a typical 

morphology and phenotype (8, 12). Accordingly, from the morphological point of view, 

B-CLL cells are characteristically small, have a mature appearance (with a narrow 

border of cytoplasm and a dense nucleus lacking discernible nucleoli) and are found in 

PB, BM and/or other lymphoid tissues (12); also, B-CLL cells show a characteristic 

phenotype, described below in detail.  

 

As mentioned above, B-CLL is predominant in western countries, where they represent 

the most frequent leukemia of adults, corresponding to approximately 30% of all 

leukemias and 10% of all haematological malignancies (13,14), with an increasing 

incidence with advanced age (15). 

 

Although the causes of the disease are currently unknown, it is well documented that 

family history is one of the risk factors that predisposes to developing this neoplasia 

(16-18), and actually B-CLL has been found to have the highest genetic predisposition 

of all haematological neoplasias (8). Accordingly, between 6 and 9% of patients have a 

family history of B-CLL (19), and about 9 to 12% have a family history of other B-CLPD 

different from B-CLL (20). Although some reports suggest a potential role of some 

environmental factors in the aetiology of B-CLL (particularly auto- or exogenous 

antigens through BCR activation pathways) (21, 22), to date there are no convincing 

evidence supporting the role of environmental factors in the development of the 

disease (13). 

 

From the clinical point of view, B-CLL is a heterogeneous disease, including 

presentation, course and outcome. Most patients are asymptomatic, but sometimes 

they present constitutional symptoms, splenomegaly, hepatomegaly, 

lymphadenopathy, extranodal infiltration (23) and other manifestations such as 

autoimmune haemolytic anaemia or infections. Nevertheless, it is believed that 

patients diagnosed at an early stage of the disease and at risk of progression may 
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benefit from early treatment before the progression occurs. Therefore, it is necessary 

to identify markers for a reliable prognosis -especially at early stages of the disease-, to 

evaluate the use of new treatment options, as well as the combination of 

chemotherapy and/or immunotherapy at early stages of the disease. 

 

2.1 PHENOTYPIC CHARACTERISTICS 

 

B-CLL cells have a characteristic phenotype, associated with a low proliferative activity 

(25-27). In the typical forms (typical B-CLL) CD19 + neoplastic B-cells consistently co-

express CD5, CD23 and CD200 and show a weak reactivity for CD20, CD22, CD79b, 

CD81 and SmIg in the absence of FMC7. Also, a typical B-CLL cells express CD21, CD24, 

CD27, CD39, CD40, CD45RA, CD62L, sIgMlow and Cybcl2high. In the atypical forms of the 

disease, this phenotypic pattern takes different profiles (e.g., CD5-, CD23-, CD79b+, 

SmIg+ or FMC7+) (30). Both in the typical B-CLL and in atypical forms, the pattern of 

expression of other markers, such as CD11c, CD38, CD45RO, CD49d, CD80, CD95, 

CD124, CD126, CD130 and ZAP-70 is heterogeneous and variable from case to case 

(29-31). 

 

2.2 GENETIC CHARACTERISTICS 

 
From the genetic point of view, B-CLL is also a heterogeneous disease. Chromosomal 

abnormalities are detected in approximately 80% of the patients (31-34), from which 

the most common numerical alteration is trisomy 12 (present in around 25% of the 

cases) (36). This may be the first secondary genetic alteration, along or with other 

chromosomal abnormalities, probably reflecting a clonal evolution with disease 

progression. In addition, the presence of trisomy 12 has been associated with an 

increased frequency of B-CLL with atypical morphology and/or increased expression of 

SmIg and/or CD20 (36,37). In turn, the most frequent structural abnormality detected 

in patients with B-CLL is the loss of genetic material from chromosome 13, band 

deletion in 13q14.3, present in 35 to 60% of the cases, followed by deletions in 

chromosome 11 (11q22.3~q23.3) (5 to 20% of the cases) and 17p13 (5 to 16% of the 

cases) (25, 33, 34, 38). The presence and type of genetic abnormalities have an evident 
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prognostic impact: del(13q) or normal karyotype is usually related with a good 

prognosis, while patients with del(11q) or del(17p) or complex karyotypes show a 

worse outcome, associated with a significantly shorter survival. Also, the presence of 

del(17p) is related to lack of response to conventional therapy. B-CLL cases with 

trisomy 12 have an intermediate prognosis (33-35).  

 

Closely related with these genetic abnormalities, there have been identified some 

genes associated with B-CLL. Among them, there are two genes coding for micro-RNAs 

(miRNAs) present in the 13q14.3 region (miR-16-1 and miR-15a), the ATM gene in the 

region 11q22-23 and the TP53 gene in the 17p13 region (35,37,38). These latter two 

genes are involved in the regulation of death and apoptosis, conferring resistance to 

chemotherapy (e.g. fludarabine resistance), while the former genes (miR-16-1 and 

miR-15a) have been suggested to regulate the expression of the anti-apoptotic protein 

bcl2 (41). Moreover, recent studies propose that the ratio of bcl2 protein (apoptosis 

inhibitor) and proteins from bax family (cell death inductor) may be one of the most 

important mechanisms in the homeostasis of B-CLL: when bcl2/bax ratio is high, B-CLL 

lymphocytes would tend to accumulate and therefore they would become more 

resistant to treatment (21). 

 

2.3 MOLECULAR CHARACTERISTICS 

 
B-CLL cells express immunoglobulin that may (55% of the cases) or may not (45% of 

the cases) have incurred somatic mutations in the immunoglobulin heavy chain 

variable region genes; notably, the former cases show a more benign outcome and 

longer survival as compared to the latter ones (42). It is also important to note that 

previous studies suggest that the diversity of the expressed variable (V) region 

repertoire of the immunoglobulin H chain of B-CLL cells is restricted, suggesting a 

potential role for antigens in the pathogenesis of the disease (43,44).  

 

More recently, four genes have been identified after a B-CLL whole-genome 

sequencing study (45, 46), which are recurrently mutated in patients with this disease: 

NOTCH1 (12%), XPO1 (2.5%), MyD88 (3%) and KLHL6 (2%). Mutations in MyD88 and 
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KLHL6 are predominantly observed in cases of B-CLL that have mutated Ig genes (IGHV) 

while NOTCH1 and XPO1 were identified mainly in patients with non-mutated Ig.  

3. MONOCLONAL B-CELL LYMPHOCYTOSIS 
 
The revised National Cancer Institute Working Group/International Workshop on 

chronic lymphocytic leukemia (NCI-WG/IWCLL) recognized monoclonal B-cell 

lymphocytosis (MBL) as a new diagnostic category defined by the presence of a small 

population of circulating monoclonal B-cells (<5x109/L) in the PB of otherwise healthy 

subjects, whose clinical significance is currently unknown (42,47). 

 

The relationship between MBL, B-CLL and other B-CLPD has been an area of intense 

research over the last decade. Now we know that MBL is a stage that precedes B-CLL 

after a period of latency of several years, in virtually all cases (48, 49); however, 

apparently most MBL have limited ability to evolve into a B-CLL, and thus the rate of 

transformation into B-CLL or other clinically evident B-CLPD is around 1% per year (50). 

Another evidence supporting the relationship between MBL and B-CLL is that first-

degree relatives of patients with B-CLL show an increased prevalence of MBL (50-52). 

All these findings suggest that the presence of circulating B-lymphoid clones in healthy 

subjects could be a useful indicator for early diagnosis of the disease. Furthermore, the 

observation that MBL precedes B-CLL (48,49) highlights the need to study the early 

molecular events that lead to the development of B-CLL, whose knowledge will help to 

identify new therapeutic targets to delay or even prevent the progression to B-CLL. 

 

3.1 HISTORICAL BACKGROUND 

 
The discovery of the presence of monoclonal B-cell populations circulating in the PB of 

healthy subjects dates long back in time (54). Accordingly, in the 1980's, some of the 

earliest studies described the presence of circulating monoclonal B-lymphocytes -

usually phenotypically similar to B-CLL cells-, in otherwise healthy individuals, with no 

evidence of B-CLL or any other B-CLPD. (54-56). During this first period, confirmation of 

B-cell clonality was based on an Ig light chain restriction (imbalance in the κ:λ Ig light 
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chain ratio by flow cytometry) on CD19+ aberrant B-cells (50). After these early 

reports, as detection techniques by flow cytometry were increasingly improving their 

sensitivity, many other groups showed that this phenomenon is quite frequent and 

consistent in healthy individuals. Accordingly, the use of multiparametric flow 

cytometry, based on the simultaneous analysis of CD19, CD5, CD20 and CD79b, 

increased the ability to identify cells similar to B-CLL -and less frequent to other B-

CLPD-, so that it was possible to detect circulating monoclonal B-cells at frequencies up 

to one cell in 10,000 normal leukocytes (57-59). Consequently, circulating B-cell clones 

were identified not only in the diagnostic evaluation of a lymphocytosis ("clinical" MBL 

or MBL with lymphocytosis), but also through screening procedures of subjects from 

the general population with normal lymphocyte counts ("low count" MBL, or MBL in 

the general population).  

 

As the vast majority of cases carrying small populations of PB B-cell clones remained 

stable and without evidence of malignant disease for long periods of time (57), the 

term "monoclonal B-cell lymphocytosis, MBL" was created by international consensus, 

to designate a new category different from B-CLL and other B-CLPD (47). Once 

established the new category, it became necessary to know the prevalence of MBL in 

the general population, through the application of high-sensitive flow cytometry 

approaches; these more recent studies have reported an incidence of MBL ranging 

between 3 and 5 to 14%, depending on the sensitivity of the flow cytometry approach 

used (64). Moreover, it has been suggested that virtually all healthy adults from the 

general population over the age of 70 years, would have MBL clones (B-CLL-like MBL), 

after screening a large volume of PB (around 50 ml) (60). 

 

3.2 CRITERIA FOR DIAGNOSIS OF MONOCLONAL B-CELL LYMPHOCYTOSIS 

 
The diagnostic criteria for MBL were intended to identify individuals carrying 

circulating clonal B-cell populations who did not meet with the current diagnostic 

criteria for B-CLPD. Therefore, in order to standardize, facilitate future studies and 

have the same criteria to define MBL cases in different geographical areas and 

between different ethnic groups, guidelines for the diagnosis of this new entity were 
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proposed (Table 1.I) (47). In addition to its value for diagnostic purposes, the 

establishment of this new category provides an ideal platform to investigate how B-cell 

premalignant states relate to overt malignancies. 

 

In the vast majority of MBL cases, clonal B-cells show phenotypic and genetic 

characteristics similar to those of B-CLL (B-CLL-like MBL); only in a small percentage of 

MBL, clonal B-cells have a distinct phenotype to B-CLL-like MBL (non-B-CLL MBL). This 

phenotypic heterogeneity has led to the subclassification of MBL in different groups, 

depending on whether the phenotypic pattern of clonal B-lymphocytes is similar or not 

to B-CLL cells (Table 1.II). 

 

Table 1:  Diagnostic criteria and sub-classification for MBL (adapted from 44). MBL: monoclonal B-cell 
lymphocytosis. PB: peripheral blood. SmIg: surface membrane immunoglobulin. MCL: mantle cell lymphoma. 

I.- MBL Diagnostic Criteria 

1.Detection of a monoclonal B cell population in the PB by one or more of the following 
techniques: 

A) Restriction of immunoglobulin light chain: 

Overall κ⁺:λ⁺ ratio >3:1 or <0.3:1 or >25% of B-cells lacking or expressing low level 

SmIg 

B) Monoclonal gene rearrangement of the Ig heavy chain (IGHV) 

2.Presence of a disease-specific immunophenotypic pattern 

3.Absolute B-cell count <5x109 / L 

4.No other features of CLPD or infectious / autoimmune disease 

       A)   Normal physical examination (absence of lymphadenopathy and organomegaly) 

B) Absence of B-symptoms (e.g.: fever, weight loss and / or night sweats) attributable 

to NHL 

C) Absence of infectious / autoimmune disease 

 

 II.- Criteria for subclassification of MBL 

1- B-CLL-like MBL  

A.  Co-expression of CD5 and CD19, positivity for CD23 and low expression 

of CD20 

B.    Light chain restriction with dim SmIg expression (although rare, very 

small MBL clones may be oligoclonal and thus with no light chain restriction) 
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2-Atypical B-CLL-like MBL 

A. Co-expression of CD5 and CD19 

B. Negativity for CD23 or CD20 high expression, expression of a restricted 

SmIg light chain from moderate to high (exclude t(11;14) to rule out 

MCL 

3-Non-B-CLL-like MBL 

A. CD5 negative 

B. Expression of CD20 

C. Light chain restriction with SmIg expression from moderate to high 

 
 

 

3.3 RELATIONSHIP BETWEEN MBL AND B-CLL 

 
When the criteria for MBL diagnosis were established in 2005 (47), it was not clear 

whether B-CLL-like MBL cases had or not a higher risk for developing B-CLL. The first 

evidence of the existence of such a relationship derived from studies carried out on 

apparently healthy individuals from families with genetic predisposition to B-CLL. 

These studies showed that the immunophenotypic profile of the small populations of 

clonal B-cells found in healthy relatives of B-CLL was similar to that shown by B-CLL 

cells (62). In the same way, another finding supporting the relationship between MBL 

and B-CLL was that clonal B-cells from B-CLL-like MBL cases, frequently displayed 

genetic aberrancies associated with either a good (13q14.3) or an intermediate 

(trisomy 12) prognosis in B-CLL; actually, these abnormalities were found at similar 

frequencies in both entities, regardless of the absolute number of circulating B-CLL-like 

MBL cells (50, 61). In addition, as in B-CLL with good prognosis, clonal B-cells from the 

vast majority of B-CLL-like MBL have somatic mutations of IGHV genes, despite of the 

absolute number of PB clonal B-cells. Moreover, recent studies have suggested that 

clonal cells from clinical B-CLL-like MBL cases (therefore with lymphocytosis) show a 

preferential usage of IGHV families of BCR similar to B-CLL (50, 64, 65); by contrast, 

IGHV families from low count B-CLL-like MBL seem to be different from those of B-CLL 

patients. 
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The definitive demonstration that MBL and B-CLL are entities closely related came 

from two recent studies already mentioned in previous sections of this report: (i) The 

evidence that virtually 100% of B-CLL are preceded by a MBL status (66); and (ii) MBL 

(with lymphocytosis) has a rate of transformation into a clinically manifest B-CLL of 

around 1 to 2% per year (67,68). Despite this evidence, it is still unknown whether 

individual subjects with MBL will or will not progress into B-CLL or when this event will 

occur. Therefore, the frequency of transformation in long term has not yet been 

established; even though, in case of "low-count" MBL, the rate of transformation is 

unknown (though presumably very low), since MBL cases from the general population 

have been followed for a short period of time, and none of them has progressed so far. 

Not only the possibility of MBL to evolve into a frank leukaemia is unknown, but also 

the factors predicting such transformation, with the exception of the absolute number 

of circulating clonal B-CLL-like cells (50). Actually, only in those MBL with high numbers 

of circulating clonal B-cells (>1000 cells/μL) genetic alterations associated with poor 

prognosis in CLL-B -del (11q) and del (17p)- were detected (63). Taken together, these 

findings suggest the existence of a progressive gradient from "low-count" B-CLL-like 

MBL to B-CLL-like MBL with absolute lymphocytosis to B-CLL, (being also the relative 

frequency of these entities progressively smaller), although this hypothesis remains to 

be confirmed. 

 

3.4 WHY IS IT IMPORTANT TO STUDY THIS ENTITY? 

 
B-Chronic lymphocytic leukemia is the most frequent hematological malignancy in 

western countries. Currently it is accepted that B-CLL could be preceded by a clinically 

silent monoclonal B-cell lymphocytosis (MBL), characterized by the presence of small 

populations of circulating clonal CLL-like B-cells in otherwise asymptomatic subjects. 

Accordingly, increasing evidences suggest that MBL could represent a pre-leukemic 

condition, since B-CLL frequently develops in individuals with prior history of MBL and 

MBL cases progress to CLL at a rate of 1% per year. The precise events involved in both 

the emergency of “MBL clones” and in the transformation of a MBL into a clinically 

evident CLL are still unknown; despite this, it has been proposed that MBL could be 

interpreted as an epiphenomenon of a chronic and persistent antigenic stimulation. 
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Therefore, the (rare) possibility to evolve into a frank leukemia might depend on both 

microenvironmental and biological/molecular factors -so far unknown- that may 

modify the modality of cell reaction, as well as the potential to acquire further genetic 

abnormalities. 

4. AIMS 
 
The present project aims at gaining insight into the ontogenesis of the disease through 

the identification of those potential events involved in the emergency of MBL clones 

and in the progression of MBL to B-CLL. Therefore, we tried to reach the following 

specific objectives: 

1. To investigate at 4th year after the basal study the clinical outcome of 

individuals and the biological characteristics of the MBL clone in a series of 

MBL healthy subjects (without lymphocytosis) from the general population, 

through an extensive phenotypic and genetic characterization of each of the B-

cell clones detected in these individuals, in comparison with the biologic 

features of neoplastic B-cells from B-CLPD patients.  

2. To analyze the potential role of NOTCH1 mutations, through the evaluation of 

DNA from purified clonal B-cells from MBL individuals without lymphocytosis. 

3. To identify exogenous factors involved in the onto-pathogenesis, expansion 

and malignant transformation of the disease, particularly those related with 

infectious microorganisms, through two complementary approaches: 

3.1. To analyze the potential role of environmental factors and lifestyle habits. 

For this purpose, epidemiological studies have been carried out to collect 

information on environmental and family circumstances, particularly those 

related to infection by certain viruses and other microorganisms associated 

with the presence of clonal B-lymphocytes. 

3.2. To reach for serologic markers shared by groups of MBL/B-CLL, through the 

identification of antibodies against infection agents on plasma samples 

from both groups of subjects.  
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RESULTS 

OBJECTIVE 1: TO INVESTIGATE AT 4TH YEAR AFTER THE BASAL STUDY 
THE CLINICAL OUTCOME OF INDIVIDUALS AND THE BIOLOGICAL 
CHARACTERISTICS OF THE MBL CLONE IN A SERIES OF MBL HEALTHY 
SUBJECTS (WITHOUT LYMPHOCYTOSIS) FROM THE GENERAL 
POPULATION, THROUGH AN EXTENSIVE PHENOTYPIC AND GENETIC 
CHARACTERIZATION OF EACH OF THE B-CELL CLONES DETECTED IN THESE 
INDIVIDUALS, IN COMPARISON WITH THE BIOLOGIC FEATURES OF 
NEOPLASTIC B-CELLS FROM B-CLPD PATIENTS. 
 
 
IMMUNOPHENOTYPIC FEATURES OF THE B-CELL CLONE(S) 
 
Flow cytometry studies were carried out in a total of 33 healthy adults (general 

population over 40 years without lymphocytosis, from Salamanca, Spain) proven to 

have circulating monoclonal B-cell populations in an initial study, at 4th year after the 

basal diagnosis. The types of MBL at the time of diagnosis were as follows (Table 2): 

Most cases (27/33, 82%) were classified as B-CLL-like MBL, from which 4/27 cases had 

two B-cell clones in the basal study; in these biclonal cases, both clones were 

phenotypically similar to B-CLL in 3 cases, while the remaining biclonal case had one B-

CLL-like-MBL clone and one non-B-CLL-like MBL –phenotypically compatible with 

either SMZL-like or MALT-like MBL–. A minor proportion of cases (6/33; 18%) was 

found to carry one single non-B-CLL-like MBL clone at diagnosis: MALT- vs SMZL-like 

MBL (n=2), atypical MCL (n=2) and atypical HCL (n=1); the phenotypic profile of the 

remaining case did not allow its further subclassification based on phenotypic 

similarities to specific WHO B-CLPD disease categories (unclassifiable non-B-CLL-like 

MBL). 
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Table 2: Characteristics of MBL cases from the general population included in the study. 

 
Circulating monoclonal B-cells were detected in 100% of the cases (33/33) analyzed 4 

years after the basal study, these clonal B-cells showing the same phenotypic patterns 

and immunoglobulin light chain restriction as displayed at diagnosis (Figure 2). Even 

more, in all but one biclonal cases –patient 25 in Table 2–, two clear aberrant B-cell 

populations (showing similar phenotypes as those found at diagnosis) could be 

detected at this time-point. Regarding patient 25, who showed two circulating B-CLL-

Case 
number 

Sex Age 
(years) 

Type of MBL at  
Diagnosis 

WBC 
(x 10⁹/L) 

Absolute # of clonal 
B cells (x 10⁹/L) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
 
25 
 
26 
 
27 
 
28 
29 
30 
31 
32 
33 

Male 
Male 

Female 
Female 
Female 
Female 
Female 
Female 
Female 

Male 
Female 

Male 
Male 
Male 
Male 
Male 

Female 
Male 
Male 
Male 

Female 
Female 
Female 

Male 
 
Female 
 
Female 

 
Male 

 
Male 

Female 
Male 
Male 
Male 
Male 

71 
82 
78 
82 
95 
71 
77 
78 
67 
52 
74 
67 
69 
75 
67 
73 
82 
72 
53 
70 
61 
66 
70 
84 

  
    69 
 

69 
 

79 
79 

 
    85 

73 
73 
62 
79 

B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
B-CLL-like 
BICLONAL  

B-CLL-like & B-CLL-like 
BICLONAL    

B-CLL-like & B-CLL-like 
BICLONAL  

B-CLL-like & B-CLL-like 
BICLONAL  

B-CLL-like & SMZL- vs MALT-like  
MALT- vs SMZL-like 
MALT- vs SMZL-like 
Atypical MCL-like 
Atypical MCL-like 
Unclassifiable-like 

HCL-like 

9.03 
6.12 
6.34 

11.60 
8.88 
6.48 
5.62 
6.81 
4.85 
8.22 
5.97 
5.02 
5.85 
5.32 
5.84 
6.90 
5.64 
6.30 

12.22 
5.03 
7.37 
5.47 
5.94 
6.34 

 
5.97 

 
9.89 

 
5.51 

 
5.51 
5.92 
5.23 
4.01 
8.45 
9.74 

2.220 
0.00020 
0.00063 
0.00359 
0.00013 
0.00019 
0.00022 
0.00048 
0.00097 
0.01640 
0.00328 
0.00402 
0.00097 
0.01064 
0.01168 
0.01587 
0.02256 
0.00120 
0.00120 
0.02515 
0.03685 
0.03610 
0.02256 
0.00500 

 
0.00299 

 
0.00100 

 
0.00304 

 
0.06502 
0.00118 
0.00100 
0.00137 
0.00338 
0.13636 
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like MBL populations in the first evaluation (one expressing the kappa and the other 

the lambda Ig light chain on their membrane), it has to be noted that at 4th year after 

diagnosis the lambda positive B-CLL-like MBL subset was detected at very low 

frequency (almost undetectable at a sensitivity of 10-6), while the kappa positive one 

was even more evident (Figure 3) 

 .  

 
Basal Study:0.16% of the WBC; 7.5%  out of B cells;Absolute #:0.00931 

 

 
4

th
 year re-evaluation: 0.4% of the WBC; 17.61 %  out of B cells; Absolute #:0.02256 

Figure 2: Illustrative dot plots of the follow up of a representative case of B-CLL-like MBL. Green colored 
dots correspond to the B-CLL-like MBL population and light pink dots correspond to phenotypically 
normal mature B-cells (source: peripheral blood samples collected at diagnosis (basal study) and at 4th 
year after). 
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Basal Study: κ:0.056 & λ:0.053 of the WBC;κ:1.38 & λ :1.29 out of B cells;Absolute #:κ:0.0360 & λ:0.0330 

 

4
th

 year re-evaluation: κ:0.066& λ:0.005 of the WBC;κ:1.84 & λ :0.10 out of B cells;Absolute #:κ:0.0027 & λ:0.00002 

Figure 3: Dot plots showing the evolution of biclonal Case #25 with a decreased λ positive B-CLL-like 
MBL population 4 years after the first study. Green and magenta colored dots correspond to B-CLL-like 
MBL populations and light pink dots correspond to phenotypically normal mature B-cells (source: 
peripheral blood samples collected at diagnosis (basal study) and at 4th year after). 

 
 
When comparing the absolute number of PB monoclonal B-cells/mm3 detected at both 

time-points in the whole series of 33 cases, there were statistically significant 

differences between them (p=0.003) (Figure 4). In the same way, there were also 

statistically significant differences between the basal study and the re-evaluation at 4th 

year when comparing the percentage of clonal B-cells from total B-lymphocytes 

(p=0.034) (Figure 5) and the percentage of monoclonal B-lymphocytes from white 

blood cells (WBC) (p=0.05) (Figure 6). Nevertheless, monoclonal B-cells still 

represented a very small proportion of the total WBC count (median values of 

1.09%±4.40) and B-lymphocytes (12%± 26.1%) at 4th year after the basal study. By 

contrast, no association between age and size of the clone or between the presence of 

circulating clonal B-cells and sex of individuals were found. 
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Figure 4: Evolution after 4 years of follow-up. Statistical differences were found in the absolute MBL cell 
counts. Notched boxes represent 25th and 75th percentile values and the line in the middle corresponds 
to median values (50th percentile). Vertical lines represent the highest and lowest values that are not 
outliers or extreme values. Asterisks/circles represent outliers/extreme values. 

 
 

 
Figure 5: Evolution after 4 years of follow-up. Statistical differences were found in percentage of clonal 
B-cells from total B-lymphocytes. Notched boxes represent 25th and 75th percentile values and the line 
in the middle corresponds to median values (50

th
 percentile). Vertical lines represent the highest and 

lowest values that are not outliers or extreme values. Asterisks/circles represent outliers/extreme 
values. 
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Despite the evidence of numerical changes between the two time-points analyzed, 

these changes did not affect the status of the individuals, as none of these MBL cases 

from the general population evolved to a clinical MBL (with lymphocytosis), neither to 

a CLPD. Additionally, one of the cases presenting a phenotype of atypical mantle cell 

lymphoma (Case #30 in Table 2) had a reduction in the size of the PB clonal population 

from 12% of the total cellularity to 2.73% at 4th year of reevaluation (absolute number 

of 36.92 and 0.10 MBL cells/mm3, respectively); when taking a look at the global health 

status of this patient, he was submitted for a diagnostic study of a possible prostatic 

adenocarcinoma. Further studies will be carried out to evaluate whether these cells 

share the same phenotype with the one seen in PB. 

 

 In 24/33 cases information about the size of the MBL clone was also available at 1st 

year after the basal study (Figure 7), further confirming the results observed for the 

whole series at the two time-points.   

 
 

 
Figure 6: Evolution after 4 years of follow-up. Statistical differences were found in the percentage of 
monoclonal B-lymphocytes from white blood cells. Notched boxes represent 25th and 75th percentile 
values and the line in the middle corresponds to median values (50th percentile). Vertical lines 
represent the highest and lowest values that are not outliers or extreme values. Asterisks/circles 
represent outliers/extreme values.  
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Figure 7: Evolution of the absolute number off MBL cells at the 3 moments of reevaluation. Notched 
boxes represent 25th and 75th percentile values and the line in the middle corresponds to median 
values (50th percentile). Vertical lines represent the highest and lowest values that are not outliers or 
extreme values. Asterisks/circles represent outliers/extreme values. 

                    
 
CYTOGENETIC FEATURES 
 
Cytogenetic studies were performed on purified aberrant/clonal B-cell populations in 

16 out of the 33 MBL adults from the general population of Salamanca evaluated at 4th 

year after the basal analysis. From them, 11 corresponded to B-CLL-like MBL cases and 

5 to non-B-CLL-like MBL. From the general series, a total of 56% (9/16) showed 

alterations assessed by iFISH: within the B-CLL-like MBL cases, 63% (7/11) showed 

cytogenetic aberrations, while 2 out of 5 non-B-CLL-like MBL cases were also found to 

have genetic abnormalities (Table 3). 

 

Illustrative images on different cytogenetic abnormalities detected in MBL cases by 

iFISH are shown in Figure 8. 
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A 

 
 
 
B            

    
 

Figure 8: Interphase fluorescence in situ hybridization (iFISH) analysis with different probes to identify 
cytogenetic alterations on purified MBL cells share with CLPDs. A: Case 12; loss of the RB1 and D13S25 
with proximal location at 13q14; B: Case 6; trisomy in chromosome 12 (3 red dots);C: Case #12; BCL2 
positive: split signal (red-green separation) 

 

 

When analyzing the potential association between the presence (and type) of 

cytogenetic abnormalities and the size of the clone(s), no statistically significant 

differences were found within either MBL cases presenting a B-CLL-like or a non-B-CLL-

like phenotypes. 

 

 
 
 

C 

Del(D13S25) 
Normal(RB-1) 

Bcl2 
Positive 

Del(D13S25) 
Del(RB-1) 

Normal(D13S25) 
Normal(RB-1) 

Trisomy 12 
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Table 3: Summary of fish alterations at both checkpoints. NA: Not analyzed. 

Case number Type of MBL at  
Diagnosis 

Genetic Alteration 
YES / NO 

Alteration at 
basal study 

Alteration at 
4º year 

1 B-CLL-like YES D13S25  D13S25  
 

2 B-CLL-Like YES NORMAL D13S25  
 

4 B-CLL-Like YES D13S25  
 

D13S25  
 

6 B-CLL-Like YES TRISOMY 12 TRISOMY 12 
/D13S25/RB1/t(14q32) 

 

8 B-CLL-Like YES NA D13S25/RB1 

11 B-CLL-Like NO NORMAL NA 

12 B-CLL-Like YES D13S25/RB1 
 

D13S25/RB1/BCL6 
 

13 B-CLL-Like NO NORMAL NORMAL 

14 B-CLL-Like NO NORMAL NORMAL 

15 B-CLL-Like NO NORMAL NORMAL 

19 B-CLL-Like YES NORMAL D13S25 

23 B-CLL-Like NO NORMAL NORMAL 

28 MALT- vs SMZL-like NO NORMAL NORMAL 

29 MALT- vs SMZL-like YES NORMAL t(14q32) 

30 Atypical MCL-like NO NORMAL NORMAL 

31 Atypical MCL-like YES t(11;14) t(11;14) 

33 HCL-like NO NORMAL NORMAL 
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As regards B-CLL-like MBL, the most frequent cytogenetic alteration was the deletion 

of chromosome 13q, present in 100% of the B-CLL-like MBL cases with genetic 

abnormalities (7/7), being at the same time the first alteration to appear in 85% (6/7) 

of the cases with altered genetic study, and the only cytogenetic abnormality detected 

in 57% (4/7). The remaining case with B-CLL-like phenotype (1/7), presented by 

trisomy in chromosome 12, together with del(13q) at 4th year, and translocation in 

14q32. Furthermore, 14% (1/7) showing alterations in 13q and Rb1 at the basal study 

also the mutation in Bcl6 was found when searching for it at the 4th year. It is 

important to note that in 3 out of the 10 B-CLL-like MBL cases in which the genetic 

analysis was performed both at diagnosis and at 4th year, genetic changes could be 

detected: 2 cases (Cases #2 and # 19 in Table 3) were considered to be “normal” at 

diagnosis, while del(13q) were found at the second time-point, and the remaining case  

(Case #6 in Table 3) presented  trisomy in chromosome 12 as first mutation and 

gaining del(13q) at 4th year. Finally, 1 MALT-like MBL case presented translocation at 

the 14q32 region and 1 atypical MCL-like MBL presented the typical t(11;14) 

translocation associated with MCL.  

 

Interestingly, none of the cases showed the presence of deletions in chromosome 11 

(11q22.3~q23.3) and 17p13, associated to a worse prognosis in B-CLL. 
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OBJECTIVE 2: TO ANALYZE THE POTENTIAL ROLE OF NOTCH1 
MUTATIONS, THROUGH THE EVALUATION OF DNA FROM PURIFIED 
CLONAL B-CELL POPULATIONS FROM MBL WITHOUT LYMPHOCYTOSIS. 
 
NOTCH1 mutation was analyzed on purified B-CLL-like cells from a total of 14 healthy 

adults with B-CLL-like MBL; presenting a median age of 70 years old (range 52-84). 

Their median absolute number of circulating B-CLL-like MBL lymphocytes was of 

0.14x10⁹/L (range: 0.0010- 0.80x10⁹/L). To assess the prevalence of NOTCH1 mutations 

in MBL cases without lymphocytosis, the NOTCH1 mutational hotspots identified in B-

CLL (exons 26, 27 and 34; RefSeq NM_017617.2) were analyzed as previously 

described. By this approach, NOTCH1 mutations were not detected in any of the 14 

“low count” B-CLL-like MBL cases (0%) (Figure 9).  

 

To be sure about the reliability of the technique used for the analysis of NOTCH1 

mutations, dilution experiments were performed with decreasing numbers of PB 

purified clonal B-cells from a B-CLL patient known to carry the NOTCH1 mutation. The 

specific mutation here explored could be clearly detected up to a sensitivity level of 

200 total cells. Importantly, the number of purified clonal B-cells from all the 14 B-CLL-

like MBL cases included in this analysis were higher than 1000. 
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Figure 9: Quantitation of NOTCH1 expression using GeneScan software. B-CLL cells used as control 
reference (bottom panel) carrying the NOTCH1 c.7544_7545delCT mutation. A peak of 269 bp 
corresponding to the normal allele, and the mutated allele, two bases smaller (267 bp), can be 
observed. The rest of the panel corresponds to 3 different cases of B-CLL-like MBL without 
lymphocytosis used as an example, where only one peak - corresponding to the normal allele- can be 
seen. 
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OBJECTIVE 3.1: EPIDEMIOLOGICAL STUDIES, TO COLLECT INFORMATION 
ON ENVIRONMENTAL AND FAMILY CIRCUMSTANCES, PARTICULARLY 
THOSE RELATED TO INFECTION BY CERTAIN VIRUSES AND OTHER 
MICROORGANISMS ASSOCIATED WITH THE PRESENCE OF CLONAL B 
LYMPHOCYTES. 
 
Out of all the subjects from the general population of Salamanca who participated in 

the epidemiological study, 16% (72/452) were diagnosed with MBL without 

lymphocytosis (“cases”); non-MBL healthy subjects (n=380) are hereafter designed as 

“controls”. From all the cases, 83% (60/72) were categorized as B-CLL-like MBL and the 

remaining 12 cases (17% of MBL) corresponded to non-B-CLL like MBL cases. 

Distribution by sex was almost equal, where half of the cases (48%) and the controls 

(49%) were males (P=0.9). As expected, OR of MBL cases increased with increasing age 

(P<0.001). Concerning area of recruitment, residence of birth, tobacco and alcohol 

consumption, body mass index, height, weight and women reproductive history, there 

were no differences among cases and controls.  

 

When examining the results concerning stimulation of the immune system, a clear 

association with transmission and exposure to infection agents was found (Figure 10) 

Taking an in-depth look at the results, MBL cases were less likely to have reported 

having pneumococcal (OR: 0.49; 95% CI: 0.25 to 0.95; P= 0.03) and influenza (OR: 0.52; 

95% CI: 0.29 to 0.93; P=0.03) vaccination and more likely to have had pneumonia (OR: 

3.26; P=0.04), meningitis (OR: 11.73; P=0.02) or influenza (OR: 6.72; P=0.2). No 

association was found between these findings and the MBL load (data not shown). 

Such an association was also supported by an increased number of reported infections 

in the children of cases (OR: 2.14; 95%: 0.92 to 5.01; P=0.08) and of respiratory 

diseases among their siblings (OR: 4.35; 95% CI: 1.23 to 15.34; P=0.02).  

 

Furthermore, the OR for MBL increased with increasing number of children among 

cases with children (P<0.001), such trend being observed separately in men and 

women (P<0.001). However, childless individuals were also three times more likely to 

have been diagnosed with MBL compared to individuals with only one child and no 

potential confounders could explain this association.  
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Figure 10: Association with transmission and exposure to infection agents. 

 

Moreover, MBL cases were also more likely to report haematological cancer and solid 

cancer among their first-degree relatives, compared to controls (Table 4). 
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Table 4: Odds ratios (OR) estimates, with 95% confidence intervals (CI), for “low-count” 
monoclonal B-cell lymphocytosis by self-reported family history of cancer. Ref: reference 

group; N: number; NA: not estimated; het: heterogeneityOR: Odds ratio; CI: confidence interval; 1st 
degree relatives: parents, siblings and children; 2nd degree relatives: grandparents. 1: Adjusted for age 
(<50, 50-59, 60-69, 70+) and sex. 2: Further adjusted for family size (using the total number of children 
and siblings; categories: <6; 6 or more; missing).  3: Further adjusted for number of siblings (categories: 
<2; 3 or more; missing). 4: Further adjusted for number of children (<2; 3 or more; missing).5: Adjusted 
for number of brothers (<3; 3 or more; missing). 

Ever had family history of 
haematological cancer  

Controls 
N=380 

MBL cases 
N=72 

OR¹ & 95% CI 

 
None 

 
1 family member affected2 

2 family members affected2 
 
       Ever (any family 
members)2 

  
                            Participant 

1st degree relatives2  
                                          

Father 
                                          

Mother 
                                         

Sibling3 
                                           

Children4 
2nd  degree relatives 

 
356(94%) 

 
22 (12%) 
2 (1%) 
 

24 (6%) 
 

1 (<1%) 
22 (6%) 
4 (1%) 
4 (1%) 
11 (3) 
4 (1%) 

2 (<1%) 

 
63 (87%) 

 
8 (28%) 
1 (3%) 

 
9 (13%) 

 
0 (0%) 

9 (13%) 
4 (6%) 
0 (0%) 
6 (8) 

0 (0%) 
0 (0%) 

 
ref 

 
1.96 (0.79 to 4.86) 

3.70 (0.28 to 49.35) 
P-trend=0.07 

2.07 (0.87 to 4.93); P=0.1 
 

NA 
2.23 (0.93 to 5.38); P=0.07 
11.49 (2.42 to 54.55); P= 

0.002 
NA 

2.46 (0.84 to 7.17); P=0.1 
NA 
NA 

 Family history of solid 
cancer 

None 
 

1 family member affected2 
2 family members affected2 
3 family members affected2 
4 family members affected2 

 
Ever (any family members)2 

 
Participant 

1st  degree relatives2 
Father 
Mother 
Sibling3 

Prostate,5 

 
168(44%) 

 
145(38%) 
48 (13%) 
18 (5%) 
1 (<1%) 

 
212(56%) 

 
27 (7%) 

164(43%) 
87 (23%) 
57 (15%) 
60 (16%) 

6 (2%) 
6 (2%) 

 
26 (36%) 

 
32 (44%) 
9 (13%) 
4 (6%) 
1 (2%) 

 
46 (63%) 

 
6 (8%) 

43 (60%) 
15 (21%) 
8 (11%) 

28 (39%) 
8 (11%) 
2 (3%) 

 
Ref 

 
1.57 (0.87 to 2.84) 
1.30 (0.55 to 3.09) 
1.66 (0.49 to 5.65) 

9.87 (0.42 to 232.60) 
P-trend= 0.2 

1.54 (0.89 to 2.66); P=0.1 
 

0.83 (0.32 to 2.15); P=0.7 
2.02 (1.17 to 3.47); P=0.01 
1.03 (0.54 to 1.97); P=0.9 
0.86 (0.38 to 1.96); P=0.7 

2.92 (1.59 to 5.36); P= 
0.001* 

6.31 (1.99 to 20.00); P= 
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Equally, cases and controls did not differ in terms of the use of any of the 14 different 

groups of drugs. However, 6% (N=4) of MBL cases versus 12% (N=44) of controls (OR: 

0.30; 95% CI: 0.10 to 0.87; P= 0.03), reported treatment for diabetes (Table 5). 

 
 

Table 5: Odds ratios (OR) estimates, with 95% confidence intervals (CI), for “low-count” monoclonal B-
cell lymphocytosis by self-reported use of drugs. ¹: Adjusted for age (<50, 50-59, 60-69, 70+) and sex. N: 
number; NA: not estimated. OR: Odds ratio; CI: confidence interval. 

Children4 
2nd  degree relatives 

62 (16%) 7 (10%) 0.002 
1.56 (0.28 to 8.59); P=0.6 
0.95 (0.39 to 2.32); P=0.9 

 
Never 

With family history of solid 
cancer only 

With family history of 
haematological canceronly 
With family history of both 

type of cancers 

 
156 (41%) 
200 (53%) 

 
12 (3%) 

 
12 (3%) 

 
20 (28%) 
43 (60%) 

 
6 (8%) 

 
3 (4%) 

  
 Ref 

1.89 (1.04 to 3.45) 
 

4.23 (1.33 to 13.50) 
 

1.93 (0.46 to 8.09) 
P-heterogeneity= 0.02 

Drug family Controls 
N=380 

MBL cases 
N=72 

OR¹ & 95% CI 

Alimentary tract and metabolism 
 

- Treatment of disorders caused by 
acids (A02) 

                - Diabetes (A10) 
        

      Insulin and analogues (A10A) 
 

Hypoglycemic excluding insulin drugs 
(A10B) 

 
Metformin (A10BA02) 

123(33%) 
 

69 (18%) 
44 (12%) 

 
7 (2%) 

 
42 (11%) 

 
32 (9 %) 

25(35%) 
 

21 (29%) 
4 (6%) 

 
1 (1%) 

 
4 (6%) 

 
4 (6%) 

0.80 (0.46 to 1.40); P=0.4 
 
1.49 (0.82 to 2.70); P=0.2 
0.30 (0.10 to 0.87); P=0.03 

 
0.49 (0.06 to 4.23); P=0.5 

 
0.32 (0.11 to 0.94); P=0.04 

 
0.45 (0.15 to 1.35);P=0.2 

Blood andblood forming organs 51 (14%) 14 (20%) 0.89 (0.44 to 1.77); P=0.7 

Cardiovascular system 
            
     -  Statins (C10A) 

168(46%) 
 

74 (19%) 

40 (56%) 
 

22 (31%) 

0.84 (0.47 to 1.49); P=0.5 
 

1.27 (0.71 to 2.30); P=0.4 

Dermatological 1 (<1%) 0 (0) NA 

Genito-urinary system and sex 
hormones 

31 (8%) 6 (8%) 0.76 (0.29 to 1.98); P=0.6 

Systemic hormonal preparations, 
excluding sex hormones and insulin 

25 (7%) 3 (4%) 0.70 (0.20 to 2.51); P=0.6 

Anti-infective for systemic use 4 (<1%) 1 (1%) 1.99 (0.20 to 19.91); P=0.6 

Antineoplastic and 
immunomodulating agents 

9 (2%) 3 (4%) 2.16 (0.51 to 9.12); P=0.3 
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Noteworthy, all associations described above were retained when the analyses were 

restricted to B-CLL-like MBL (Table 6). 

 
 
Table 6: Odds ratios (OR) estimates, with 95% confidence intervals (CI), for “low-count” B-CLL-like 
monoclonal B-cell lymphocytosis (60 out of 72 cases) by previous associated factors. 1: Adjusted for age 
(<50, 50-59, 60-69, 70+) and sex ;2: Further adjusted for number of children (<2; 3 or more; missing) ;3: 
Further adjusted for number of siblings (categories: <2; 3 or more; missing);4: Ncontrols= 189 ; 
Ncases=49 ;5: Further adjusted for family size (using the total number of children and siblings; 
categories: <6; 6 or more; missing).;6: Further adjusted for number of brothers (<3; 3 or more; 
missing),Ref: reference group; N: number; OR: Odds ratio; CI: confidence interval; SD: standard 
deviation. 

Musculo-skeletal system 
 

  - Anti-inflammatory and anti-
rheumatic products (M01) 

89 (24%) 
 

63 (17%) 

16 (23%) 
 

8 (11%) 

0.85 (0.45 to 1.58); P=0.6 
 

0.69 (0.31to 1.54); P=0.4 

Nervous system 
          
    - Analgesic (N02) 

118(32%) 
 

49 (13%) 

21 (30%) 
 

14 (19%) 

0.79 (0.44 to 1.43); P=0.4 
 

1.62 (0.79 to 3.30); P=0.2 

Antiparasitic products, 
insecticidesand repellents 

1 (<1%) 0 (0%) NA 

Respiratory system 26 (7%) 5 (7%) 0.83 (0.30 to 2.32); P=0.7 

Sensory organs 13 (4%) 2 (3%) 0.56 (0.12 to 2.61); P=0.5 

Various 0 (0) 0 (0) NA 

 Controls 
N=380 

MBL cases 
N=60 

OR
1
& 95% CI 

Age 
<50 

50-59 
60-69 
70-79 

80 or more 
 

mean (SD) 
range 

 
92 (24%) 
99 (26%) 
78 (21%) 
85 (22%) 
26 (7%) 

 
60 (13) 

40 to 97 

 
6 (10%) 
5 (8%) 

16 (27%) 
22 (37%) 
11 (18%) 

 
69 (12) 

43 to 93 

 
Ref 

0.78 (0.23 to 2.66) 
3.19 (1.19 to 8.57) 

4.06 (1.56 to 10.52) 
6.56 (2.21 to 19.45) 

P-trend< 0.0001 

Self-reported infectious diseases 
among Children

2
 

 
32 (8%) 

 
8 (13%) 

 
2.33 (0.95 to 5.69); P= 0.06 

Self-reported respiratory diseases 
among  Sibling

3
 

 
7 (2%) 

 
4 (7%) 

 
4.32 (1.13 to 16.56); P= 0.03 

Self-reported vaccination 
Pneumococcus                                        

 
Among 60 years old and older

4 
 

Influenza 

 
79 (21%) 

 
78 (41%) 

 
153(40%) 

 
14 (23%) 

 
14 (29%) 

 
26 (43%) 

 
0.49 (0.24 to 0.99); P= 0.05 

 
0.48 (0.24 to 0.99); P= 0.05 

 
0.58 (0.31 to 1.07); P= 0.08 

Self-reported respiratory tract 
infections 

                                                Pneumonia 
Influenza 

Meningitis 

 
8 (2%) 

1 (<1%) 
3 (<1%) 

 
6 (10%) 
1 (2%) 
1 (2%) 

 
4.18 (1.31 to 13.27); P= 0.02 
7.49 (0.35 to 162.48); P= 0.2 

9.79 (0.80 to 119.99); P= 0.07 

Number of children    
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OBJECTIVE 3.2: TO REACH FOR SEROLOGIC MARKERS SHARED BY 
GROUPS OF MBL/B-CLL, THROUGH THE IDENTIFICATION OF EXOGENOUS 
FACTORS INVOLVED IN THE ONTO-PATHOGENESIS, EXPANSION AND 
MALIGNANT TRANSFORMATION OF THE DISEASE. 
 
To verify a possible association between viral infections and the presence of 

aberrant/clonal B-cell populations, we have analyzed four study groups (healthy 

individuals, healthy individuals with “low count” MBL -without lymphocytosis-, 

“clinical” MBL with lymphocytosis, and B-CLL patients) through serologic studies. The 

precise viral infection status explored included Epstein-Barr virus (EBV), 

Cytomegalovirus (CMV), Hepatitis B virus (HBV), Hepatitis C virus (HCV) and Human 

immunodeficiency virus (HIV). 

 

Table 7: EBV infection status in the study groups. 

 

EBV Final Diagnosis 

Total No 

contact 

Acute  

infection 

Passing 

acute  

Infection 

Past  

infection 

Classification 

of the study 

group:Total 

categories 

Healthy 

population No 

MBL 

Recount 1 0 1 98 100 

% within 

classification 

of the total 

categories 

1% 0% 1% 98% 100% 

Healthy Recount 1 1 3 87 92 

None 
1 
2 
3 

4 or more  
 

57 (15%) 
 67 (18%) 
141 (37%) 
66 (18%) 
46 (12%) 

 

 14 (23%) 
4 (7%) 

 11 (18%) 
11 (18%) 
20 (33%) 

 

3.24 (0.96 to 10.85) 
Ref 

1.07 (0.32 to 3.61) 
2.07 (0.59 to 7.32) 

4.23 (1.24 to 14.43) 
P-trend (in parous)< 0.0001 

Diabetes treatment 44 (12%) 3 (5%) 0.27 (0.08 to 0.91); P= 0.04 

Ever had family history of 
haematological cancer  
                Ever (any family members)

5
 

1
st

 degree relatives
5
 

                                                         Father 

 
 

24 (6%) 
22 (6%) 
4 (1%)  

 
 

8 (13%) 
8 (13%) 
4 (7%)  

 
 

2.18 (0.88 to 5.40); P= 0.09 
2.36 (0.94 to 5.94); P= 0.07 

16.30 (3.30 to 80.58); P= 0.001 

Ever had family history of solid cancer 
                       1

st
 degree relatives

5
 

                                        Sibling
4
 

Prostate
6
 

 
164 (43%) 
60 (16%) 

6 (2%) 

 
34 (57%) 
21 (35%) 
6 (10%) 

 
1.72 (0.97 to 3.08); P=0.07 

2.43 (1.25 to 4.73); P= 0.009 
5.95 (1.71 to 20.73); P= 0.005 
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population 

MBL(Withput 

Lymphpcytosis) 

% within 

classification 

of the total 

categories 

1.1% 1.1% 3.3% 94.6% 100% 

MBL with 

Lymphocytosis 

Recount 1 0 1 21 23 

% within 

classification 

of the total 

categories 

4.3% 0% 4.3% 91.3% 100% 

B-CLL 

Recount 1 0 3 57 61 

% within 

classification 

of the total 

categories 

1.6% 0% 4.9% 93.4% 100% 

Total 

Recount 4 1 8 263 276 

% within 

classification 

of the total 

categories 

1.4% 0.4% 2.9% 95.3% 100% 

 
 

When analyzing the relationship of being exposed to EBV, no statistically significant 

differences were observed among and the 4 groups of study (p=0.51). In fact, 95% of 

the whole series (263/276) had past infection: 98% of non-MBL healthy population, 

94.5% of “low-count” MBL, 94.6% of the MBL with lymphocytosis and 95.3% of the CLL 

patients (Table 7). 

 

In addition, we evaluated the amount of EBNA-IgG antibody (Ab) produced by the 

subjects with past EBV infection from the different study groups, and no statistically 

significant differences were observed among them (Figure 11). 
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Figure 11:  Boxplots representation of the levels of plasma EBNA-IgG antibodies detected in those 
subjects known to have past infection for EBV from the different study groups. Notched boxes represent 
25th and 75th percentile values and the line in the middle corresponds to median values (50

th
 

percentile). Vertical lines represent the highest and lowest values that are not outliers or extreme 
values.  
 
 

Likewise, when analyzing the incidence of CMV, the result was similar to the one 

observed with EBV, and 95% (263/276) of the individuals under study had passed the 

infection, as it would be expected (P=0.39); 96% of non-MBL healthy population, 97.8% 

of “low-count” MBL, 90.9% of the MBL with lymphocytosis and 91.8% of the CLL 

patients (Table 9).  

 

In contrast, when taking a look at the amount of Ab produced within the different 

groups, statistically significant differences were found among them (P=0.001), elevated 

titters of CMV IgG were found in the plasma of those individuals classified as MBL with 

lymphocytosis and B-CLL patients (Figure 12). 

 

P=0.37 

 

STUDY GROUP CLASSFICATION 

EB
N

A
-Ig

G
 (

U
/m

L)
 

Healthy population 
no MBL 

Healthy population 
MBL w/o 

Lymphocytosis 

B-CLL 
patient 

Healthy population 
MBL w/ 

Lymphocytosis 
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Table 9:  CMV infection status in the study groups. 

 

CMV Final Diagnosiss 

Total No 

contact 

Acute 

Infection 

Past 

infection 

Classification of 

the study 

group:Total 

categories 

Healthy 

population No 

MBL 

Recount 4 0 96 100 

% within 

classification of 

the total 

categories 

4% 0% 96% 100% 

Healthy 

population 

MBL(Withput 

Lymphpcytosis) 

Recount 1 1 90 92 

% within 

classification of 

the total 

categories 

1.1% 1.1% 97.8% 100% 

MBL with 

Lymphocytosis 

Recount 2 0 20 22 

% within 

classification of 

the total 

categories 

9.1% 0% 90.9% 100% 

B-CLL 

Recount 4 1 56 61 

% within 

classification of 

the total 

categories 

6.6% 1.6% 91.8% 100% 

Total 

Recount 11 2 262 275 

% within 

classification of 

the total 

categories 

4% 0.7% 95.3% 100,0% 
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Figure 12: Boxplots representation of the levels of plasma CMV-IgG antibodies detected in those 
subjects known to have past infection for CMV from the different study groups. Notched boxes 
represent 25th and 75th percentile values and the line in the middle corresponds to median values (50

th
 

percentile). Vertical lines represent the highest and lowest values that are not outliers or extreme 
values.  
 

 

Finally, we studied the incidence of HBV, HCV and HIV only in healthy adults and MBL 

subjects without lymphocytosis. No statistically significant differences have been 

observed between these two categories when comparing the diagnosis for HBV, 

neither for the amount of antibody produced (Table 10). Within HCV, just one of the 

healthy individuals was found to have an active infection (Table 11). None of the 26 

healthy adults from the two study groups (non-MBL and “low-count” MBL cases) had 

been infected with HIV. 

 

 

 

 

P=0.001 
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no MBL 
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Table 10:  HBV infection status in the study groups. 

 

Final Diagnosis HBV 

Total 

No 

contact 

Past 

Infection Vaccinated 

Study group 

classification 

categories 

Healthypopulation 

(No MBL) 

Recount 19 5 2 26 

% within 

classification of the 

total categories 

52.8% 13.9% 5.6% 72.2% 

Healthy population 

MBL(MBLwithout 

lymphocytosis) 

Recount 9 0 1 10 

% within 

classification of the 

total categories 

25% 0% 2.8% 27.8% 

Total Recount 28 5 3 36 

Total % 77.8% 13.9% 8.3% 100% 

 

 

Table 11:  HCV infection status in the study groups. 

 

HCV Final  

Diagnosis 
Total 

No 

contact 

Active 

Infection 

Classification of the 

study group:Total 

categories 

Healthy population No 

MBL 

Recount 25 1 26 

% within classification 

of the total categories 
96.2% 3.8% 100% 

Healthy population 

MBL(Withput 

Lymphpcytosis) 

Recount 10 0 10 

% within classification 

of the total categories 
100% 0% 100% 

Total 

Recount 35 1 36 

% within classification 

of the total categories 
97.2% 2.8% 100% 

 
 

 
 
 
 
 
 
 
 



41 
 
 

DISCUSSION 

 

B-cell chronic lymphocytic leukaemia (B-CLL) is the most common leukaemia among 

older adults in western countries. The origin and pathogenesis of this entity still 

remains unknown although some risk factors associated to B-CLL have been largely 

recognized, such as sex (more common in males), advanced age, white race and family 

history of B-CLL or other lymphoproliferative malignancies (1-3). 

 

Since 2005, MBL is the term used to describe a preclinical condition characterized by 

an increase of clonal B cells in the absence of B-lymphocytosis (5 X 10⁹cells/L) in PB 

without clinical signs suggestive of a lymphoproliferative disorder. However, its 

pathogenesis is still difficult to understand, as well as its precise relationship with B-

CLL. 

 

Recent studies relay on the use of multiparametric flow cytometry techniques to 

demonstrate the high frequency at which these small clonal B-cell populations are 

detected in PB of otherwise healthy adult, their prevalence oscillating between 3.5% 

and 12% (depending on the sensitivity of the technique employed for detection and 

the number of cells analysed) in individuals from the general population with normal 

lymphocyte counts (63) and 14% in adults with absolute lymphocytosis (46). Also, this 

frequency is increased considerably to 18% among B-CLL first-degree relatives (64). 

 

Although in most of the cases these clonal B-cell populations show an indolent clinical 

course, their detection in healthy individuals is of great interest, since it has been 

shown a rate of MBL transformation to B-CLL of 1 to 2% annually (46), and there is 

evidence that virtually all B-CLL may be preceded by a MBL period (66). 

 

 This latest finding suggest that the development of B-CLL (and possibly also other B-

CLPD) as a clinically evident disease could be preceded by a latency period in which 

small B-cell clones –provided with the ability to be long survivors–could be detected in 
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PB. Initially, it has been suggested that the clonal expansion of these B-cells could be 

related to a chronic antigenic stimulation maintained over time (103), and 

subsequently, these cells could accumulate genetic alterations that, in the context of a 

particular genetic endowment, could lead to an increase of malignant transformation 

and/or malignant progression. 

 

This would help to explain the presence of small subpopulations of clonal B-cells in a 

proportion significantly higher of apparently healthy individuals, especially in the 

elderly population. 

 

 The identification of clonal cells in healthy adults without evidence of B-CLPD could be 

a unique tool for an early diagnosis of this disease, even in previous stages of 

neoplastic transformation and malignant progression. Moreover, the early 

identification of these cells would facilitate the study of events and mechanisms 

involved in the processes of disease progression and identification of phenotypic, 

genetic and molecular markers so far unknown, which may contribute to the natural 

history and evolution of B-CLPD. In other words, the comprehensive characterization 

of monoclonal B-lymphocytes in healthy subjects with MBL could contribute not only 

to establish new strategies for early diagnosis of this lymphoproliferative disorder, but 

also to identify risk groups that could benefit from early therapeutic interventions; in 

this regard, it is noted that so far we still lack risk markers of MBL for progression to 

clinical CLPD -specially in case of MBL from the general population-. On the other 

hand, it is still unknown whether MBL is a pre-malignant neoplastic process or it 

represents a physiological condition associated with chronic antigenic stimulation 

and/or B-lymphocyte immunosenescence, arising these features in every human if 

they live long enough, simply constituting the normal counterpart (65) of B-CLL cells. 

 

For that matter, the present project aimed at gaining an insight view into the 

ontogenesis of the disease, trying to identify the potential events involved in the 

emergency of MBL clones and in the progression of MBL B-cells to B-CLL, through 

extensive immunophenotypic, genetic, molecular and plasma analyses. 
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OBJECTIVE 1: TO INVESTIGATE AT 4TH YEAR AFTER THE BASAL STUDY 
THE CLINICAL OUTCOME OF INDIVIDUALS AND THE BIOLOGICAL 
CHARACTERISTICS OF THE MBL CLONE IN A SERIES OF MBL HEALTHY 
SUBJECTS (WITHOUT LYMPHOCYTOSIS) FROM THE GENERAL 
POPULATION, THROUGH AN EXTENSIVE PHENOTYPIC AND GENETIC 
CHARACTERIZATION OF EACH OF THE B-CELL CLONES DETECTED IN THESE 
INDIVIDUALS, IN COMPARISON WITH THE BIOLOGIC FEATURES OF 
NEOPLASTIC B-CELLS FROM B-CLPD PATIENTS. 
 
Most studies reported so far on B-CLL-like MBL outcome have been performed on MBL 

with lymphocytosis (44,46, 59, 65). As mentioned previously, it has been shown that 

virtually 100% of B-CLL are preceded by a previous status of B-CLL-like MBL, identified 

several years before being diagnosed with the malignancy (45). However, the risk of a 

certain subject with “clinical” MBL (with lymphocytosis) to develop the disease is 

extremely low. Thus, it has been found that after variable periods of follow up (median 

follow-up ranging between 2.5 and 7 years), the majority of these subjects maintain 

stable cell counts, and in fact, only about 1 to 2% of cases per year progress, 

developing the disease and even requiring treatment (46, 66). This increased risk of 

transformation is especially evident in those subjects carrying higher numbers of 

circulating clonal B-lymphocytes (59, 72). Nevertheless, these studies are still 

preliminary, and therefore further long-term researches are needed, to more precisely 

know both the rate of progression of B-CLL-like MBL and the potential factors 

associated with it. Regarding non-B-CLL-like MBL cases, our lack of knowledge about 

their clinical evolution is even greater. There is only a report showing that, after a 

period of time between 4 and 16 years, PB clonal B-cell populations from 7 non-B-CLL-

like MBL cases with lymphocytosis persisted over time, without evidence of 

progression or need for treatment in any of the 7 cases (73). 

 

In turn, there was no information available about the clinical course of individuals with 

MBL identified from studies in the general population (with very low counts of clonal 

B-cells in PB) mainly due to logistical problems and the limited possibility to continue 

with the follow up (74). This gap in our knowledge refers to both B-CLL-like and non-B-

CLL-like MBL cases with low lymphocyte counts. At present, data on follow-up of our 

series of “low count” MBL from Salamanca at 4th year after the basal study is available, 
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as well as the results of a 3rd year follow-up, recently published for the study of MBL 

with low lymphocyte count (75), which will be discussed later on. 

 

In our work, we have re-evaluated a total of 33 out of 93 subjects with MBL from the 

general population of Salamanca, 4 years after the basal study, using the same flow 

cytometry strategy to detect clonal B-cells at both periods of time. Out of these 33 

cases, 26 presented B-CLL-like MBL and 7 non-B-CLL-like MBL. The first interesting 

finding of our study is that small clonal populations of B-cells persist over time, since in 

all of these 33 cases, the persistence of circulating MBL populations -showing the same 

phenotype as that displayed at diagnosis-, were confirmed 4 years after the screening. 

It should be noted that our results contrast with those shown by the Italian group, that 

reported the persistence of clonal B-cell populations after 3 years from the initial 

diagnosis only in 90% of their B-CLL-like MBL cases (n = 54/60) and in 55% of their non-

B-CLL-like MBL cases (n = 10/18). However, it is worth mentioning that those cases 

with no persistent B-cell clones detected over time showed an absolute number of 

clonal B-cells -in the first study- very low, closed to the sensitivity level of their 

technique. In this sense, the apparent controversy between their results and ours 

could be explained by the lower sensitivity of the technique used by the Italian group 

(10-⁵ vs. 10-⁶, respectively). 

 

Also, it is important to remark that two clonal/aberrant B-cell populations could be 

detected in all biclonal cases after 4 years from the initial study. Despite this, it should 

be noted that one biclonal case showed a drastic decreased at 4th year in one of the 

two clonal B-cell populations detected at diagnosis: in this particular case, the λ B-cell 

population dropped in one log, from 0.053% of WBC in the initial study to 0.005% at 4th 

year. This result leads us to support the hypothesis that the presence of B-CLL-like MBL 

cells may be a physiologic phenomenon in adults with normal lymphocyte counts and 

even at early stages, distinct B-cell populations (“polyclonal”, more than biclonal) may 

emerge, but over time, only one clone (or a limited number of clones) would remain 

stable, presumably as a consequence of prolonged antigenic stimulation (76). 
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Despite monitoring of our cases is still far short -taken into account that the evolution 

of MBL without lymphocytosis may be presumably very long-, it is important to notice 

that changes in the absolute number of clonal B-cells were identified at 4th year from 

the first study. Accordingly, we show that the median absolute number of clonal B-cells 

was significantly higher after 4 years, in comparison with the amount detected in the 

initial study. This increase in the absolute number of circulating clonal B-cells was 

observed not only in the global series. However, even although differences were 

statistically significant between the two time-points of our study, the number of MBL 

cells detectable at 4th year remains very small, and therefore the MBL condition may 

be considered as clinically stable. In this sense, our results are concordant with those 

of the Italian group, who did not observe (at 3rd year after diagnosis) any progression 

to CLPD among their series of low count MBL.  

 

In summary, our results suggest that once MBL cells are identified in PB from adults, 

they persist for long periods of time (presumably forever). Despite that, these 

preliminary results must be confirmed in larger studies with longer follow-up, to 

precisely establish the rate of progression and/or transformation of “low count” MBL 

to clinically manifest CLPD. 

 
 
OBJECTIVE 2: TO ANALYSE THE POTENTIAL ROLE OF NOTCH1 
MUTATIONS, THROUGH THE EVALUATION OF DNA FROM PURIFIED 
CLONAL B-CELL POPULATIONS FROM MBL WITHOUT LYMPHOCYTOSIS. 
 

As mentioned above B-CLL is characterized by a heterogeneous course of the disease; 

accordingly, some cases show a stable disease over long periods of time, while others 

rapidly progress (i.e. into Richter syndrome). Different parameters associated with a 

distinct prognosis and disease outcome have been described; from them, certain 

genetic abnormalities are relevant prognostic factors: i.e. deletions in chromosome 

11q and 17p are clearly related with a poor prognosis and shorter survival rates (31, 

39, 41). Noteworthy, none of the genetic abnormalities described until now in B-CLL is 

present in all B-CLL cells/case or in a vast majority of cases, and therefore they 

presumably do not represent original transforming ontogenetic events. To overcome 
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our lack of knowledge about the most relevant original genetic events in B-CLL, groups 

of researchers from Italy and Spain have described some genes not previously known 

to be altered in B-CLL, throughout genome-wide approaches (41, 77). Although many 

genes were found to be affected at low frequency in an expanded B-CLL screening, 

there were only a few number of genes detected that were recurrently mutated, 

among which stands NOTCH1. The Italian group observed that NOTCH1 was mutated in 

8.3% of B-CLL patients at diagnosis, increasing this frequency as the disease progressed 

toward Richter syndrome (31%), as well as in chemorefractory B-CLL (21%) (77). In the 

other hand, the Spanish group divided its series of patients into two subtypes of the 

disease: with and without somatic hypermutations in the immunoglobulin genes. 

Although the overall frequency was quiet consistent with the one from the Italian 

group (12%) they observed that the frequency was even greater within the 

unmuntated IgH cases (20%), (41). Taken into account that unmutated B-CLL cases 

have a worse prognosis, the importance of recurrent mutations in NOTCH1 relays on 

the critical role that this gene has in the survival and apoptosis resistance of B-CLL 

cells, thus contributing to the clinical course of the disease.  

 

Since studies in B-CLL showed that the presence of NOTCH1 mutations could be 

related to a poor prognosis, the mutational status of NOTCH1 was then analyzed in 

subjects with “clinical” MBL (with lymphocytosis), where the number of cases carrying 

the mutation was significantly lower (3.2%) (47). As expected, the incidence of 

NOTCH1 mutations was even lower in our study, in which we evaluated 14 MBL cases 

without lymphocytosis, and none of them was found to carry the mutation. Despite 

the fact that this data has to be considered as preliminary due to the shortness of this 

series of “low count” MBL, our results are consistent with the association of NOTCH1 

mutations with clinically aggressive forms of the disease. Accordingly, the low 

prevalence (or absence) of NOTCH1 mutations in healthy individuals with monoclonal 

B-cells without lymphocytosis suggests that this genetic lesion is not an early event; 

again, long term follow-up studies are needed, to explore the possibility of emerging 

cells carrying NOTCH1 mutations within low count MBL cases, and its real clinical 

implication (e.g. in terms of risk for progression).   
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OBJECTIVE 3.1: EPIDEMIOLOGICAL STUDIES, TO COLLECT INFORMATION 
ON ENVIRONMENTAL AND FAMILY CIRCUMSTANCES, PARTICULARLY 
THOSE RELATED TO INFECTION BY CERTAIN VIRUSES AND OTHER 
MICROORGANISMS ASSOCIATED WITH THE PRESENCE OF CLONAL B 
LYMPHOCYTES. 
 
Epidemiology has provided us with new tools for exploration of etiological, 

environmental or hereditary determinants, in the development of haematologic 

malignancies. Currently, it is possible to identify certain characteristics of susceptibility, 

measurement of exposure and the effect of biological agents in the pathogenesis of 

CLPDs. By using epidemiologic tools, we have shown for the first time in “low count” 

MBL a clear association with transmission and exposure to infection agents. 

Accordingly, MBL cases were less likely to have been vaccinated against pneumococci 

and influenza, while were more likely to have had pneumonia, meningitis and/or 

influenza.  

 

Several hypotheses have been forward-thinking to try to explain an infectious route in 

B-CLL. Assuming that B-CLL-like MBL is a precursor of B-CLL, our findings are consistent 

with previous studies on B-CLL, reporting that a personal history of pneumonia was 

associated with subsequent development of B-CLL (78-80). Albeit based on small 

numbers, such an association was also supported by an increased number of reported 

infectious diseases in the children of MBL cases and of respiratory diseases among 

their siblings. Altogether, our data point out a potential role for infectious agents in 

the development of MBL without lymphocytosis in the general population -particularly 

of those involved in respiratory infections-, and at the same time strongly support 

recent reports, that suggest a potential role of chronic and persistent antigenic 

stimulation in MBL and B-CLL aetiology (81), particularly respiratory tract infections 

(78). Also, these results would let us hypothesize that the progression from B-CLL-like 

MBL to B-CLL would then be due to the occurrence in MBL cells of specific biological 

and molecular profiles, potentially combined with exposure to some unknown 

environmental risk factors, most probably exogenous infectious agents. 
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MBL cases were also more likely to report haematological cancer and solid cancer 

among their first-degree relatives, compared to controls. Concerning the potential 

protective role for diabetes treatment, data in the literature is inconsistent, in this 

regard; while some authors report an increased risk of B-CLL among diabetic patients 

(82), others suggest a lower risk of lymphoma (83) and other cancers (84), particularly 

when using Metformin. 

 

In summary, despite the fact that the number of cases in each stratum was relatively 

small for some categories, and that the number of comparisons performed was high, 

our results point out a potential role of infectious agents in the development of “low-

count” MBL in the general population, particularly of those involved in respiratory 

infections. However, a reverse causality effect that would result on detecting a more 

suppressed immune system among subjects with MBL or already in the pathway of B-

CLL cannot be ruled out, as decreased numbers of normal PB B-cells have been 

specifically reported in MBL without lymphocytosis (85). Although selection biases 

cannot be ruled out, the robustness of the study relies in that neither the interviewers 

nor the study subject were aware of the MBL status. Large prospective studies are 

needed to further evaluate the association between MBL and B-CLL and to examine 

the role of infectious agents in the aetiology of both entities. 

 

 
 

OBJECTIVE 3.2: TO REACH FOR SEROLOGIC MARKERS SHARED BY 
GROUPS OF MBL/B-CLL, THROUGH THE IDENTIFICATION OF EXOGENOUS 
FACTORS INVOLVED IN THE ONTO-PATHOGENESIS, EXPANSION AND 
MALIGNANT TRANSFORMATION OF THE DISEASE. 
 
During years, the potential role of different biological agents to cause cancer has been 

largely explored (86-88). Multiple strategies used by viruses have been suggested to 

promote cell transformation and carcinogenesis (88-90). Epstein-Barr virus (EBV), 

cytomegalovirus (CMV), hepatitis B and C viruses (HBV and HCV) and human 

immunodeficiency virus (HIV), among others, are agents known to be involved in the 

pathogenesis of certain hematologic malignancies –particularly lymphomas–; however, 
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to date none of these agents have been involved in the development of B-CLL (91-93). 

Evidences from other groups and from our own epidemiological data, supporting the 

hypothesis that exogenous infectious factors may be involved in the pathogenesis of B-

CLL, prompted us to try to identify plasma markers (actually, antibodies against 

ubiquous viruses) shared by groups of MBL (without and with lymphocytosis) and B-

CLL.  

 

As regards our results on EBV serology, we found that most of the MBL cases and 

patients analyzed showed a pattern of plasma antibodies compatible with past 

infection by this virus, independently of the group they belonged to; in addition, they 

showed no differences in comparison with controls (non-MBL healthy subjects from 

the general population of Salamanca), as the rate of past EBV infection was similar in 

all groups (>95% of subjects older than 40 old). Likewise, no statistically significant 

differences were observed among groups in the quantitative level of Ab against EBV 

(anti-EBNA IgG plasma levels); in addition, there were no correlation between the 

amount of these antibodies and the absolute number of clonal B-cells, either in “low 

count” MBL, “clinical” MBL, or in B-CLL patients.   

 

In the same line, when we analyzed in a subset of individuals (healthy subjects from 

the general population without MBL and with “low count” MBL) the potential 

association of MBL with the different patterns of plasma antibodies against HBV, HCV 

and VIH, we did not find any association, as all subjects but one (a non-MBL case 

infected with HCV) had antibodies against these viruses; despite this, it cannot be ruled 

out that these viruses may acquire a more prominent role in later stages of the entity. 

 

When looking at the association of CMV with the group of study of individuals (non-

MBL healthy individuals, “low count” MBL, “clinical” MBL and B-CLL patients), no 

differences were found in their pattern of antibodies against CMV, as with EBV, most 

of the individuals under study showed past infection. Result that makes sense, since 

EBV and CMV infect the vast majority of the population at some point of their lives and 
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they are found among the most common opportunistic viral pathogens causing 

infection (94). 

 

However, in contrast to EBV, we found relevant data upon analyzing quantitative levels 

of Ab against CMV in plasma specimens for the different groups of individuals. 

Accordingly, patients with “clinical” MBL -with lymphocytosis- and B-CLL showed 

statistically significantly higher levels of Ab against CMV when compare to healthy 

individuals, both with and without circulating monoclonal B-cells. Several hypotheses 

may be postulated to explain these results: 

 

 When B-cells are infected with CMV, this virus could encode genes that provide 

a rescue effect in the monoclonal lymphocytes, allowing it to evade apoptosis 

and thus these cells recirculate in PB. 

 CMV is a latent virus, after stimulation a reactivation of the virus could 

deregulate and interrupt the process of differentiation into memory B-cells or 

plasmablasts, developing the blockage at this stage, as it has been seen in half 

of the B-CLL cases. 

 It also could be explained as a 2nd opportunistic infection, as a result of an 

unknown immunosuppressive agent that play role on the pathogenesis of the 

disease, producing an immunological deterioration predisposing to CMV 

infection. 

 Some cases of B-CLL show a familiar component, this could be explained by a 

genetic susceptibility to develop an abnormal answer to the primary infection 

producing these monoclonal populations. 

 Persistent infection by CMV could be the cause of a premature exhaustion of 

the immune system and the corresponding loss of immunosurveillance. 

 

Our results suggest that CMV may have a role in the expansion of monoclonal B-cells; 

further studies are needed to reach solid conclusions, and to completely elucidate the 

potential role of CMV both in the ontogenesis of MBL/B-CLL and in the outcome of the 

disease. Also, additional studies are been now carried out in our series of subjects of 
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Salamanca, as regards the presence/absence and quantitative levels of antibodies 

against other infectious microorganisms, particularly those found to be relevant in the 

epidemiologic study (such as pneumococci and influenza).   
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CONCLUSIONS 

OBJECTIVE 1: TO INVESTIGATE AT 4TH YEAR AFTER THE BASAL STUDY 
THE CLINICAL OUTCOME OF INDIVIDUALS AND THE BIOLOGICAL 
CHARACTERISTICS OF THE MBL CLONE IN A SERIES OF MBL HEALTHY 
SUBJECTS (WITHOUT LYMPHOCYTOSIS) FROM THE GENERAL 
POPULATION, THROUGH AN EXTENSIVE PHENOTYPIC AND GENETIC 
CHARACTERIZATION OF EACH OF THE B-CELL CLONES DETECTED IN THESE 
INDIVIDUALS, IN COMPARISON WITH THE BIOLOGIC FEATURES OF 
NEOPLASTIC B-CELLS FROM B-CLPD PATIENTS. 
 

1. In all cases where the reassessment was made after the fourth year since the 

first study circulating clonal B-cells were found in PB in B-CLL type MBL and 

non-B-CLL type, which would support the idea that once clonal B-cells are 

detected in PB, they persist and remain stable overtime. 

 

2. The percentage of cases with cytogenetic alterations in MBL without 

lymphocytosis is slightly lower than in B-CLL and no abnormalities associated 

with poor prognosis forms of leukemia were found in MBL. These findings 

suggest that the presence of genetic abnormalities such as del (13q) is a 

relatively early event, but insufficient to determine the evolution to a leukemic 

state. 

 

3. Although a much longer follow-up time remains to be done, the fact that none 

of the subjects with MBL showed signs of progression or transformation to 

CLPD after 4 years from the basal analysis, would support the idea that “low 

count” MBL might have a different clinical outcome in comparison to MBL with 

lymphocytosis. 
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OBJECTIVE 2: TO ANALYSE THE POTENTIAL ROLE OF NOTCH1 
MUTATIONS, THROUGH THE EVALUATION OF DNA FROM PURIFIED 
CLONAL B-CELL POPULATIONS FROM MBL WITHOUT LYMPHOCYTOSIS. 
 

The absence of NOTCH1 mutations in healthy individuals with MBL without 

lymphocytosis shows that NOTCH1 mutation is not an early event in the ontogeny of 

the disease. Further long-term studies are needed, to determine their implication in 

the development and prognosis of MBL/B-CLL. 

 
 

OBJECTIVE 3.1: EPIDEMIOLOGICAL STUDIES, TO COLLECT INFORMATION 
ON ENVIRONMENTAL AND FAMILY CIRCUMSTANCES, PARTICULARLY 
THOSE RELATED TO INFECTION BY CERTAIN VIRUSES AND OTHER 
MICROORGANISMS ASSOCIATED WITH THE PRESENCE OF CLONAL B-
LYMPHOCYTES. 
 

Despite the number of cases in the epidemiological analyses was relatively small, our 

results strongly suggest a potential role of infectious agents in the development of 

“low-count” MBL in the general population, particularly of those involved in 

respiratory infections. 

 
 

OBJECTIVE 3.2: TO REACH FOR SEROLOGIC MARKERS SHARED BY 
GROUPS OF MBL/B-CLL, THROUGH THE IDENTIFICATION OF EXOGENOUS 
FACTORS INVOLVED IN THE ONTO-PATHOGENESIS, EXPANSION AND 
MALIGNANT TRANSFORMATION OF THE DISEASE. 
 

1. No association has been observed among the different groups and their 

exposure to EBV, neither to the amount of Ab produced. In the same way, no 

association was demonstrated when compared the diagnosis status of healthy 

individuals without MBL and individuals with MBL without lymphocytosis 

against HBV, HCV, and VIH, suggesting that the role of these viruses is not 

relevant in the early stages of the disease. 
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2. By contrast, CMV may have a role in the expansion of monoclonal B-cells in 

later stages of the disease, as MBL with lymphocytosis and B-CLL patients show 

higher titters of anti-CMV IgG. Further studies are needed to elucidate the 

potential role of CMV both in the ontogenesis of MBL/B-CLL and in the 

outcome of the disease. 
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MATERIALS AND METHODS 

OBJECTIVE 1. TO INVESTIGATE AT 4TH YEAR AFTER THE BASAL STUDY 
THE CLINICAL OUTCOME OF INDIVIDUALS AND THE BIOLOGICAL 
CHARACTERISTICS OF THE MBL CLONE IN A SERIES OF MBL HEALTHY 
SUBJECTS (WITHOUT LYMPHOCYTOSIS) FROM THE GENERAL 
POPULATION, THROUGH AN EXTENSIVE PHENOTYPIC AND GENETIC 
CHARACTERIZATION OF EACH OF THE B-CELL CLONES DETECTED IN THESE 
INDIVIDUALS, IN COMPARISON WITH THE BIOLOGIC FEATURES OF 
NEOPLASTIC B-CELLS FROM B-CLPD PATIENTS. 
 
 
SUBJECTS OF STUDY   
 
 To investigate the evolution of B-cell clones approximately 4 years after the initial 

diagnosis, a total of 33 healthy adults from the general population who showed 

circulating B-cell clones at the basal study were re-evaluated; from them, 24 had also 

been evaluated one year after the first screening. These subjects belonged to a series 

of 93 MBL cases previously identified from a total of 639 healthy adults (>40 years) 

representative of the population living in the area of Salamanca (western Spain) (64). 

The mean age of these 33 individuals was 72 ±8 years, ranging from 52 to 95 years 

(54% male, 45% female), with absolute leukocyte and lymphocyte counts of 6.9±1.9 

x10⁹/L and (3.1 ±1.4 x10⁹/L), respectively. Table 2 shows in detail the major 

characteristics of these MBL cases, including the type of MBL detected at diagnosis: 27 

cases (82%) had been classified as B-CLL-like MBL, from which 4/27 had two B-cell 

clones in the basal study -both clones similar to B-CLL in 3 cases (#24, #25 and #26), 

while #27 showed one B-CLL-like-MBL clone and one non-B-CLL-like MBL-; the 

remaining 6 cases (#28 to #33) had been classified as non-B-CLL-like MBL cases.  

The study was approved by the Ethics Committee of the Cancer Research Center of 

Salamanca, Spain, and all samples were obtained according to the Declaration of 

Helsinki, after written informed consent had been given by each subject. 
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FLOW CYTOMETRY ANALYSES 
 
In all the cases, an extensive immunophenotypic analysis was made, to identify and 

characterize circulating clonal B cell populations. For this purpose, a direct 

immunofluorescence technique was used, with directly-conjugated monoclonal 

antibodies in 8-color combinations. A stain-and-then-lyse approach was performed 

(71), as detailed below.   

 

REAGENTS 

The following reagents were used in different steps of sample processing (Tables 12 

and 13): 

Table 12: Solutions used for flow cytometry analyses. PBS: Phosphate buffered saline; BSA: bovine serum 
albumin; Ig: immunoglobulin; EDTA: Ethylenediamine-tetraacetic acid. 

Buffer Function Composition 

   
PBS+BSA Staining buffer & Ig removal washing 

buffer 

PBS 1X, EDTA 2mM, 0.5% (w/v) 

BSA (> 96%, Sigma) 

FACS Lysing solution  Red blood cell lysis solution FACS Lysing Solution, 10X 

concentrate (BD Catalog 

No. 349202). 

PBS  Washing buffer 8g of NaCl, 0.2g of KCl, 1.44g  

of Na2HPO4 0.24g of KH2PO4 
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Table 13:  Antibodies used for studying the expression of monoclonal B-cells by flow cytometry. FITC: 
Fluorescein isothiocyanate; PE: Phycoerythrin ; PerCP-Cy5.5: Peridinin chlorophyll protein-cyanine 5.5; 
PE-Cy7: Phycoerythrin-cyanine 7; APC: Allophycocyanin; APC-H7: Allophycocyanin-hillite 7; PacB: Pacific 
Blue; AF700: alexa fluor 700; PacO: Pacific Orange. All antibody reagents were purchased from Becton 
Dickinson Biosciences (BDB, San Jose, CA, USA), except CD19-PECy7 (Beckman Coulter, Miami, FL, USA), 
CD20-PacB (e-Biosciences, San Diego, CA, USA), CD45-PacO (Invitrogen, Carlsbad, CA, USA), and anti-
sIgk-FITC, and anti-sIgL-PE (Dako, Glostrup, Denmark). Cytognos (Salamanca, Spain). 
 

Antibody Fluorochromes Provider Reference 

CD3 APC/APCH7 BD 345767 

CD4 PacB BD 558116 

CD5 PerCP-
Cy5.5/APC 

BD 341109 

CD19 PECY7 BC IM3628 

CD20 PacB eBIO 302320 

CD23 PE BD 332782 

CD27 APC BD 337169 

CD38 APCH7 BD 646786 

CD45 PacO Invitrogen MHCD4530 

Anti-IgM 
 
Anti-TCR ϒδ 

FITC 
 
PECY7 

 

BD 

BD 

555782 

641319 

Anti-sIgλ FITC DAKO 387335 

Anti-sIgκ PE DAKO 387343 

CD8/Anti-sIgλ / CD56/Anti-sIgκ FITC /PE CYTOGNOS CYT-SLPC-

50 
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SAMPLE  PREPARATION: STAIN-AND-THEN-LYSE IMMUNOPHENOTYPIC TECHNIQUE  
 

A total amount of 3 to 4 ml EDTA-anticoagulated PB sample/case were collected and 

processed within the first 24 hours after collection. Before staining, cells were washed 

three times (5 min at 540 g) in 4 ml PBS-BSA, in order to remove serum 

immunoglobulins. Then, samples were incubated for 15 minutes at room temperature 

(RT) in the darkness, in the presence of saturating concentrations of the monoclonal 

antibody reagents detailed in Table 4, according to the three 8-color combinations 

shown in Table 5. Due to the high volume of sample stained/case, each 8-color 

combination were performed in triplicate/quadruplicate, each tube containing 

between 250-300 ml of sample. After incubation, 2 ml of “FACS lysing solution” 

(Becton Dickinson Biosciences, BDB, San José, CA, USA) diluted 1/10 (vol/vol) were 

added to each tube (to lyse non-nucleated red cells and fixate leukocytes) and after 

gentle vortex, samples were incubated for another 10 min in the same conditions as 

mentioned above. Then, cells were centrifuged (5 min at 540 g) and the cell pellet 

washed in 4 ml PBS. Finally, cells stained with the same combinations of antibodies 

were mixed and resuspended in 0.5 ml of PBS/tube, until measured in the flow 

cytometer. 

 

Table 14:  Antibodies used for studying the expression of monoclonal B-cells with flow cytometry. FITC: 
Fluorescein isothiocyanate; PE: Phycoerythrin ; PerCP: Peridinin chlorophyll protein; PE-Cy7: 
Phycoerythrin+ cyanine dye; APC: Allophycocyanin; APC-H7: Allophycocyanin+ cyanine dye; PacB:Pacific 
Blue; PacO: Pacific  Orange. 

 FITC PE PerCP/C
y5.5 

PECY7 APC APC-
H7 

PacB PacO 

Tube 1 Anti-sIgλ Anti-sIgκ CD79b CD19 CD5 CD3 CD20  
 
 
Tube 2 

CD8/ 
 
Anti-sIgλ 

CD56/ 

Anti-sIgκ 

 

CD5 

 

CD19/

TCRϒδ 

 

CD3 

 

CD38 

 

CD20/CD4 

 

CD45 

Tube 3 IgM CD23 CD5 CD19 CD27 CD38 CD20 CD45 
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DATA ACQUISITION AND ANALYSIS 
 
Data acquisition was performed within the first 2-3 hours after processing; on a 

FACSCanto II flow cytometer (BDB), using the BD Biosciences FACSDiva software (v. 

6.1), through a double-step procedure: 

 

In the first step, information stored  corresponded to the whole sample cellularity 

(~1x10⁵ cells), while in the second step only information  corresponding to B-

lymphocytes was stored, selected through an acquisition gate specifically 

corresponding  to  CD19+ and/or CD20+ cells, to acquire a minimum of 5x10⁶ total 

leukocytes / tube. 

 

Instrument setup and calibration were performed according to well-established 

protocols, and a daily quality control program was followed, using the Cytometer Setup 

and Tracking (CST) Beads and CST Module (BDB).  

 

Data analysis was performed using the INFINICITYTM software program (Cytognos SL, 

Salamanca, Spain). Since isotype controls were not used, those cells that did not 

express a certain marker were considered as negative control for positive cells. 

Analysis of sIgκ and sIgλ expression was performed within the different B-cell 

compartments identified with the CD19, CD20 and CD5 antigens in Tubes 1 and 2 

(Table 14); further characterization of MBL populations was performed with markers 

contained in Tube 3 (Table 14). To consider that a group of events constituted a clonal 

B-cell population, a minimum number of 50 cellular events was required.  

 

FLUORESCENCE ACTIVATED SORTING OF CLONAL/ABERRANT B-CELL SUBSETS    
  
Fluorescence activated cell sorting (FACS) of each clonal B-cell subpopulation was 

performed using a FACSAria II flow cytometer (BDB). B-cells were sorted according to 

their aberrant phenotype (B-CLL-like or non-B-CLL-like), together with their 

immunoglobulin light chain restriction. The purity of the sorted clonal/aberrant B-cell 

subsets was of 98% ±0.8%, as assessed by flow cytometry. Sorted cells were then 
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analyzed for their genetic features, using interphase FISH technique, as described 

below. 

 

INTERPHASE FLUORESCENCE IN SITU HYBRIDIZATION  

 
The most common genetic abnormalities associated with both B-CLL and non-B-CLL B-
CLPD were screened by multicolor interphase fluorescence in situ hybridization (iFISH), 
performed on slides containing fixed freshly obtained FACSorted aberrant/clonal B-
cells (31). 
 
 
Table 15:  Suitable reagents used in genetic analyses by iFISH. HCl: Hydrogen chloride ; NaOH: Sodium 

hydroxide. 
Reagent Trading 

House 
Reference 
(Cat. N.) 

PEPSIN SIGMA P-7000 

HCl (1N) PANREAC 181021 

HCl (32%) PANREAC 1.00319.1000 

FORMALDEHYDE solution 37% PANREAC 141328 

FORMAMIDE MERCK 1.09684.1000 

Vectashield VECTOR 

LAB 

H-1000 

DAPI 4, 6 DIAMIDINOPHENYLINDOLE SIGMA D-9542 

GLACIAL ACETIC ACID PANREAC 141008.1611 

METHANOL MERCK 1.06009.1000 

ETHANOL MERCK 1.00983.1000 

NaOH PANREAC 141687 

CLEAR CONTACT GLUE SUPERGEN 57052 

DIETHYLETHER MERCK 1.00921.1000 
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DESCRIPTION OF THE PROCEDURE 
 
EXTENSION 
 
A drop of cell suspension was placed on the slides after an optimal calculation of the 

number of cells corresponding to the hybrid zone. These preparations dried at RT and 

finally the availability of cells was verified using a phase contrast microscope. 

 
ENZYMATIC TREATMENT AND CELL FIXATION 
 
The slides were then sequentially incubated with solutions containing 0.005% pepsin 

(10 min at 37ºC). They were fixed in 1% paraformaldehyde in PBS (10 min at room 

temperature) and dehydrated in ethanol (70%, 90% and 100%) and left to dry at RT. 

 
DENATURATION / HYBRIDIZATION 
 
Hybrite thermal cycler (Vysis) was used for thermal treatment during denaturation and 

hybridization. This thermal cycler works within a temperature range between 4ºC and 

99ºC degrees with accuracy of 0.1ºC. 9 µl of the diluted probe were used for each area 

of hybridization, and then a cover was placed (18 x18 cm) and seals the sides with glue. 

The DNA probes and the cells were simultaneously denatured at 75ºC for 6 min. In less 

than 1 min the temperature of the thermal cycler plate was reduced to 38ºC and the 

hybridization took place overnight. 
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Table 15:  DNA Probes Used for the Genetic Characterization of B-CLL-like and non-B-CLL-Like MBL 
clones. All probes but ‘‘6q21 specific/a-satellite 6 Probe Cocktail’’ were purchased from Vysis Inc (Downers Grove, 

IL); 6q21 specific/a-satellite 6 Probe Cocktail was purchased from QBiogene (Montreal, Quebec, Canada). 

Genetic alteration Probe 

Trisomy 12 CEP12, D12Z3 

del(11q22.3) LSI ATM (11q22.3) 

del(11q23) LSI MLL (11q23.3) 

del(17p13.1) LSI P53 (17p13.1) 

del(7q) LSI D7S486/D7Z1 (7q31/7p11.1-q11.1) 

del(13q14) LSI 13/RB1 gene (13q14) and LSI D13S25 (13q14.3) 
t(14q32) LSI IgH 

t(18q21) LSI MALT1 

t(11;14)(q13;q32) LSI IgH/CCND1 

t(3q27) LSI BCL6 

del(6q21) 6q21 specific / a-satellite (6 Probe Cocktail) 

 

 
REVEALED: POST-HYBRIDIZATION WASHES 
 
After the hybridization, the cover glass was removed (46ºC in darkness) and the slides 

were incubated for 5 min in a washing buffer (1:50% formamide, pH7) at room 

temperature. 

 

COUNTERSTAIN 
 
Slides were incubated with a counterstaining DAPI solution (1 time, 2 min at RT). 10 µL 

of Vectashield  were added on the hybridized area and then slides were covered (24 

X50 coverslips). After 3 minutes, samples were ready to be analyzed in the 

fluorescence microscope. 
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ANALYSIS UNDER A FLUORESCENCE MICROSCOPE 
 
The number of hybridization spots was evaluated using Nikon Eclipse E400 equipped 

with a 100-oil objective. For each slide, the number of hybridization spots with a 

similar size, intensity, and shape was counted for at least 200 nuclei, the number of 

non-hybridized cells in the areas assessed being less than 1%. 

 

STATISTICAL METHODS 

  
Relative frequencies, as well as median, mean, standard deviation (SD), range and the 

25th and 75th percentiles were calculated using the SPSS software program (SPSS 19.0 

Inc. Chicago, IL, USA), for categorical and continuous variables, respectively. To 

establish the statistical significance of differences observed between groups, the 

Pearson’s 2 test was used for categorical variables, and either the Wilcoxon or Mann–

Whitney U non-parametric tests were used for paired and non-paired continuous 

variables, respectively. P-values ≤0.05 were considered to be associated with statistical 

significance.  

 

 

OBJECTIVE 2: TO ANALYSE THE POTENTIAL ROLE OF NOTCH1 
MUTATIONS, THROUGH THE EVALUATION OF DNA FROM PURIFIED 
CLONAL B-CELL POPULATIONS FROM MBL WITHOUT LYMPHOCYTOSIS. 
 

DESIGN AND SUBJECTS 
 
Analysis of NOTCH1 mutations in MBL cases from the general population was 

performed in a total of 14 individuals with B-CLL-like MBL, all of them corresponding to 

subjects who were re-evaluated at 4th year after the first study, and whose number of 

clonal B-cells was high enough to perform the study. 
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AMPLIFICATION OF GENOMIC DNA FROM PURIFIED MONOCLONAL B LYMPHOCYTES 
USING THE REPLI-G MINI KIT 
 
FACSorted purified monoclonal B-cells were lysed and the DNA denatured using the 

denaturation buffer included in the QIAamp system (Qiagen Inc., Valencia, CA). Once 

the denaturation procedure was stopped by adding a neutralization buffer, a master 

mix containing DNA polymerase was added to start the isothermal amplification 

reaction at 30ºC overnight. This kit induced a high amplification of the whole genome, 

thanks to the ability of the DNA polymerase of replicating 100 kb without dissociating 

from the genomic DNA template. The concentration of DNA was estimated by 

spectrophotometry using Nanodrop ND-1000 spectrophotometer (Wilmington, DE).  

 

DETECTION OF NOTCH1 MUTATION VIA PCR 
 
PEST domains of NOTCH1 were amplified through a PCR mix consisting of 5 µl of 10x 

PCR buffer with a concentration of 1.5 µl dNTPs, and solution of primers, Taq 

polymerase (Table 15). The primers used were: 

  
  PEST2FW (forward): 6FAM – GTGACCGCAGCCCAGTTC  
  PEST2RV (reverse): AAAGGAAGCCGGGGTCTC3 
 
 
Table 15:  PCR program. 

Step Temperature Time Cycles 

First Denaturalization 95ºC 10 min 1 

Denaturation 94ºC 30 sec  

35 Hibridation  60ºC 30 sec 

Extension 72ºC 30 sec 

Post-cycle (extension)    72ºC 30 min 1 
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DETERMINING THE SENSITIVITY OF THE TECHNIQUE 

 
To evaluate the sensitivity of the technique, we used purified monoclonal B cells from 

a B-CLL patient with mutation in NOTCH1. By progressively decreasing the number of 

cells analyzed at a time we reached the limit of detection at 200 cells. 

 

DIFFERENTIAL FLUORESCENCE DETECTION ON ABI 3100 (GENESCAN): 

 
Interpretation of results was performed with Genescan according to the following 

criteria: (i) NOTCH1 mutated case: observation of 2 peaks, one of 269 bp -

corresponding to the normal allele- and the other one of 267 bp, due to the deletion of 

the allele; and (ii) NOTCH1 unmutated case: only one peak is visualized, this 

corresponding to the normal allele (269 bp). 

 

 

OBJECTIVE 3.1: EPIDEMIOLOGICAL STUDIES, TO COLLECT INFORMATION 
ON ENVIRONMENTAL AND FAMILY CIRCUMSTANCES, PARTICULARLY 
THOSE RELATED TO INFECTION BY CERTAIN VIRUSES AND OTHER 
MICROORGANISMS ASSOCIATED WITH THE PRESENCE OF CLONAL B 
LYMPHOCYTES. 
 
 
DESIGN AND SUBJECTS 

 
To investigate the risk factors associated with "low count" MBL, a cross-sectional study 

was designed and applied to a cohort of 452 healthy adults who completed an 

epidemiological questionnaire, as part of a study examining the prevalence of MBL 

among the general population of Salamanca (Northwest-Central Spain). All these 639 

cases, presenting normal counts of leukocytes and lymphocytes in PB (6.3 ±1.6 x109/L 

and 2.2 ±0.7 x109/L, respectively), had been described previously in clinical as well as 

phenotypic/genetic and molecular terms, at the time of recruitment (66,75). 

 

Among the 639 cases which were screened for the presence of clonal B-cell 

populations with high-sensitive multicolor flow cytometry, 452 (71%) completed a 

questionnaire, being everyone blinded to the MBL status of the subject. Individuals 
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carrying MBL clones were denoted as "cases" and the remaining were classified as 

"controls". MBL cases were further classified as either "CLL-like" or non-“CLL-like" 

MBL. 

 

The research protocol was approved by the Ethics Committee of the Cancer Research 

Center of Salamanca, and all participants gave their written informed consent in 

accordance with the Declaration of Helsinki. 

 
IMMUNOPHENOTYPIC ANALYSES  
 
In each case, between 3 and 4 mL of EDTA-anticoagulated PB were 

immunophenotyped, using a highly sensitive 8-color flow cytometer, applying the 

same methods as described in Objective 1. 

 
 
STATISTICAL ANALYSIS 
 
All statistical analyses were performed using STATA10.1 (Statacorp, USA). We used 

unconditional logistic regression adjusted for age (<50, 50-59, 60-69, 70 or more) and 

sex to calculate odds ratios (OR) and 95% confidence intervals (CI) for MBL in relation 

to different risk factors from the questionnaire. Further adjustment for family size, 

number of children or number of siblings was performed as appropriate (for instance, 

the variable self-reported history of infections among children was further adjusted for 

number of children). Since pneumococcal and influenza vaccinations are generally 

provided from the age of 60 years in Spain, further analyses stratified by age (≥60 

years) were performed. Self-reported current drug use was grouped into 14 major 

groups of drugs as per the Anatomical Therapeutic Chemical Classification System 

(2003). Sensitivity analysis restricting the outcome to CLL-like MBL was performed. 

 

 

 

 

 
 
 



67 
 
 

OBJECTIVE 3.2: TO REACH FOR SEROLOGIC MARKERS SHARED BY 
GROUPS OF MBL/B-CLL, THROUGH THE IDENTIFICATION OF EXOGENOUS 
FACTORS INVOLVED IN THE ONTO-PATHOGENESIS, EXPANSION AND 
MALIGNANT TRANSFORMATION OF THE DISEASE.  
 
 
DESIGN AND SUBJECTS 

Plasma samples from 289 individuals were evaluated, to identify possible serological 

factors involved in the development and behavior of B-CLPD, especially B-CLL. These 

subjects were subdivided into different categories, for further serological investigation 

of the following viral infectious agents: Epstein-Barr virus (EBV), Cytomegalovirus 

(CMV), Hepatitis C virus (HCV), Hepatitis B virus (HBV), and Human immunodeficiency 

virus (HIV).  

Serologic measurements were made using immunoenzymatic techniques: enzyme-

linked immunosorbant (ELISA) or chemiluminescent immunoassay (CLIA). 

 
 
Table 16:  Plasma classification concerning phenotype. 

Number of subjects of study  Phenotype 

101 Healthy individuals 

92 General population with MBL ("low count" 

MBL) 

30 B-CLL-like MBL 

1 BICLONAL (B-CLL-like & B-CLL-like MBL) 

31 Typical CLL  

20 Atypical CLL 

7 CLL with poor prognosis factors 

2 CLL progression risks factors 

4 
1 

BICLONAL B-CLL-type & B-CLL 

Biclonal with poor prognosis factors CLL  

SMZL  

 



68 
 
 

STANDARD PROCEDURE FOR DETERMINATION OF SERUM ANTIBODIES AGAINST 
EPSTEIN-BARR VIRUS AND CMV 

The LIAISON® EBNA IgG , EBV IgM  and VCA IgG are chemiluminescent immunoassays for 

the detection and quantitation of this specific antibodies in human plasma samples. 

Systems were internally calibrated using the WHO standards, to measure 

concentrations within the range of 10 to 750 U/mL for VCA IgG, 3 to 600 U/mL for 

EBNA IgG and 10 to 160 U/mL for EBV IgM. Manufacturer's recommendations were 

strictly followed, and therefore plasma samples were diluted as follows: 1:20 for EBNA 

IgG and VCA IgG, and 1:10 for EBNA IgM.  For samples with levels above or below the 

ranges defined above, a lower or greater dilution in the manufacturer's diluent were 

performed, to bring them into the range of the calibration curve.  

CMV IgG and CMV IgM studies were also accomplished using LIAISON assays, being the 

range of concentrations of 5.0 to 180 U/mL for hCMV IgG and 5.0 to 140 U/mL for  

hCMV IgM. The dilution recommended by the manufacture was 1:10 for both. 

 
STANDARD PROCEDURE FOR DETERMINATION OF SERUM ANTIBODIES AGAINST 
HBV.HCV  AND HIV 
 
The ARCHITECT Anti-HBs assay is a two-step immunoassay, using chemiluminescent 

microparticle immunoassay (CMIA) technology, for the quantitative determination of 

anti-HBs in human plasma. 

 

In the first step, sample and recombinant HBsAg (rHBsAg) coated paramagnetic 

microparticles are combined. Anti-HBs present in the sample binds to the rHBsAg 

coated microparticles. After washing, acridinium-labeled rHBsAg conjugate is added in 

the second step. 

 

Following another wash cycle, Pre-Trigger and Trigger Solutions are added to the 

reaction mixture. The resulting chemiluminescent reaction is measured as relative light 

units (RLUs). A direct relationship exists between the amount of anti-HBs in the sample 

and the RLUs detected by the ARCHITECT i* System optics. 
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The concentration of anti-HBs in the specimen is determined using a previously 

generated ARCHITECT Anti-HBs calibration curve. If the concentration of the specimen 

is greater than or equal to 10.0 mIU/mL, the specimen is considered reactive for anti-

HBs. 

 

The ABBOTT PRISM HCV assay is a two-step sandwich ChLIA. The reactions occur 

within the ABBOTT PRISM System in the following sequence: 

 

 • Microparticles coated with HCV recombinant antigens are incubated with Specimen 

Diluent and the plasma sample in the incubation well of the reaction tray. During 

incubation, HCV antibodies present in the sample bind to the antigen(s) on the 

Microparticles. 

 

 • After this first incubation is complete; the reaction mixture is transferred to the glass 

fiber matrix (matrix) of the reaction tray using the Transfer Wash. The microparticles 

are captured by the matrix, while the remaining mixture flows through to the 

absorbent blotter.  

 

• The Anti-Biotin (Mouse Monoclonal):Acridinium Conjugate/Biotinylated F(ab')2 

Fragment (Goat) Anti-Human IgG is added to the microparticles on the matrix and 

incubated. After this second incubation, the unbound Conjugate is washed into the 

blotter with the Conjugate Wash.  

 

• The chemiluminescent signal is generated by addition of an alkaline hydrogen 

peroxide solution. The resultant photons are counted. 

 

The amount of light emitted is proportional to the amount of anti-HCV in the sample. 

The presence or absence of anti-HCV in the sample is determined by comparing the 

number of photons collected from the sample to a cutoff value determined from a 

calibration performed in the same batch. If the number of photons collected from a 
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test sample is less than the cutoff value, the sample is considered nonreactive for anti-

HCV by the criteria of the ABBOTT PRISM HCV assay. These specimens need not be 

further tested. If the number of photons collected from a test sample is greater than or 

equal to the cutoff value, the sample is considered reactive for anti-HCV by the criteria 

of the ABBOTT PRISM HCV assay.  

 

The ARCHITECT HIV Ag/Ab Combo assay for use on the ARCHITECT i System is a two-

step immunoassay to determine the presence of HIV-1 p24 antigen, antibodies to HIV-

1 (group M and group O), in human  plasma using CMIA technology with flexible assay 

protocols, referred to as Chemiflex. 

 

In the first step, sample, ARCHITECT i Wash Buffer, assay diluent, and paramagnetic 

microparticles are combined. HIV-1 p24 antigen and HIV-1 antibodies present in the 

sample bind to the HIV-1 and HIV-1 p24 monoclonal (mouse) antibody coated 

microparticles. After washing, the bound HIV-1 p24 antigen and HIV-1 antibodies bind 

to the acridinium-labeled conjugates. Following another wash cycle, pre-trigger and 

trigger solutions are added to the reaction mixture. The resulting chemiluminescent 

reaction is measured as relative light units (RLU). A relationship exists between the 

amount of HIV antigen and antibodies in the sample and the RLU detected by the 

ARCHITECT i System optics. The presence or absence of HIV-1 p24 antigen or HIV-1 

antibodies in the specimen is determined by comparing the chemiluminescent signal in 

the reaction to the cutoff signal determined from an ARCHITECT HIV Ag/Ab Combo 

calibration. Specimens with signal to cutoff (S/CO) values greater than or equal to 1.00 

are considered reactive for HIV-1 p24 antigen or HIV-1. Specimens with S/CO values 

less than 1.00 are considered nonreactive for HIV-1 p24 antigen and HIV-1 antibodies. 

Specimens that are initially reactive in the ARCHITECT HIV Ag/Ab Combo assay should 

be retested in duplicate. Repeat reactivity is highly predictive of the presence of HIV-1 

p24 antigen and/or HIV-1 antibodies. However, as with all immunoassays, the 

ARCHITECT HIV Ag/Ab Combo assay may yield nonspecific reactions due to other 

causes, particularly when testing in low prevalence populations. A repeatedly reactive 
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specimen should be investigated further with supplemental confirmatory HIV-specific 

tests, such as immunoblots, antigen tests. 

 
 
INTERPRETATION OF RESULTS 
 
Sample results have been interpreted as shown in Tables 17, 18, 19, 20 and 21. 

 
Table 17: Different cut-off used for interpretation of EBV IgM ,VCA IgG, EBNA IgG values. EBV: Epstein-
Barr virus; VCA: virus capsid antigen EBNA: EBV nuclear antigen. 

EBV IgM value VCA IgG 
value 

EBNA IgG 
value 

Result Interpretation 

< 20 U/mL < 20 U/mL < 20 U/mL EBV negative 

≥20 U/mL < 20 U/mL < 20 U/mL Suspected primary EBV infection (early acute 

phase) 

≥20 U/mL ≥20 U/mL < 20 U/mL Primary EBV infection (acute phase) 

≥40 U/mL ≥20 U/mL ≥20 U/mL Primary EBV infection (transient phase) 

<40 U/mL ≥20 U/mL ≥20 U/mL Past EBV infection or reactivation 

< 20 U/mL ≥20 U/mL ≥5 U/mL Past EBV infection or reactivation 

< 20 U/mL ≥ 20 U/mL <5 U/mL Unresolved (VCA IgG positive only). 

 
 
 

Table 18: Different cut-off used for interpretation of CMV IgG and CMV IgM values. CMV: 
Cytomegalovirus. 

CMV IgM value CMV IgG valu Result Interpretation 

< 18.0 U/mL <12.0 U/mL CMV negative 

>22.0 U/mL <12.0 U/mL Suspected primary CMV infection (early acute phase) 

>22.0 U/mL >14.0 U/mL Primary CMV infection (acute phase) 

< 18.0 U/mL >14.0 U/mL Past CMV infection or recurrent 
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Table 19: Different cut-off used for interpretation of HBV Ag values. R: Reactive ; NR: Non-Reactive. All 
specimens that are initially reactive must be centrifuged and retested in duplicate. 

Initial 
Results 

Retest Results 
Final 

Result 
Interpretation of Final Result 

NR(< 1.00) 
 

 
R(≥ 1.00) 

No retest required (NA) 

Both tests are NR (< 1.00) 

NR 

 

NR 

 

Nonreactive 

Nonreactive 

 

R(≥ 1.00) 
One or both tests are R (≥ 1.00) R Reactive 

 
 
Table 20: Different cut-off used for interpretation of HCV Ag values. 

Initial 
Results 

Retest Results 
Final 

Result 
Interpretation of Final Result 

NR(< 1.00) 
 

 
R(≥ 1.00) 

No retest required (NA) 

Both tests are NR (< 1.00) 

NR 

 

NR 

 

Nonreactive 

Nonreactive 

 

R(≥ 1.00) 
One or both tests are R (≥ 1.00) R Reactive 

 
Table 21: Different cut-off used for interpretation of VIH Ag values. R: Reactive ; NR: Non-Reactive. All 
specimens that are initially reactive must be centrifuged and retested in duplicate. 

Initial 
Results 

Retest Results 
Final 

Result 
Interpretation of Final Result 

NR(< 1.00) 
 

 
R(≥ 1.00) 

No retest 

required (NA) 

Both tests are NR 

(< 1.00) 

NR 

 

NR 

 

HIV-1 p24 Ag and HIV-1/HIV-2 Ab not detected 

 

HIV-1 p24 Ag and HIV-1/HIV-2 Ab not detected 

 

R(≥ 1.00) 
One or both tests 

are R (≥ 1.00) 
R 

Presumptive evidence of HIV-1 p24 Ag and/or HIV-

1/HIV-2 Ab; perform supplemental confirmatory 

assay(s) 

 
 
STATISTICAL METHODS 
 
Descriptive and comparative statistics were performed as for Objective 1. 
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