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1. INTRODUCTION AND BACKGROUND OF THE DISSERTATION
1.1. Diffuse large B-cell lymphoma

Diffuse large B-cell lymphoma NOS (DLBCL) is a neoplasm of large B lymphoid cells
with nuclear size equal to or exceeding normal macrophage nuclei or the size more than
twice size of a normal lymphocyte that has a diffuse growth pattern (1). DLBCL displays
striking heterogeneity at the clinical, genetic, and molecular levels (2). Diffuse large B-
cell lymphoma is the most common lymphoid malignancy in adults. At present time, in
Europe and USA the annual incidence of Non-Hodgkin’s Lymphomas (NHL) is
estimated to be at 15-20 cases/100,000. Based on the data of the International NHL
study group (Non-Hodgkin’s Lymphoma classification Project 1997) and the fourth
edition of the WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues,
DLBCL accounts for approximately 31% of all NHL in Western Countries and 37% of B-
cell tumors worldwide. The median age of DLBCL falls between the sixth and seventh
decade, although other types of aggressive NHL present at a lower median age (3).
This category was included both in the REAL and WHO Classification aiming to
describe all malignant lymphomas characterized by the large size of the neoplastic
cells, B-cell derivation, aggressive clinical presentation, and the need for highly effective
chemotherapy regimens (4). Morphological, biological and clinical studies have
subdivided diffuse large B-cell lymphomas into morphological variants, molecular and
immunophenotypical subgroups and distinct disease entities. However, a large number
of cases remain that may be biologically heterogeneous, but for which there are no
clear and accepted criteria for subdivision. These are classified as DLBCL, not
otherwise specified (NOS) (1).

In further support to the concept that signaling from the tumor microenvironment
contributes to the progression of DLBCL and ultimately patient outcome, a GEP study
with R-CHOP-treated patients demonstrated two “stromal” signatures: “stromal-1" and
“stromal-2”. The stromal-1 signature was associated with increased patient survival and
included expression of genes related to the extracellular matrix and histiocytes, such as
secreted protein, acidic and rich in cysteine (SPARC) and connective tissue growth

factor (CTGF). The stromal-2 signature includes endothelial and angiogenesis-related

1



genes and is targetable with anti-vascular endothelial growth factor (VEGF) based
drugs, platelet derived growth factor receptor (PDGFR), angiopoietin/tyrosine kinase
with immunoglobulin-like and EGF-like domains-2(ANG/TIE2) activity, and inhibitory
effects on the CXCR4-CXCL12 axis (5).

Diffuse Large B-Cell Lymphoma (DLBCL) is a curable lymphoma. Although CHOP
chemotherapy with rituximab remains a standard therapeutic approach for most patients
with DLBCL, we anticipate that novel agents will be included in treatment regimens for
many patients in the near future (6).

On immunohistochemistry DLBCL is positive for CD19, CD20, CD22, CD45, CD79a,
PAX5. Additional useful markers are Bcl-2, p53 and Ki-67 (1, 3).

-

3o -

Figure 1. Histology of Diffuse Large B-cell ymphoma (HE 200X)



1.1.1. International Prognostic Index (IPI)

The International Prognostic Index (IP1) is the widely accepted prognostic factor index
for patients with aggressive lymphomas. It was introduced by Shipp et al., in the 1990s
and was based on an individual case-based prognostic factor analysis of
cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) -like regimens
with overall survival (OS) as end point.

The IPI includes five factors: age (<60 years v >60 years), lactate dehydrogenase (LDH)
value (supper limit of normal [ULN] v >ULN), performance status (Eastern Cooperative
Oncology Group [ECOG] 0,1 v >1), Ann Arbor stage (I/ll v 1lI/IV), and the number of
extranodal sites involved (0,1 v >1). The age-adjusted IPI (aalPl) for younger patients
includes the factors LDH, performance status, and stage. The IPI score separates four
prognostic groups based on the number of factors present: (0, 1: low risk group; 2: low-
intermediate-risk group; 3: high intermediate- risk group; and 4, 5: high-risk group). The
IPI has been widely used and found effective and reproducible when various
conventional, high-dose, and dose-dense regimens were analyzed (7).

R-IPI identifies 3 distinct prognostic groups with significantly different outcomes.
Patients with zero risk factors fall into a “very good” prognostic group with more than a
90% chance of long-term progression-free survival. Patients with 1 or 2 risk factors fall
into a “good” prognostic group with an approximately 80% chance of long-term
progression-free survival. Finally, patients with 3, 4, or 5 risk factors fall into a “poor” risk

group with a long-term chance of cure in the range of 50% (8).

Combination chemotherapy has transformed aggressive non-Hodgkin’'s lymphoma from
a fatal disease into one that is often curable. However, many patients still die of their
disease, underscoring the need for more accurate methods of prospectively identifying

patients with different long-term prognoses (9).

Ziepert et al., strongly recommended staying with the IPI and not changing to other
scoring systems or introducing novel risk factors as long as there is no convincing
evidence that new factors or new scoring systems show distinct advantages over the
well-established IPI (10).



1.2. Follicular lymphoma
Follicular lymphoma (FL) is a neoplasm composed of follicle centre (germinal centre) B-
cells (typically both centrocytes and centroblasts/large transformed cells), which usually
has at least a partially follicular growth pattern (11). FL is a prototype of low grade
lymphoma (12). FL accounts for about 20% of all lymphomas with approximately
30,000 patients newly diagnosed per year, and it affects predominantly adults, with
median age in the 6" decade, male: female ratio is 1:1,7 (11, 12). FL predominantly
involves lymph nodes, but also spleen, bone marrow, peripheral blood and Waldeyer
ring (11). FL is graded according to the proportion of large cells (centroblasts) in ten
neoplastic follicles, expressed per 40x high-power microscopi field (hpf). Grade 1 and
grade 2 (low grade) have a marked predominance of centrocytes (grade 1=0-5
centroblasts/hpf; grade 2 = 6-15 centroblasts/hpf), and grade 3 (high grade) have more
than 15 centroblasts/hpf (11, 12, 13). Grade 1 and 2 were combined in the most recent
iteration of the WHO classification due to poor interobserver reproducibility and the
general consensus that more detailed distinction between FL grade 1 and 2 was

clinically insignificant. FL grade 3 is divided in 3A, which retains centrocytes, and 3B,

which consists of follicles composed of centroblasts (11, 12). The majority of follicular
lymphomas are grade 1-2 (80-90%) (11).

The tumor cells usually express CD19, CD20, CD22, CD79a, Bcl-2, Bcl-6, CD10, and
are negative for CD5 and CD43. Some cases especially grade 3B may lack Bcl-2 (11).



1.2.1. Follicular Lymphoma International Prognostic Index

As a prognostic model for FL, the Follicular Lymphoma International Prognostic Index
(FLIPI) was first developed in a multinational retrospective study. Factors included in
FLIPI are age >60 years, Ann Arbor stage IIl or IV, hemoglobin less than 12 g/dL,
elevated levels of serum lactate dehydrogenase (LDH), and =5 involved nodal sites
(14). The Follicular Lymphoma International Prognostic Index (FLIPI) is the result of a
large international cooperative effort in which clinical data were collected for 4167
patients with FL diagnosed between 1985 and 1992. From this database, a prognostic
index with five adverse factors was derived and validated. The index is able to separate
3 risk groups of approximately equal size with clear differentiation of long-term
prognosis. Prognosis is closely related to the extent of disease at diagnosis. The FLIPI
is strong predictors of outcome (8, 14, 15). FLIPI was developed in the pre-rituximab
era. A newer prognostic model, named FLIPI2, was proposed through the analysis of
prospectively collected data from patients who were treated with rituximab-containing
chemotherapy (16). In the FLIPI2, new parameters were added, including elevated se-
rum B2-microglobulin, largest involved node longer than 6 cm in diameter, and bone
marrow (BM) invasion, hemoglobin, and age (16). Although FLIPI is still widely used, a
recent Italian study reported the validation of FLIPI2 and showed that the prognostic
value of FLIPI2 was slightly better than FLIPI (17, 18).



Follicular Lymphoma International Prognostic Index (FLIPI)

Score
Factor 0 1
Age <60 yr >60 yr
Ann Arbor stage I/ /v
Hemoglobin level =>12g/dI <12g/dI
Number of nodal areas <4 >4
Serum LDH < Normal > Normal
Risk group Number of Adverse Factors
Low-risk 0-1
Intermediate risk 2-3
High risk 4-5

Figure 3. Follicular Lymphoma Prognostic Index (FLIPI). Modified from Ganti AK et al.
(29).

1.3. Angiogenesis

Tumors require nutrients and oxygen to grow. The formation of new tumor-feeding
blood vessels from preexisting vasculature, named angiogenesis, provides these
substrates. This is critical for the development of human tumors and also a prerequisite
for metastasis (20). Angiogenesis means the process of creation or formation of new
blood vessels, a critical natural process that occurs in the body both in health and in
disease, and exerts a crucial role in the development of various tumors (21, 22, 23).
Angiogenesis has been focus of much research. Since 1970s, Folkman hypothesized,
that angiogenesis is required for tumor growth. While, at one time, it was expected that
manipulating angiogenesis might cure or at least control most cancers, nowadays we
realize that there is much to investigate and learn in this field in order to achieve this
goal (24, 25, 26, 27, 28).

In evaluation of angiogenic changes it is very important to understand the
neovascularisation process. This process can be divided in four phases:

- Degradation of extracellular matrix;



- Migration of endothelial cells;

- Cell proliferation, and

- Structural reorganization (26, 29, 30).
Tumor angiogenesis is influenced by a wide variety of regulatory and growth factors.
Proangiogenic factors secreted by tumor cells and/or host factors stimulate endothelial
cells to proliferate and to form new blood vessels that are qualitatively poor and often
leaky (31). Neoplastic growth and progression in solid and hematological malignancies
is associated with the formation of new blood vessels (32, 33, 34, 35, 36, 37, 38, 39).

In recent years, much has been learned about the stimulators and inhibitors of
angiogenesis, and members of the VEGF family have emerged as prime mediators of
this process (40, 41, 42). The VEGF/VEGFR pathway is a key mediator of
angiogenesis and VEGF-A acts as a potent tumor angiogenic factor. VEGF-A stimulates
the growth of new blood vessels, which provide tumors with needed oxygen and
nutrients. Expression of VEGF-A has been shown to be regulated at the transcriptional
and translational levels (43). The original peptide growth factor vascular endothelial
growth factor (VEGF), first described as vascular permeability factor (VPF) and now
denoted VEGF-A, was identified in the 1980s (38).

Vascular endothelial growth factor A (VEGF-A) is one of the most important mediators
of angiogenesis, and VEGF-A expression is stimulated by intratumoral hypoxia, which,
in turn, depends on the proliferative activity of the tumour. VEGF-A binds to its receptors
Flk-1 and Flt-1 with tyrosine kinase activity to induce endothelial cell proliferation (Flk-1)
and further capillary tube formation and monocyte migration (Flt-1) (33). The inducible
enzyme cyclooxygenase 2 (COX2) is an additional important mediator of both
angiogenesis and tumour growth (44), and one of the downstream actions of its

prostaglandin substrates is VEGF-A production and release (45).

The neoangiogenic process in cancer is critically influenced by the local tumor

microenvironment (46, 22).



T TR IS EED IS
* VEGFR1BMC
@ VEGFR2 BMC

.
Endothelial .. \
cells ®
/
/4 '\
S .
=P V. . .
VEGF-A
bFGF, PIGF
VEGF-C, etc.
> © -*Ty/
Lymphoma Stromal cells

Figure 4. Overview of the lymphoma vascular microangiogenesis. Tumor cells produce
VEGF-A and other angiogenic factors such as bFGF, PIGF and VEGF-C which promote
neoangiogenesis via at least two mechanisms: sprouting angiogenesis of mature
resident endothelial cells and vasculogenesis from recruitment of bone marrow-derived
progenitor cells. (B) VEGF-A also supports the survival, proliferation and migration of
lymphoma cells which express VEGFR1 and VEGFR2 in an autocrine fashion. (C)
Malignant stroma, composed of fibroblasts, inflammatory and immune cells, provides
additional angiogenic factors. Tumor-associated fibroblasts produce chemokines such
as SDF-1, which recruits bone marrow-derived angiogenic cells. Tumor-associated
macrophages produce VEGF-A, VEGF-C, and MMP-9, among others, to support
endothelial proliferation. Tumor cells may also release stromal cell-recruitment factors,
such as PDGF-A. Modified from Ruan J et al., (22).

The importance of angiogenesis and VEGF in solid tumors is well known. It has been
shown that VEGF has a prognostic significance in many types of solid tumors. In some
solid tumors, it has been shown that angiogenic activity correlates with metastatic

potential and with unfavourable prognosis, for example in non-small-cell lung cancer



(47), in invasive prostate cancer (48), gastric carcinoma (49), breast cancer (50, 51, 52),
etc. Surprisingly, very few studies have addressed the role of angiogenesis in the
growth of human lymphomas, although several reports have implicated up-regulation of
VEGF and VEGF receptors (VEGFR) in mediating lymphomagenesis (53, 54). Vascular
endothelial growth factor-A mediated signaling has at least two potential roles in diffuse
large B cell lymphoma: potentiation of angiogenesis, and potentiation of lymphoma cell
proliferation and/or survival induced by autocrine vascular endothelial growth factor

receptor-mediated signaling (55).

Vascular endothelial growth factor-A (VEGF-A)-mediated angiogenesis has received
considerable attention in the context of solid neoplasia, particularly with the clinical use
of anti-VEGF-A antibodies and small molecule VEGF receptor (VEGFR) inhibitors. More
recently the concept of tumor vascularity has been applied to hematolymphoid
neoplasia, with studies quantitating micro-vessel density in a variety of lymphomas (37,
55). In addition to its role in tumor angiogenesis, however, VEGF-A has an additional
potential role in the context of hematolymphoid malignancies: that of an autocrine
growth factor, acting on lymphoma cells directly through VEGF receptors (38).

Given the rapidly increasing availability of a variety of pharmaceuticals targeted at the
VEGF-A pathway, the role of angiogenesis and VEGF-A signaling in diffuse large B-cell

lymphoma is of significant interest (55).

In non-Hodgkin’s lymphomas, expression of angiogenic factors in cell lines (35) and
neoplastic tissue (54, 56, 57) has been demonstrated. Although these studies suggest a
role for angiogenesis in lymphomas several questions remain unanswered. First, it is
not clear whether high microvessel density (MVD) is associated with more aggressive
lymphomas. A group of authors (57, 58) reported that MVD is higher in lymphomas than
in reactive lymph nodes as well as in aggressive than in indolent lymphomas. However,
others have found MVD in reactive lymph nodes to be higher (59) or comparable (60) to
that observed in lymphomas, including large cell lymphomas (61).

Several studies have shown that serum angiogenic factor elevations (e.g., VEGF-A,

endostatin), VEGF-A expression and increased microvessel density (MVD) are
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predictive of poor prognosis and associated with higher tumour grade or high-grade
transformation in non-Hodgkin’s lymphomas. Other groups published different results
(32, 62).

Although the related angiogenic factors are intensively investigated in various tumors,
determination of microvessel density (MVD), a measure of the degree of angiogenesis,
is one of the most frequently used parameters for quantifying angiogenesis in cancers
(63).

In 1991, Weidner et al., (64) first reported a prognostic significance of tumor
angiogenesis in patients with breast cancer.

Microvessel density (MVD) is a surrogate marker which particularly reflects tumor
angiogenesis and has been examined as a potential prognostic marker in numerous
tumors (65). Recent studies have shown enhanced angiogenesis in lymphomas, both
Hodgkin’s and non-Hodgkin’s (66). The results in NHLs have been conflicting in that few
studies have demonstrated higher MVD in aggressive subtypes of NHL (57, 67), while
others have shown higher MVD in indolent lymphomas (68). Some authors have also
explored association of MVD with angiogenic factors and receptor expression (69). In
some studies, high MVD, as a variable of increased tumor vascularization, was
associated with a significantly more favorable outcome in terms of both progression-free
and overall survival (70).

Evaluation of angiogenesis can be made by several methods, including determination of
microvessel density (MVD), microvessel area, angiogenic molecular quantification
within tumor, presence of angiogenic receptors within the tumor, measurement of
angiogenic factors in the serum or urine of patients with cancer (51, 21, 63). Tumor
neovascularization was quantified by immunohistochemistry using endothelial markers
to stain microvessels, which are not seen in a conventional histologic examination. After
immunostaining, the entire tumor section was scanned at low power (x40) to identify
“hot spots”, which are the areas of highest neovascularization. Individual microvessels
were then counted under high power (x200) to obtain a vessel count in a defined area,
and the average vessel count in 5 “hot spots” was taken as the microvessel density
(MVD). Endothelial markers commonly used for assessing MVD include CD31, CD34
and von Willebrand factor (VWF) (34).

10



The positive association between MVD and patient outcome is in the contrast with the
notion that, in hematologic malignancies as well as in solid tumors, an increase of
angiogenesis-associated variables is related to adverse prognosis (71, 34). A report on
ovarian cancer in which high intratumoral MVD is an independent predictor of complete
response to paclitaxel/platinum — based chemotherapy is associated with improved
progression-free survival and overall survival (72). However, this has not been
confirmed by several other studies (73, 74, 75). In bladder carcinoma, a positive
relationship between MVD and prognosis has been described as well, but here
increased tumor vascularity was associated with inflammation in the tumor and was not

an independent predictor of outcome (76).

1.4. Hypoxia
Hypoxia is a condition that happens when body or an organ is deprived of adequate
oxygen supply at the tissue level. Tissue hypoxia results from the inadequate supply of
oxygen (O2) that compromises biologic functions. Hypoxia can be caused by a number
of factors, such as:

- Low O2 partial pressure (O2) tension) in arterial blood due to, e.g., pulmonary
disease or high altitude (hypoxemic hypoxia);

- Reduced ability of blood to carry Oz as a result of anemia, methemoglobin
formation, or carbon monoxide poisoning (anemic hypoxia);

- Reduced tissue perfusion, generalized or local (circulatory or ischemic hypoxia);

- Deterioration of the diffusion geometry, e.g., increased diffusion distances,
concurrent versus countercurrent blood flow within microvessels (diffusional
hypoxia); or

- Inability of cells to use Oz because of intoxication, as in cyanide poisoning
(histotoxic or cytotoxic hypoxia) (77).

Cells exposed to hypoxic conditions respond by reducing their overall protein synthesis
by approximately 50% (78). Abundant evidence suggests that hypoxia can slow down or
even completely inhibit (tumor) cell proliferation in vitro (77, 79).

Human solid tumors are invariably less well-oxygenated than the normal tissues from

which they arose. This so-called tumor hypoxia leads to resistance to radiotherapy and
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anticancer chemotherapy as well as predisposing for increased tumor metastases (80).
Tumor microenvironment is a complex and highly dynamic environment, providing very
important clues to tumor development and progression (81, 82, 83).

Direct evidence of hypoxia in human cancers has been shown most convincingly by the
pioneering work of Vaupel et al., who studied the tumor oxygen supply using oxygen
electrodes (77, 84). They showed that low oxygen tension in tumors was associated
with increased metastasis and poor survival in patients suffering from squamous tumors
of the head and neck, cervical or breast cancers (84). Severely hypoxic regions in
tumors result from a combination of rapid cell division and aberrant angiogenesis (86).
Hypoxia has negative implications for clinical outcome. This is probably based on two
different principles: hypoxic cells are more resistant to radiotherapy and chemotherapy,

and they give rise to genetic instability and more aggressive phenotypes (87).

Severe hypoxia in the presence of energy stimulates cells to apoptosis, while levels of
oxygen above 0.5% prevent cell death (88). Thus, a tight regulation of cellular response
in such a microenvironment is indispensable. Some cells can adapt to this change of
microenvironment, avoiding necrosis and apoptosis, and survive. These cells resistant
to hypoxia are believed to have more aggressive phenotypes (85). During the process
of hypoxia-driven malignant progression, tumors may develop an increased potential for
local invasive growth (89, 90), perifocal tumor cell spreading (84, 91), and regional and
distant tumor cell metastasis (92, 93). Likewise, an intrinsic resistance to radiation and

other cancer treatments may be enhanced, resulting in poor prognosis.

Hence, hypoxia is attracting particular attention in the field of tumor immune biology
since hypoxic stress impacts angiogenesis, tumor progression and immune tolerance.
Modulating the stromal hypoxia may in fact constitute a very potent strategy for targeted

therapeutic approaches (82).

The key of regulation to hypoxia response is Hypoxia inducible factor 1a (HIF-1a). HIF-
1a can induce apoptosis (94), prevent cell death or stimulate cell proliferation (95). HIF-
1a is involved in embryonic development (96), tumor growth, metastasis (97), and
apoptosis (98).

12
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Figure 5. Hypoxia as a driving force of tumor progression and metastasis.
Notes: Hypoxia stimulates tumor i) vasculogenesis through endothelial progenitor cells’
mobilization from the bone marrow to the tumor site by VEGF, VEGF-R2, fibroblast
growth factor (FGF), platelet-derived growth factor (PDGF) and stromal-derived growth
factor-1 (SDF-1) and ii) angiogenesis by sprouting of the pre-existing vessels caused by
increased production of VEGF, VEGF-R1, VEGF-R2, Ang-1, Ang-2, and MMPs. New
blood vessels facilitate cancer cells leaving the primary tumor site, which is enhanced
by increased expression of lysyl oxidase (LOX), carbonic anhydrase IX (CAIX), MMPs,
integrins, and CXCR4. Hypoxic cancer cells also undergo epithelial-to-mesenchymal
transition (EMT) acquiring plastic and mobile phenotype by increasing transcription
factors such as Slug, Snail, and Twist and decreasing expression of adhesion
molecules such as B-catenin and E-cadherin (E-cad). Chemo- and radio-resistance of
patients is caused by EMT-related stemness of cancer cells and hypoxia-induced cell
cycle arrest in G1 phase. Hindered drug diffusion due to anomalous vascularity is

another mechanism of chemoresistance. Modified from Muz B et al (99).
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1.4.1 Hypoxia inducible factor 1a (HIF-1a)
Hypoxia-inducible factor-1 (HIF-1) is a major regulator of cell adaptation to hypoxic
stress and plays a critical role in tumorigenesis and angiogenesis (100). HIF-1 is a
heterodimer composed of two subunits: HIF-1a and HIF-1B3. Hypoxia-inducible factor a
(HIF-1a) is one of the most important transcription factors and a regulator of gene
products during hypoxia (101) and represents the oxygen-regulated subunit that
determines HIF-1 activity. Under hypoxic conditions, HIF-1 transcriptional activity
increases rapidly due to HIF-1a protein over-expression (102). Reduced oxygen
diffusion within growing tumors activates angiogenesis. Hypoxia triggers the angiogenic
program in a tumor microenvironment to nurture new blood vessels, which transport
oxygen and dispose waste. This mechanism is transcriptionally mediated by the
hypoxia-inducible factors (HIFs), HIF-1 and HIF-2. As the master regulator of vascular
endothelial growth factor A (VEGF-A) during hypoxia, HIF-1 a is well studied (103).
HIF-1 promotes cancer cell growth and survival and HIF gene products protect cancer
cells from chemotherapeutic agents. Constitutive expression of HIF-1a has been
reported in several solid tumors (104) as well as in hematologic malignancies (105,
106), and elevated HIF levels have been linked to poor prognosis (104, 107).
HIF activity is controlled primarily through the stabilization of HIF1a and HIF2a protein
subunits, which increases as cells become more hypoxic. HIFa subunits are modified by
hydroxylation of two proline residues by HIF-specific prolyl-hydroxylases (PDHSs) in the
presence of oxygen, which leads to normoxic proteasomal degradation that is in part
mediated by the von Hippel-Lindau (VHL) tumor suppressor protein (108, 109).
HIF-1a has been implicated in cancer progression and its expression correlates with
tumor vascularity and aggressive behavior in a broad array of solid and hematological
malignancies, i.e. acute leukemia, multiple myeloma, and Hodgkin lymphoma. The
status of HIF-1a expression and its functional significance has not been well established
in NHL, although the involvement of HIF appears to depend on the lymphoma histotype
as well as on its specific treatment (110). Around half of follicular lymphoma (FL)
patients express HIF-1a at diagnosis with a trend of worse outcome in patients with a
high positive score for both HIF-1a and the HIF-2a (also termed EPAS1) protein (105).
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As for MVD, no information is available on HIF-1a expression at the time of
relapse/progression in NHL.

The HIF pathway regulates a host of pro-angiogenic genes (Table 1), including vascular
endothelial growth factor (VEGF), angiopoietin-1, angiopoietin-2, Tie2, platelet-derived
growth  factor (PDGF), basic  fibroblast growth factor (0FGF), and monocyte
chemoattractant protein—1 (MCP-1) (111).

Most common pro-angiogenic factors are: VEGF, Flt-1 (VEGF-R1), Kdr (VEGF-R2),
ADM, FGF, PLGF, PDGF-B, SCF, osteopontin, PAI-1, MMP, TIMP, NOS, COX-2,
endoglin, a1B-adrenergic receptor, endothelin-1, semphorin 4D, integrins, leptin,
endostatin, adenosin A2A receptor, oxygen-regulated protein-150, SDF-1, interleukins
(-1, IL-2, IL-4, IL-6, IL-8, IL-10), and anti-angiogenic factors are: DLL 1-4,
thrombospondin, carbonic anhydrase-9 (CA-), regulated of G-protein signaling 5,
angiostatin, endostatin, canstatin and interferons (IFN-a, IFN-B, IFN-y) (110).

Hypoxia is the principal regulator of VEGF expression, as it is a direct transcriptional
target of both HIF-1a and HIF-2a (112).

1.5. Link between hypoxia and the regulation of angiogenesis

Maintenance of oxygen homeostasis is critical for the survival of multicellular organs. As
a result, both invertebrates and vertebrates have developed highly specialized
mechanisms to sense changes in oxygen levels and to mount adequate cellular and
systemic responses to these changes. Angiogenesis is essential for normal
development and neoplastic disease as tumors must develop mechanisms to stimulate
vascularization to meet increasing metabolic demands. The link between hypoxia and
the regulation of angiogenesis is an area of intense research and the molecular details
of this connection are still being elaborated (103).

The pathological events, then lead to the restoration of oxygen homeostasis by the
activation of repair mechanisms such as angiogenesis, which is the process of
developing new microvessels from pre-existing ones. While post-ischemic tissue
revascularization is crucial in neuronal tissues following stroke or in the heart following

myocardial infarction, the activation of angiogenesis is harmful in disorders such as
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macular degeneration and glaucoma, and in many types of cancer. Therefore, there is
great interest in using angiogenesis regulation as a possible therapeutic method (113).
The key regulator of hypoxia-induced angiogenesis is the transcription factor hypoxia
inducible factor (HIF)-1. Multiple HIF-1 target genes have been shown to modulate
angiogenesis by promoting the mitogenic and migratory activities of endothelial cells
(114). The key regulator of hypoxia-induced angiogenesis is the transcription factor
hypoxia inducible factor (HIF)-1. Multiple HIF-1 target genes have been shown to
modulate angiogenesis by promoting the mitogenic and migratory activities of
endothelial cells (115).

Due to the diversified character of tumors including hypoxic and inflammatory
phenotype, signaling pathways are activated simultaneously and they frequently share a
number of target genes. HIF-1a and NFkB together regulate over 1,000 genes, and thus
control malignant and metastatic phenotype of cancer cells since they both: i) enhance
cell survival via a number of growth factors and inhibition of pro-apoptotic pathways, ii)
contribute to tumor neovascularization via VEGF, VEGF receptors, COX-2, iINOS, iii)
regulate cell detachment via downregulation of adhesion molecules such as cadherins,

and iv) induce cell migration and invasion through matrix degrading enzymes (99).
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2. HYPOTHESIS
The general hypothesis of the study is that DLBCL is characterized by higher

expression of VEGF-A, HIF-1a and higher MVD than low grade follicular lymphoma

which would support their role in the development of more aggressive lymphoma types.
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3. AIMS
General aim of the study is to evaluate the link between hypoxia and the regulation of

angiogenesis in diffuse large B-cell ymphoma and low grade follicular lymphoma.

Specific aims are:

1. Determine VEGF-A and HIF1a expression and MVD in diffuse large B-cell lymphoma
(DLBCL)

2. Determine VEGF-A and HIF1a expression and MVD in low grade follicular lymphoma

3. Determine VEGF-A and HIF1a expression and MVD in lymph nodes with follicular
hyperplasia

4. Test possible differences in VEGF-A and HIF1a expression and MVD with patients in

described groups

5. Examine possible differences of International Prognostic Index (IPl) in patients with
DLBCL and Follicular Lymphoma International Prognostic Index (FLIPI) in patients with

low grade Follicular lymphoma with VEGF-A and HIF-1a expression and MVD.
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4. MATERIAL AND METHODS
4.1 Patients

The study was prospective and retrospective. Eighty cases (30 DLBCL, 30 FL and 20
FH), diagnosed at the Institutes of Pathology, Faculty of Medicine, University of Pristina,
Republic of Kosovo and Faculty of Medicine, Cyril & Methodius University, Skopje,
Republic of Macedonia, have been used. No prior therapy had been administered to the

study subjects. Reactive lymph node were used as control.
4.2 Immunohistochemical analysis

The histological and immunophenotypical classification was carried out according to the
WHO 2008 classification.

Histological specimens, obtained by biopsy, were lymph nodes fixed in 10% neutral
buffered formalin (NBF) and embedded in paraffin. Histological sections, i.e., 4um thick
sections were immunohistochemically stained using standard immunoperoxidase
techniques. Slides were deparaffinized and rehydrated through a graded ethanol series.
Antigen retrieval was carried out by placing the slides in 10 mM sodium citrate buffer
(pH 6.0) and boiled 30 min (VEGF-A) or 45 min (CD31 and HIF-1a) on a hot plate, and
subsequently allowed to cool for 20 min. Endogenous peroxidase activity was blocked
by incubating the sections for 10 min in 3% hydrogen peroxide. The sections were
subsequently washed in PBS three times for 5 min. The sections were then incubated
overnight at 4°C with primary antibodies, washed with PBS and then incubated with
biotinylated secondary antibodies for 60 min, and 3-amino-9-ethylcarbazole substrate-
chromogen (LSAB2 System-HRP; DakoCytomation) for 15 min in the dark for VEGF-A
and HIF-1a, and 3,39-diaminobenzidine tetrahydrochloride (DAB, Dako Denmark) for 10
min for CD31. Subsequently, slides were counterstained with haematoxylin. Positive
and negative controls were included in each staining run. The rabbit polyclonal antibody
anti-VEGF-A (A-20, 1:150 dilution; Santa Cruz Biotechnology Inc) was used for
recognizing the N-terminus of VEGF-A of human origin. HIF-1a staining were performed
with a rabbit polyclonal antibody (clone H206, dilution 1:25: Santa Biotethnology Inc.,
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Santa Cruz, CA, USA). Anti-CD31, a mouse monoclonal antibody (Clone JC70A, RTU,;
DAKO, Denmark), was used for microvessel staining.

VEGF-A protein expression was analyzed in the cytoplasm of tumor cells, and the
immunohistochemical score (IHS) was calculated by combining the quantity score
(percentage of positive stained cells) with the staining intensity score. The quantity

score was ranked from O to 4:

0= no immunoreactivity.

1= <25% cells stained.

2= 26-50% cells stained.

3 =51-75% cells stained.

4=>76% cells stained.

The staining intensity was score-ranked as follows:
0 (negative),

1 (weak positivity, seen at 400x magnification),
2 (moderate, seen at 100x magnification), and
3 (strong, seen at 40x magnification).

HIS, used to correlate VEGF-A expression with prognostic indices (IPI for DLBCL, and
FLIPI for FL) was defined as follows: 0 = no immunoreactivity; 1 (low positivity) 1-50%
stained and seen at 400x; 2 (moderate positivity) 1-50% cells stained and seen at 40x
or >50% of cells stained and seen at 400x; and 3 (high positivity) 51-100% cells stained

and seen at 40x.

The nuclear positivity of HIF-1a was analyzed in the nucleus of tumor cells, and the IHS
score was calculated by combining the quantity score (percentage of positive stained
cells) and the staining intensity score as for VEGF-A.
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Angiogenesis assessment was carried out by microvessel count. Immunostained tumor
sections were scanned at 20x magnification in order to identify the areas with highest
vascular density — so called “hot-spots”. MVD was measured in five fields with a higher
density of CD31-positive cells and cell clusters at 200x magnification. The mean value
of microvessels density in five examined hot spots per section was then calculated and
the MVD median value was used to classify the cases as “high” and “low” MVD. If the
mean value was < 10, the case was considered as “low” MVD, while if it was > 10 it was
considered as “high” MVD.

The International Prognostic Index (IPI) score for DLBCL was determined as follows.
One point was awarded for each of these characteristics:

1) Age older than 60,

2) Elevated serum LDH,

3) Poor general health status (ECOG performance status score of 2 or greater),

4) Stage Il or IV disease, and

5) More than one involved extranodal disease site.

This results in a total score ranging from zero to five. Risk groups are defined as
follows:

Low risk (0-1 points)

Low-intermediate risk (2 points)

High-intermediate risk (3 points)

High risk (4-5 points)

Five factors taken into account for computing FLIPI were:
1) Age older than 60,

2) Disease stage Il or IV,
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3) Five or more tumors nodes detected, or more than four lymph node groups involved,
4) Serum hemoglobin less than 12 g/dlI,
5) Elevated serum LDH.

One point was awarded for each of these characteristics. Risk groups were defined as

follows:
Low risk (0-1 points)
Intermediate risk (2 points)

High risk (3-5 points).
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4.3 Statistical analysis

Statistical analysis was carried out using IBM SPSS Statistics, Version 22, 32-bit
Edition, 14-day trial (statistical Package for the Social Sciences, International Business
Machines Corp., 1 New Orchard Road, Armonk, New York, United States).

The x? test was used to test for statistical differences or dependency among all
categorical variables measured in the study. All test were performed at significance

level of p-value less than 0.05.
An informed consent was obtained from all individuals participating in the study.

This study had been approved by the Ethics Committee of the University Clinical Centre

of Kosova, Pristina.
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5. RESULTS
5.1. General characteristics
This study included 80 patients, 30 with DBCL, 30 with FL grade 1 and 2, and 20 cases

with follicular hyperplasia as a control group.

In 42 patients the diagnosed was made at the Institute of Pathology in Pristina, whereas
in 38 it was made at the Institute of Pathology in Skopje. Out of these, 41 were male (16
DLBCL, 16 FL and 9 FH) and 39 females (14 