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Introduction

Chronic lymphoproliferative diseases (CLPDs) are one of the component
subcategories of lymphoproliferative diseases (LPDs). They are a diverse group of blood
cancers characterized by heterogeneous manifestations and abnormal accumulation of
mature lymphocytes [1]. They are distinguished from acute leukemias by the absence of

terminal deoxynucleotidyl transferase, an enzyme usually found in young lymphocytes [2].

The CLPD group includes a multitude of conditions, such as: Chronic Lymphocytic
Leukemia (CLL), Diffuse Large B-Cell Lymphoma (DLBCL), Burkitt Lymphoma (BL),
Peripheral T-Cell Lymphoma Not Otherwise Specified (PTCL-NOS), etc [3]. Because these
diseases are so different, diagnostic methods vary from one pathology to another. Thus, we
recall that for CLL the diagnostic strategy involves altered leukocyte and lymphocyte values,
followed by a peripheral blood smear [4] while in the case of Burkitt lymphoma the diagnosis

requires the anatomo-pathological result of the biopsy..

Currently, in addition to these determinations, there is an increasing use of
immunophenotypic profiling, which helps both in diagnosis and in subsequent monitoring
[4]. Thus, the idea of performing a comprehensive immunological profile arises, which can
serve as the basis for an early diagnosis of severe forms and can help in the development of
personalized therapeutic strategies. In this endeavor, testing the human leukocyte antigen

(HLA) genes, as disease markers, is of great help [5].

Currently, the best known associations between HLA and disease are: the link
between HLA-B*27 and ankylosing spondylitis, the association of type 1 diabetes with
HLA-DQBI alleles, the influence of HLA-DQ2 and HLA-DQ8 in the occurrence of celiac
disease [6—8] etc. Associations between chronic lymphoproliferative disorders and HLA
genes have also been reported. The most important examples are the association of CLL with
the following alleles: HLA-C*07:01, HLA-DRB1*04:01, HLA-DQB1*04:02, HLA-
B*15:01 [9], alelele HLA- DQB1*05:01 si DRB1*01:01 which favors the occurrence of
DLBCL [10], HLA-A*02, HLA-B*58 si HLA-DQA1*04:01 which are found in patients
with Burkitt lymphoma [11,12] and the list goes on. These associations motivated us to
search for possible links between HLA genes and CLPD in the Romanian population. At the
same time, these data may contribute to establishing HLA alleles as new disease markers
that could, in the future, serve both to diagnose certain pathologies and to determine the

severity of the disease.



I. CURRENT STATE OF KNOWLEDGE

1. General data on chronic lymphoproliferations

1.1. Prevalence of chronic lymphoproliferations

Being a broad category of diseases, epidemiological data regarding the entire group of
chronic lymphoproliferative disorders are lacking, preferring to report for each type of

neoplasm. This trend can be observed not only in Romania but throughout the world.

In Europe, the incidence of CLL is 4.2 cases per 100,000 people each year [4] while in
our country the incidence is 8 cases per 100,000 inhabitants per year [13]. Diffuse large B-
cell lymphoma, on the other hand, has an estimated prevalence in Western Europe of
approximately 45 cases per 100,000 inhabitants[14,15]. Mantle cell lymphoma is a type of
B-cell LMNH with a prevalence for our continent of 1-9 new cases per 100,000 inhabitants
[16]. In Europe 1 in 530,000 individuals under the age of 14 is diagnosed with Burkitt
lymphoma, while for adolescents between 15 and 19 years it can occur in 1 in 670,000 people

[17].

A rare type of cancer is PTCL-NOS [18]. This represents 35% of PTCL cases in Europe
and North America [19]. Another equally aggressive pathology is Adult T-cell
Leukemia/Lymphoma (ATLL) [20]. Although only 2-5% of carriers of this virus can speak
of the occurrence of ATLL[21], a study conducted on the Romanian population shows a

prevalence of 5.33 diagnosed infections per 10,000 potential stem cell donors[22].

1.2. Classification of chronic lymphoproliferative diseases

Chronic lymphoproliferative pathologies were first brought into discussion by the World
Health Organization (WHO), which since 1956 has aimed to classify not only these
pathologies but all types of tumors[23,24], having as a classification principle the location

and histological appearance specific to tumors.

Chronic mature B-cell lymphoproliferations are divided into: preneoplastic and small
neoplastic lymphocytic proliferations, splenic B-cell lymphomas and leukemias,
lymphoplasmacytic lymphoma, marginal zone lymphoma, follicular lymphoma, cutaneous

follicular center lymphoma, mantle cell lymphoma, transformations of indolent B-cell



lymphomas, large B-cell lymphomas, Burkitt lymphoma, KSHV/HHV§-associated B-cell
lymphomas and lymphoid proliferations, proliferations and lymphomas associated with
immune deficiency and dysregulation, and Hodgkin lymphoma [3]. Each of these categories
in turn includes several pathologies, which can be seen in Appendix- Supplementary Table

1 taken from the WHO guideline [3].

Mature T-cell or NK-cell cancers are in turn divided into: mature T-cell or NK-cell
leukemias, primary cutaneous T-cell lymphomas, intestinal T-cell and NK-cell lymphoid
proliferations and lymphomas, hepatosplenic T-cell lymphoma, anaplastic large cell
lymphoma[3]. Each of these categories brings together several types of neoplasms, as can
be seen in Supplementary Appendix-Table 2, all of which are found in the WHO
guidelines[3].

1.3. The diagnosis of chronic lymphoproliferations

In Romania, the 2021 Medical Practice Guide approved by Order no. 219 of February
23, 2021[4,25], provides the diagnostic criteria for CLL according in accordance with the
European Society for Medical Oncology (ESMO) 2016 [4]. A lymphocyte count exceeding
5x109/L indicating monoclonal lymphocytosis is the first indication that raises suspicion of
this diagnosis[4]. These changes correlate with the identification of small lymphocytes,
scanty cytoplasm and dense chromatin nuclei on the peripheral blood smear[4]. In the
diagnostic process, cytometry helps by identifying specific differentiation clusters (CDs) for
the B lymphocyte lineage such as CD19, CD20, CD79b, CDS, etc. associated with low

expression of kappa or lambda chains[4].

In the case of Burkitt lymphoma, anatomic-pathological analysis of the biopsy is
necessary to establish the diagnosis [26], as is the case of peripheral T-cell lymphomas,
which include PTCL-NOS[27]. The 2015 ESMO guidelines also establish that the gold
standard in the diagnosis of DLBCL is also biopsy, which provides important information

about the tumor architecture and the type of cells involved [28].

MCL is one of the malignancies for which the diagnosis will be made based on the
anatomo-pathological examination [29], and for Lymphoma and T-cell leukemia in adults,
the most useful diagnostic tests will aim to determine the morphology of T cells and their

phenotype and biopsy the affected tissues in order to determine their histology [30].



2. The immune response in chronic lymphoproliferations

2.1. The role of HLA genes in the immune response

The major histocompatibility complex (MHC) is an essential component for the proper
functioning of the adaptive immune system [31,32]. The importance of these molecules lies
in their involvement in the process of antigen presentation to T lymphocytes, without which

the activation of these immune cells would not be possible [32].
HLA and autoimmune diseases

Since MHC molecules play such an important role in the proper functioning of the
immune response, specialized studies have concluded that certain variants of HLA genes

may favor the occurrence of certain diseases [32].

One of the well-established links is between ankylosing spondylitis (AS) and the HLA-
B*27 allele [6]. It is now thought that over 85% of AS patients carry this allele [33,34].
While HLA-B*27 remains the most prominent genetic risk factor, other HLA alleles, such
as HLA-B*60, have also been implicated in increasing susceptibility to developing AS [6].

Another pathology that has been extensively documented for possible association is type
1 diabetes mellitus (T1D), an autoimmune disease with a complex genetic basis [35]. Studies
have shown that the HLA region, especially the HLA-DR and HLA-DQ genes, plays a
crucial role in determining susceptibility to T1D [36,37].

HLA and transplantation

In recent years, significant progress has been made in understanding the impact of HLA
mismatches on the outcomes of allogeneic hematopoietic stem cell transplantation (HSCT).
HLA matching is a critical component of HSCT, ensuring compatibility between donor and

recipient to prevent graft rejection and graft-versus-host disease (GVHD) [38].

Organ transplantation provides a life-saving treatment for many people with organ
failure [39]. HLA matching is a critical factor in the success of organ transplantation, as it

significantly reduces the risk of graft rejection and improves long-term outcomes [40].



2.2. Genetic aspects and mutations associated with chronic lymphoproliferations

Chronic lymphoproliferative disorders are a large group of diseases that bring together
under the same umbrella some of the most well-known and common pathologies such as
CLL, Burkitt lymphoma, PTLC-NOS, etc. [1]. However, due to the fact that these
pathologies have different cellular involvement, different manifestations and overall are not
similar in the way the disease evolves[1], we considered that they should be analyzed

individually.

In the case of CLL, FISH technology has significantly contributed to the understanding
of this disease [41]. Approximately 80% of CLL tumors have specific chromosomal
abnormalities, including deletions of chromosomes 13 and 11, trisomy 12, and deletion of

the short arm of chromosome 17 [41].

For DLBCL, the literature documents a variety of genetic alterations involved in the
development of the disease. As DLBCL consists of two subcategories GCB-DLBCL
(germinal center B-cell) and ABC-DLBCL (activated B-cell) [42]. Common mutations in
GCB DLBCL included BCL2, GNA13, EZH2, TNFRSF14, BCL6, MYC and PTEN, while
ABC DLBCL was frequently associated with mutations in TNFAIP3, MYDS88, CDKN2A,
BCL2, PRDM1, CD79A/B and CARDI111 [42,43].

The hallmark of Burkitt lymphoma is, genetically, the aberrant expression of the c-MYC
oncogene [44]. This overexpression is driven by chromosomal translocations fusing c-MYC
to immunoglobulin genes [44]. The most common translocation, t(8;14), involves the
immunoglobulin heavy chain gene, while t(2;8) and t(8;22) involve the immunoglobulin

light chain genes [44].

One of the most common T-cell neoplasms, PTCL-NOS, also appears to have an
important genetic component [45]. Gene expression analysis has revealed a molecular
classification of PTCL-NOS based on the expression of one of the GATA3 or TBX21 genes
[45].

All these genetic changes, found in both T-cell and B-cell pathologies, have important
implications for the progression and treatment of the disease. The research and identification
of these markers has brought answers about the mechanisms of action encountered in some
neoplasms. Also, the identification of these changes is in some cases pathognomonic and

helps to establish new disease markers.



II. PERSONAL CONTRIBUTIONS
3. Aim and objectives of the study

This research contributes to the deep understanding of chronic lymphoproliferations,
providing valuable data for optimizing therapeutic strategies and improving patient
prognosis. Through a detailed analysis of clinical and biological characteristics, the work
aims to lay the foundation for new research directions and personalized therapeutic

approaches..

Therefore, our study aims to complete the specific immunological picture of this vast
category of diseases, represented by chronic lymphoproliferations. We also want to make a
contribution in the fields of both immunology and hematology, with the potential to

positively influence the clinical management of patients with chronic lymphoproliferations.
The following specific objectives have been formulated to achieve this goal:

1. Data collection from patients diagnosed with different types of chronic
lymphoproliferation. The number of patients included in the study must exceed 100
patients for clinical relevance. The data considered are: gender, age, different genetic
factors that can lead to the onset of the disease, associated comorbidities, the values
of certain biochemical, hematological and immunophenotypic markers;

2. Investigation of potential associations between HLA genes and chronic
lymphoproliferations, analyzed as a unitary group;

3. Investigation of potential associations between HLA genes and different types of
chronic lymphoproliferations, analyzed individually;

4. Investigating potential associations between HLA genes and Chronic Lymphocytic
Leukemia;

5. Investigating potential associations between HLA genes and Chronic Lymphocytic
Leukemia, considering the gender of the patients;

6. Outlining the immunological profile for patients with Chronic Lymphocytic
Leukemia taking into account both existing markers for this disease and the HLA

genes identified specifically for this pathology.



4. Patients and Methods

4.1. Patient groups

This doctoral thesis aims to monitor a group of 41 women and 63 men, resulting in
a total of 104 patients diagnosed with chronic lymphoproliferations, in the Hematology
Clinic of the Fundeni Clinical Institute, who were compared with 100 healthy volunteers,
who did not present hematological diseases, active acute or chronic infections or other types

of neoplasia.

The present study focuses on the identification of HLA class I and II genes, which
play a role in the occurrence of chronic lymphoproliferative disorders and may influence the
prognosis and therapeutic management of patients diagnosed with one of the malignancies
in this group of diseases. The associations between HLA class I and II gene polymorphisms
and 7 types of chronic lymphoproliferative disorders were investigated: Chronic
lymphocytic leukemia (CLL), Peripheral T-cell lymphoma - not otherwise specified (PTCL-
NOS), Diffuse large B-cell lymphoma (DLBCL), Burkitt lymphoma, Adult T-cell lymphoma
(ATLL), Cutaneous T-cell lymphoma, Mantle cell lymphoma (MCL).

Study inclusion criteria

Patients diagnosed with chronic lymphoproliferations who met the following
eligibility criteria were included in the study: at least 18 years old, able to provide informed
consent, no chromosomal abnormalities, no acute or chronic infections, no other associated
cancers or diseases with a poor prognosis (less than 5 years), no autoimmune diseases,
allergies, or mental disorders. In the case of women, an important criterion taken into account

was the absence of pregnancy at the time of inclusion in the study and sample collection.
Study exclusion criteria

Patients who did not meet the inclusion criteria were excluded from the present study.
Thus, out of a total of 164 patients who were initially recruited for the present study, 60 were
excluded due to non-compliance with the inclusion criteria, resulting in the group of 104

participants that we studied..

All patients who participated in the study gave their consent for the use of biological
samples by signing an informed consent form, respecting the ethical principles supported by
the Declaration of Helsinki. The study was also approved by the Bioethics Committee of the

Fundeni Clinical Institute in Romania (no. 41066).
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4.2. Methods

4.2.1. Genomic DNA isolation

In order to analyze HLA genes, in a first step, genomic DNA was extracted from
whole blood using the QIAamp DNA Blood Mini kit. The DNA was isolated from the blood

using special columns with silica membranes.

The extraction process involves mixing a 200 ul volume of whole blood with
protease and lysis solution in order to destroy cell membranes and release DNA from the
nucleus, followed by the immediate passing the lysed blood through a tube with a silica
membrane, a membrane to which the DNA will adhere, based on the charge difference. After
the silica membrane is washed to remove any impurities, the elution solution will be added,

which will cause the DNA to detach from the membrane.

4.2.2. HLA sequencing

For determiningof specific alleles, the genotyping method chosen was next-
generation sequencing using Immucor reagents (Mia Fora NGS Flex, Norcross, United
States) for the construction of the working library together with Illumina kits (San Diego,
United States) for the actual sequencing. The kits help to sequence 11 of the HLA genes,
namely HLA-A, HLA-B, HLA-C, HLA-DPB1, HLA-DPA1, HLA-DQB1, HLA-DQAI,
HLA-DRBI1, HLA-DRB3, HLA-DRB4 and HLA-DRBS. The analysis of these genes was

carried out in full, for each being sequenced all exons as well as all introns.

Although the technique yields a wealth of information, it involves multiple steps.
The first step in constructing a sequencing library is to amplify the DNA by long-range PCR.
After this amplification is complete, the sequencing library can be constructed or the PCR

products can be safely stored for 4 days at -20°C.

The second step involves enzymatic cleavage of the amplification products, followed
by repair of the ends of these fragments, with the assignment of an adenine nucleotide (A)
at the 3' end, a process called A-tailing. After completion of this amplification, the
amplification products cannot be stored, but it is mandatory to purify the amplicons using
magnetic beads. Based on the charge difference, the DNA will bind to the beads. After
removing the supernatant, the beads will be washed with 80% ethanol and then 10 mM Tris-

HCI solution pH8.0 will be added to facilitate the detachment of the DNA from the beads.

11



The purified, fragmented, repaired amplification products, having an adenine at the 3'
end, can proceed directly to the next step, that of ligation of the index adapter. Through this
step, the DNA fragments will be identified according to the sample they come from and
according to the gene they belong to. After the amplification is completed, the purification

of the obtained products will be carried out immediately, also using magnetic beads.

Among the ligated and purified DNA fragments, those with a size between 500 and
900bp (base pairs) must be selected. The selection of fragments of the appropriate size is
performed using the Pippin Prep method. This method is based on electrophoresis performed
using a 1.5% agarose gel cassette). The eluate obtained through Pippin Prep selection
undergoes a final amplification, followed by purification with magnetic beads, and at the
end, the concentration of the working library will be measured using the Qubit fluorometer.
Depending on the displayed concentration, the pre-sequencing library dilution will be
performed. The library will be brought to a concentration of Inm by successive dilutions
after which it will be denatured with NaOH. Subsequently, the concentration will be reduced
to 1.3pm using the special hybridization buffer from the Illumina kit. When the library is
ready for amplification, it can be pipetted into the Illumina cartridge, which will then be

inserted into the MiniSeq sequencer.

4.2.3. Cytomorphological analysis
To perform a complete blood count, using the SYSMEX XN-2000 analyzer, 5 mL of

whole blood was collected from each patient.

4.2.4. Analysis of biochemical markers

For CRP determination, the ABBOTT ALINITY analyzer was used, while for LDH
determination, the SIEMENS ATELLICA CH analyzer was used.

4.2.5. Flow cytometry

For the extensive analysis of the immunological profile of patients with CLL,
immunophenotypic analysis of the differentiation clusters specific to this disease was
performed, including: CD45, CD5, CD20, CD43, CD22, CD19, CD79, CD23, CDS8I,
CD38, CDl1lc, kappa and lambda light chains, FMC7 and CD200.

12



5. Results and Discussions

5.1. HLA gene expression in Romanian patients with Chronic Lymphocytic Leukemia

5.1.1. Results
Of the patients included in the study group, 66 were diagnosed with CLL. Of these,

38 are men and 28 are women. In order to analyze the possible associations between this
pathology and HLA genes, a control group of 100 healthy volunteers was chosen. Since each
person presents two alleles for each of the analyzed HLA genes, a total of 132 alleles were
analyzed among the patients with CLL and 200 alleles for the subjects in the control group.
The demographic data for these patients are mentioned in Table 5.1[46]. For these patients,
11 of the HLA genes were analyzed by next-generation sequencing as mentioned in

Chapter4.

Analysis of HLA allele frequencies (at the 6-digit level) revealed four protective and
two predisposing alleles associated with chronic lymphocytic leukemia (CLL). Despite the
lower representation of HLA class I genes, a strong protective effect was observed for HLA-
A*24:02:01. In addition, the HLA-DQA1%*05:05:01 allele (p = 0.01, OR = 0.56) and the
HLA-DQB1*03:02:01 allele (p = 0.03, OR = 0.4) were also identified as protective. Among
the HLA-DRB3/4/5 genes, HLA-DRB4*01:03:01 (p = 0.03, OR = 0.54) was particularly
prominent, showing low expression in the patient group but was identified in most of the
control volunteers. Last but not least, we were able to highlight the importance of HLA-
DRBI genes in the development of chronic lymphocytic leukemia (CLL), by identifying a
positive association between the HLA-DRB1*04:02:01 allele and CLL (p = 0.009, OR =
1.03). The HLA-DRB3*02:01:01 allele also demonstrated a statistically significant
association with CLL (p = 0.009).

HLA allele frequencies for CLL patients were also analyzed, taking into account
gender. The group of female CLL patients (n=28, 56 alleles) was compared with the group
of female controls (n=45, 90 alleles). In women with CLL, HLA-B*39:01:01 (p=0.019,
OR=1.077) and HLA-DRB3*02:01:01 (p=0.019, OR=1.077) were associated with the
disease, while HLA-A*03:01:01 (p=0.03, OR=0.365), HLA-B*35:01:01 (p=0.021,
OR=0.228) and HLA-DQA1*05:05:01 (p=0.036, OR=0.487) were protective. In men, only
the HLA-DRB1*04:02:01 allele (p = 0.011, OR = 1.070) was significantly associated with
CLL.

13



5.1.2. Discussions

Numerous studies conducted by Romanian research teams have managed to
demonstrate the existence of several associations between HLA genes and certain diseases,
for our population. Thus, to date, the existence of a link between Type 1 Diabetes Mellitus
and HLA-DQBI1 has been established [7]. Also, predisposing alleles that favor the
occurrence of Chronic Renal Failure have been discovered, such as HLA-B*40, HLA-C*12
and HLA-DRB1*14 [47]. In addition to these discoveries, perhaps one of the most important
studies is the one conducted by Maruntelu et al. [48] which speaks of the causal relationship
between the presence of the HLA-DQA1*05:01, HLA-DQB1*02:01 and HLA-

DQB1%*02:02 alleles and the occurrence of celiac disease.

Perhaps the most relevant result of this study concerns the identification of the
predisposing role of the HLA-DRB1*04:02:01 allele (p=0.001, OR of 1.05) in the onset of
the disease.[46]. The result was conclusive for the entire group of patients with CLL, but
also separately for the men in the study group (p=0.011, OR=1.070) [46]. The same
conclusion was reached by the team led by Gragert et al [9] who recorded the involvement
of this allele in the onset of CLL for the Jewish population of the United States of America
but also for the American population. In another study, HLA-DRB1*04:02 is mentioned by

Scally et al. for its strong protective role in theumatoid arthritis [49].

Another positive association we found was between HLA-DRB3*02:01:01 and CLL
(p = 0.009, OR = 1.03). This association was also particularly identified for the group of
women with CLL (p =0.019, OR = 1.077). Several reports focus on the HLA-DRB3 genes
and their involvement and association with different pathologies, although their exact role
has not yet been established. For example, Mueller et al.[50] found a high expression of the
HLA-DRB3*01:01 allele among women with CLL. Furthermore, Le et al. [51] discussed
the involvement of HLA-DRB3*02:02 in the occurrence of PLA2R-associated membranous

nephropathy.

The first protective HLA allele we identified was HLA-A*24:02:01. This finding is
similar to that of the group led by Cuttner et al. [52] who suggested that HLA-A24 alleles
are positively associated with CLL in the Ashkenazi Jewish population. Although their
hypothesis was not statistically supported, our study was able to confirm this premise. A
similar scenario was observed in a subsequent study that observed a higher incidence of

HLA-A24 alleles among CLL patients, but the association was not statistically

14



significant[53]. Several studies have identified HLA-A*01:01 as a strong protective allele
against CLL [54]. In addition, a strong association between the HLA-A*02:01 allele and
CLL has been widely reported [9,55].

Gragert et al. [9] have highlighted the association between the presence of HLA-
DQB1*03:02:01 and an increased risk of developing CLL, an association also reported in
German patients with CLL [56]. Other reports indicate an increased risk of progression from
monoclonal high-number B-cell lymphocytosis to CLL in patients with IGHV and HLA-
DQB1*03 mutations [53]. However, our study showed a high frequency of HLA-
DQB1*03:02:01 in the control group, which leads us to attribute a protective role to this
allele. These findings are supported by the protective role of the same allele in acute

lymphoblastic leukemia [57].

Another link discovered by Machulla et al. [56] is the predisposition to develop CLL
given by the presence of HLA-DRB4*01:03 among CLL patients. This finding is
reconfirmed by the same team, in a subsequent study detailing the link between HLA-
DRB4*01:03 and the disease, regardless of the age and sex of the patients [50]. In addition
to these associations, Zhao et al. mention the positive association between this allele and
diabetes mellitus [58]. Despite these findings, our results indicate a strong protective role
offered by HLA-DRB4*01:03:01 against the occurrence of CLL. Our research also shows
that the presence of this allele is accompanied by the presence of HLA-DQB1%03:02:01, in

a manner similar to that of previous studies.

Another statistically significant association identified by our team was between
HLA-DQA1*05:05:01 and CLL. This result should be analyzed in close connection with
another result of the study, namely, the protective role that this allele has among the female
population. Several studies have stipulated its involvement in the occurrence of certain
pathologies regarding this variant of the HLA-DQA1 gene. A relevant example is the study
conducted by Wang et al.[59] who, investigating the factors influencing the occurrence and
evolution of squamous cell carcinoma of the skin, identified the HLA-DQA1*05:05 allele
as being responsible for the occurrence of the disease. Also, Schwarm et al.[60] observed a
positive association between bullous pemphigoid occurring among the German population
and HLA-DQA1*05:05, and Nowak et al.[61] identified a strong link between the presence

of HLA-DQA1*05 and extensive ulcerative colitis found in children.
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All the results listed above, having statistical significance, were accompanied by a
series of other findings in terms of HLA alleles, which although not exceeding the limit of
statistical significance should be taken into account for studies conducted on larger cohorts.
Among these alleles we mention: HLA -DPA1*02:02:02, HLA-DRB1*11:01:01, HLA-
A*03:02:01 and HLA-DQAT1*01:02:01. Also, another important allele that did not exceed
the limit of statistical significance for the entire group of patients with CLL is HLA-
B*35:01:01 (p=0.057). However, we identified this allele for its protective role among the
female population with CLL. Regarding the HLA-B35 antigen, a study conducted in 1994
first reported the high incidence of this antigen among European Jews and also among
Caucasians with CLL [52]. In our case, the HLA-B allele that has a strong predisposing role
among women is HLA-B%39:01:01. This result is congruent with the discovery of Hojjat-
Farsangi et al. [54] who identified two HLA-B alleles (HLA-B*53:01 and HLA-B*65:01)
with a protective role among men and the HLA-B*35:01 allele with a high incidence in

patients with CLL, regardless of gender.

Approaching the limit of statistical significance, HLA-DRB1*11:01:01 (p = 0.057)
is one of the important results obtained. This result is congruent with the identification of
the link between HLA-DRB1*11:01 and CLL by DiBernardo et al. [55] although, as in our
case, without statistical relevance. The role that HLA-DRB1*11:01 has in the occurrence of
various types of cancer has been mentioned in numerous studies. For example, Aureli et
al.[62] reported that the aforementioned allele is a potential risk factor for breast cancer.
Arons et al.[63] speaks about the importance of HLA-DRB1*11:01 in the occurrence of
hairy cell leukemia. At the same time, Rossman et al.[64] documented an increased incidence
of sarcoidosis in patients with this allele. One of the few studies that speaks of the protective
role of HLA-DRB1*11:01 is the one conducted by Rezaieyazdi et al.[65], who in juvenile
idiopathic arthritis identified this allele in an increased percentage in healthy patients, which

gives it a protective valence.

Subchapter 5.1. represents a translation, adaptation and extension of the results and
discussions previously published by the doctoral student in the article “HLA Gene
Polymorphisms in Romanian Patients with Chronic Lymphocytic Leukemia[46] as a partial

requirement for the fulfillment of the doctoral thesis..
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5.2. The correlation of the expression of differentiation clusters and HLA genes in

Romanian patients with Chronic Lymphocytic Leukemia

5.2.1. Results

For our group of patients with CLL, we wanted to see if the association of HLA genes
could be correlated with other pre-existing markers. Thus, we looked for associations
between HLA genes and CDs commonly tested for these diseases. We also analyzed: PCR
(C-reactive protein), LDH and complete blood count [66].

Knowing that both the blood count and immunophenotyping show specific patterns
in patients with this pathology, we associated these markers and analyzed them
simultaneously. We thus identified that in patients in whom CD38 is positive, the number of
leukocytes generally exceeds 55,000/l (p=0.019, OR=4.1). Also, CD79b is more frequently
positive in patients who have over 27,000/ul of leukocytes (p=0.1965, OR=2.23). Another
important marker is CD81 which, when positive, is associated with increases in leukocytes
up to 18,500/ul (p=0.1144, OR=2.75). Positive CD38 also correlates with lymphocyte values
exceeding 45,000/ul (p=0.0087, OR=7). In a similar manner, the presence of CD22 is most
often accompanied by lymphocyte values above the normal limit but not exceeding 6500/ pul
(p=0.171, OR=4.05). LDH values exceeded 470 U/L for patients with CD23 negative, while
in patients with CD43 strongly positive, LDH levels exceeded 360 U/L (OR=3.48). It was
also observed that CD22 positive patients more frequently presented CRP values > 5 mg/L
(p=0.074, OR=4.643).

These associations are supplemented by the correlation of HLA gene expression with
the immunophenotypic profile. Thus, we observed that 50% of patients with strong CD20
expression also have one of the HLA-DRB1*11:04:01 or HLA-B*49:01:01 alleles present.
On the other hand, HLA DRB1*15:02:01 is associated with a diminished expression of
CD20.

CD79b expression is positively correlated with HLA-DPA1*02:01:02 and HLA-
B*08:01:01, as 57.14% of strongly positive CD79b patients associated at least one of the
two alleles. Among the four alleles that were positively correlated with CD22 expression
(HLA-B*49:01:01, HLA-C*07:01:01, HLA-DPB1*02:01:02 and HLA-DRB1*11:01:01), it
was observed that 85.71% of patients with strong CD22 expression associated at least two

of the four HLA variants.
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Regarding CD81 expression, it was observed that 57.14% of patients with negative
or weak CD81 expression associate at least one of the two alleles (HLA-DPB1*04:02:01
and HLA-DRB4%*01:03:01). In comparison, none of the patients with strong CDSI

expression present these variants of the mentioned HLA genes.

5.2.2. Discussions

One of the markers considered is CD22, which is associated particularly with acute
lymphoblastic leukemia [67] but which is also present in CLL, especially in atypical
forms[68] and in forms with significant involvement of secondary lymphoid tissue, with the
appearance of lymphadenopathy and splenomegaly in patients in whom it is identified[69].
In our group of patients, CD22 was associated with the following alleles HLA-B*49:01:01,
HLA-C*07:01:01, HLA-DPB1*02:01:02 and HLA-DRB1*07: 01:01. These alleles have
previously been found to be involved in the development of various pathologies: HLA-C*07
increases the risk of acute myeloid leukemia[70], HLA-B*49:01:01 has been shown to be
present in individuals with aplastic anemia[71], and HLA-DPB1*02:01 is frequently found

in children with common acute lymphoblastic leukemia[72].

Also known as common lymphocyte antigen, CD45 is one of the distinctive markers
of leukocytes and is specific for multiple myeloma and acute lymphoblastic leukemia [73].
The presence of this marker in chronic lymphoproliferative diseases was to distinguish
between typical and atypical forms of CLL [74,75]. After performing statistical tests, we
concluded that between CD45 and HLA-DQA1*05:01:01, HLA-C*07:01:01 and HLA-
DQA1*01:02:02 we have statistically significant correlations. Studies show that among
these alleles HLA-C*07:01[9] intervenes in the occurrence of CLL, while HLA-
DQA1*01:02:01 was close to the limit of statistical significance [46] also in the case of
patients with CLL.

One of the most important surface markers present on B lymphocytes is CD20 [76],
which is one of the target antigens for which various therapies have been developed [77—
79]. In most cases of CLL, the expression of the CD20 antigen is reduced or absent[80],
according to the literature and reinforced by our observations. CD43 has been associated
with other hematological disorders such as CLL or myeloid lineage pathologies[81—84].
CD43 is one of the markers considered in CLL due to its positivity especially in atypical

forms of this disease [85]. Our observations indicate CD43 positivity in few patients, in
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which, moreover, it was accompanied by the presence of the HLA-DRB1*15:01:01 allele
indicating atypical forms of CLL.

CD23 helps in differentiating SLL/CLL from MALT lymphoma [86,87]. This marker
was statistically significantly associated with the HLA-A*11:01:01 and HLA-B*39:01:01
alleles. Although the majority of our patients showed CD23 expression, the fact that HLA-
B*39:01:01 and HLA-A*11:01:01 alleles were found mainly in patients with reduced CD23
expression in our cohort, despite the high prevalence of CD23, highlights the need for further

studies to better understand the role of these markers in CLL.

Having a structural role at the level of the antigen receptor present on the surface of
B lymphocytes, CD79 is composed of two subunits: CD79a and CD79b[88], of which
CD79b is specific to patients with CLL. We observed an association between the absence of
CD79b expression and the presence of the HLA-A*32:01:01 allele, as well as an association
between CD79b expression and the HLA-DPA1*02:01:02 allele in our patient cohort. The
literature indicates an unfavorable evolution of patients with strongly positive CD79b

[89,90], a conclusion reproducible also for our patients who fulfill this condition.

A useful marker due to its property to distinguish lymphocytic from myeloid
pathology is CDS81 [91,92]. For the group of patients with CLL, we found a statistically
significant association between CD81 and HLA-DRB1*14:01:01, HLA-DQA1*01:04:01,
HLA-DPB1*04:02:01 and HLA-DQB1*05:03:01. Regarding HLA-DRB1*14:01:01, the
literature documents its presence in patients with ALL [93], and HLA-DQB1*05 confers
protection against the occurrence of Hodgkin lymphoma together with HLA-DPB1*04:01
[94,95]. Similar to the results obtained by our team, other studies confirm the presence of
CD38 positivity in aggressive cases of CLL [96,97]. Our results indicate a significantly
higher risk of rapid disease progression in CD38+ patients with a leukocyte count above
55,000/ul (p=0.0193, OR=4.1) and a lymphocyte count above 45,000/ul (p=0.0087, OR=7).

These patients could benefit from earlier initiation of treatment.

Subchapter 5.2. represents a translation, adaptation and extension of the results and
discussions previously published by the doctoral student in the article “Cluster of
Differentiation Markers and Human Leukocyte Antigen Expression in Chronic Lymphocytic
Leukemia Patients: Correlations and Clinical Relevance”[66] as a partial requirement in the

fulfillment of the doctoral thesis.
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5.3. HLA gene expression in Romanian patients with Chronic Lymphoproliferative
Disorders

5.3.1. Results

In addition to studying the association between HLA and CLL, we also wanted to
analyze the potential association between other types of chronic lymphoproliferative
disorders and HLA genes. We therefore considered the following malignancies: DLBCL,
MCL, primary cutaneous T-cell lymphoma, Burkitt lymphoma, PTLCL-NOS, and ATLL
[98]. For the 38 patients diagnosed with other types of chronic lymphoproliferative
disorders, we observed the expression of the 6 most important HLA genes. The data from
these patients were compared with the results of 50 healthy patients out of a total of 100 in
the control group. We considered it necessary to adapt the number of patients in the control
group so that the statistical results would be conclusive. Thus, we analyzed a number of 76

alleles in the patient group and 100 alleles in the control group.

The samples of these patients were genotyped and analyzed by two different
methods. In a first stage, sequencing was performed using the SSP (Sequence-Specific
Primers) method. Reporting was performed at 4 digits and the data were analyzed and
published in the author's article entitled “Immunogenetic Background of Chronic
Lymphoproliferative Disorders in Romanian Patients-Case Control Study”[98]. Later, we
chose to use the NGS technique, and analyze the same data at 6 digits to provide unity to the
results of this doctoral research. After increasing the resolution, we noted that all the
associations reported at 4 digits were also preserved in the case of reporting at 6 digits, but

in addition to these, we also identified new associations.

By evaluating allele frequencies at the four-digit level, we identified six protective
alleles (HLA-A*11:01 - p =0.010, HLA-B*35:02 - p = 0.037, HLA-B*81:01 - p = 0.037,
HLA-C*07:02 - p = 0.036, HLA-DRB1*11:01 - p = 0.021 and HLA-DRB1*13:02 - p =
0.03,) and two predisposing alleles (HLA-C*02:02 - p = 0.002 and HLA-C*12:02 - p =

0.002) for the entire group of patients with chronic lymphoproliferative disorders.

At the same time, we evaluated the HLA alleles for each of the pathologies in the
study group. For the PTLC-NOS population, two important associations were established,
HLA-C*12:02 (p = 0.0001, OR = 1.231) was positively associated with the disease, while
HLA-A* 11:01 (p = 0.009, OR = 0.128) has a protective role. In the case of DLBCL, we
established the protective role of HLA-B*39:01 (p = 0.003, OR = 0.06). For patients with
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Burkitt lymphoma, we discovered the following allele also with a protective role, HLA-
C*06:02 (p =0.047, OR = 0.233). For the rest of the pathologies, no statistically significant

associations were reported.

Following NGS sequencing, in PTLC-NOS patients, the two alleles found in the 4-
digit resolution analysis were identified. These are HLA-A*11:01:01 (p=0.009, OR=0.128)
with a protective role and HLA-C*12:02:01 (p=0.000, OR=1.231) with a predisposing role.
In addition, a new allele was noted for the protection it offers to patients, namely HLA-
DRBI1*11:01:01 (p=0.03, OR=0.160). For patients with DLBCL, the HLA-B*39:01 allele
retained its protective role even after analysis at the 6-digit level, HLA-B*39:01:01 (p=0.03,
OR=0.060). An additional allele with a protective role was also identified, HLA-B*38:01:01
(p=0.03, OR=0.060).

In the case of Burkitt Lymphoma, another allele with statistical significance was
identified in addition to the HLA-C*06:02:01 allele (p=0.047, OR=0.233). This is HLA-
DQAT* 04:01:01 (p=0.023, OR=0.250) with a protective role. ATLL patients were
highlighted for the association of the disease with HLA-A*11:01:01 (p=0.027, OR= 0.08)

which in this case has an important protective role.

Our analysis revealed a significant association between Cutaneous Lymphoma and
the alleles HLA-A*26:01:01 (p=0.043, OR=0.120), HLA-C*07:02:01 (p=0.013, OR=0.133)
HLA-C*15:02:01 (p=0.027, OR=0.080) and HLA-DRB1*16:01:01 (p=0.025, OR=0.187)
suggesting that these alleles offer protection. The genetic profile of MCL patients is
characterized by the predisposition to develop the disease, given by HLA-C*02:02:02
(p=0.003, OR=1.500) but also by the protection conferred by HLA-DPB1*13:01:01
(p=0.008, OR=0.030).

5.3.2. Discussions

Currently, in the specialized literature we find many references to the association
between chronic lymphoproliferative disorders and HLA genes, to our knowledge, no such
studies have been performed for the Romanian population to date [99—-102]. Thus, the basis
of our decision to investigate these associations is the need to establish results for the

autochthonous population.

One of the most promising results is represented by HLA-C*02:02 and HLA-
C*12:02, alleles positively associated with the lymphoproliferative disorders studied by us.
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Of these, HLA-C*12:02 is responsible for the occurrence of PTLC-NOS, while HLA-
C*06:02 has a protective role against the development of Burkitt lymphoma. Not
surprisingly, when typing to 6 digits, by NGS, these results are preserved ( HLA-C*06:02:01
and HLA-C*12:02:01) and moreover, in addition to them, the protective alleles HLA-
C*07:02:01 and HLA-C*15:02:01 for patients with cutaneous lymphoma and the allele
HLA-C*02:02:02 that predisposes to the occurrence of MCL were also identified. The
literature mentions an allele from the HLA-C*12 group involved in the occurrence of
DLBCL in the Caucasian population, belonging to the haplotype HLA-
A*2601~C*1203~B*3801~DRB1*0402~ DQB1*0302 [99].

Other alleles with a protective role for all patients with lymphoproliferations are
HLA-B*35:02 and HLA-B*81:01, to which is added the protective effect of HLA-B*
39:01:01 and HLA-B* 38:01:01 only for patients with DLBCL. This protective role of HLA-
B*35 has been recalled over time by several studies, such as the one developed by Wang et
al. [103] which speaks about the fact that the HLA-B*35:03 allele is associated with a low
risk of developing LMNH. These data are not confirmed, however, by Brazzelli et al. [101]
who associate the presence of HLA-B*35 with mycosis fungoides. Of course, pathologies
have also been identified for which alleles from this group increase the risk of developing
certain pathologies, as is the case of HLA-B*35:01, found predominantly in patients with
chronic lymphocytic leukemia (13). Also for patients with HLA-B*35 present, Benencio et
al. [104], report an increased risk of developing myelopathy/tropical spastic paraparesis for
patients who are also infected with HTLV-1. We have also identified studies that come with
a different opinion from the findings of our team, this is HLA-C*07:02 identified by us for
its protective role, a finding contradicted by the identification of alleles from the HLA-C*07
group for the increased susceptibility of ATLL for the carrier population [104]. Other studies
talk about the protective role offered by HLA-Cw*08, in patients with myelopathy and
positive HTLV-1 (93), and Wang et al. [105] identifies the HLA-C*07:02 allele as being

involved in the progression of multiple myeloma.

An increased expression of HLA-A*11:01 in the control group associated with a
decreased expression of this allele in patients with PTLC-NOS indicated the protective role
of this genetic variant. The association remains valid even at 6-digit resolution (HLA-
A*11:01:01) and following NGS typing other statistically significant results appear. Among
these, we mention the protective role offered by the same HLA-A*11:01:01 allele in patients

with ATLL and the protection given by HLA-A*26:01:01 in people diagnosed with
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cutaneous lymphoma. The serological variant of this allele, HLA-A1l, has also been
reported to be protective, but this time in patients with Hodgkin lymphoma [10,106]. Gavioli
et al. [107] talk about the importance of HLA-A*11 in decreasing the expression of Burkitt
lymphoma. Also, alleles in the HLA-A*11 group are remembered for the protection they
offer to the Korean population against the development of DLBCL [108].

The HLA-DRB1*13:02 (p =0.037, OR = 0.940) and HLA-DRB1*11:01 (p = 0.021,
OR = 0.190) alleles were also identified for their increased expression in the control group,
indicating a protective effect against the development of lymphoproliferations. Following
NGS typing, these alleles are added to the HLA-DRB1*11:01:01 alleles that provide
protection in those diagnosed with PTLC-NOS and HLA-DRB1%*16:01:01, identified for
protection in cutaneous lymphoma. These results are similar to those of Wang et al. [103]
who in the case of follicular lymphoma found protection offered by HLA-DRB1*13 among

carriers.

Last but not least, HLA-DRB1*13 and HLA-DQB1*03 protect against both Hodgkin
and non-Hodgkin lymphoma, according to the study conducted by Galleze et al. [109]
Similar results have been reproduced for hepatitis B viral infection in patients from Iran
[110] for Finnish multiple sclerosis [111] and also in the rheumatoid arthritis population
[112,113]. Another documentation is for HLA-DRB1*04:01 which protects against the
occurrence of DLBCL [103].

Two other alleles identified by NGS sequencing are HLA-DQA1* 04:01:01 with a
protective role in Burkitt lymphoma and HLA-DPB1*13:01:01 which offers protection to
patients with MCL. Even though the aforementioned association between HLA-DPB1 and
MCL is not mentioned in the literature to date, it seems that the HLA-DPB1*13:01:01 allele
has been identified in patients infected with SARS-CoV-2 because it prevents the onset of
severe forms of the disease [114], thus proving its protective role. In the case of the HLA-
DQAT1* 04:01:01 allele, it has been mentioned in the literature for increasing the risk of

Burkitt lymphoma in children [115].

Subchapter 5.3. represents a translation, adaptation and extension of the results and
discussions previously published by the doctoral student in the article “Immunogenetic
Background of Chronic Lymphoproliferative Disorders in Romanian Patients-Case Control

Study” [98] as a partial requirement in the fulfillment of the doctoral thesis.
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6. Conclusions and personal contributions

The present work is among the only ones that analyzes the involvement of HLA
genes in chronic lymphoproliferative diseases, internationally. Also, to our knowledge, no

other similar study has been conducted for the Romanian population to date.

Moreover, to study HLA genes in this group of pathologies, we used the most
advanced sequencing method currently used, namely NGS. Thus, we performed high-
resolution genotyping with reporting of results at the 6-digit level. In this way, we obtained
detailed information about the genes involved both in the process of protection against the
occurrence of one of the chronic lymphoproliferations, and about the genes that increase the

risk of these pathologies.

Moreover, for some of the patients, we performed high-resolution sequencing using
two methods and were able to report the data at 4-digit level and 6-digit level. This gave us
the opportunity to discover three very important aspects: 1) there are differences between
reporting at 4-digit and 6-digit levels; 2) by testing 6 of the HLA genes using both methods,
we 1dentified several statistically significant associations for NGS-typed patients, with
results reported at 6-digit resolution; 3) by genotyping several HLA genes using NGS, we

identified new associations between the disease and previously untested genes.

For patients with CLL, who represented the largest proportion of our group, we tried
to create an immunological profile that would include already known and used markers such
as immunophenotypic markers, leukocyte and lymphocyte values, LDH and CRP values, as
well as potential new disease markers such as HLA alleles. All these data helped us to draw
a broad immunological picture for our patients and we managed to pinpoint the defining
paraclinical features of patients with atypical CLL. This represents a premiere that may open

new horizons towards a different therapeutic approach in the future.

Chronic lymphoproliferative disorders are a heterogeneous group of diseases,
therefore there is a need for a better characterization of this group of pathologies in order to
develop effective therapeutic strategies. The present work represents only a first step in
achieving a complex immunological picture, introducing for the first time the HLA genes as
a disease marker and the HLA-CD association indicating atypical forms of CLL, for a better

characterization of patients with this disease.
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