The Evaluation of Oxidative Stress and High-Density Lipoprotein
Cholesterol Levels in Diffuse Large B-Cell Lymphoma
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Diffuse large B-cell lymphoma (DLBCL) is the most common aggressive B-cell non-Hodgkin’s lymphoma.
Oxidative stress, defined as an imbalance between the levels of pro-oxidants and the antioxidant defense,
is involved in lymphomagenesis via chronic inflammation and is associated with a decrease in circulating
levels of high-density lipoprotein (HDL) cholesterol. We evaluated oxidative stress levels in DLBCL patients
by FORT (Free Oxygen Radlicals Testing) and FORD assays (Free Oxygen Radical Defense), and investigated
the relationship between oxidative stress markers and HDL-cholesterol levels. Our results suggest that
oxidative stress and decreased levels of HDL-cholesterol might play a role in DLBCL pathogenesis via

chronic inflammation.
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Diffuse large B-cell lymphoma (DLBCL) is the most
common aggressive B-cell non-Hodgkin’s lymphoma
(NHL). It is characterized by a marked morphological,
phenotypical, clinical and outcome heterogeneity [1-2].
The most important genetic alterations in DLBCL include
translocations of BCL6, BCL2 and MYC, inactivation of the
tumor suppressor TP53, and aberrant somatic
hypermutations involving proto-oncogenes such as PIM1,
MYC and PAX5 [3]. Since DLBCL can develop from B-cells
in different stages of differentiation, gene expression
profiling studies have identified three molecular DLBCL
subtypes: germinal center B-cell like (GCB-DLBCL),
activated B-cell like (ABC-DLBCL) and unclassified B-cell
lymphoma [4-5]. Malignant transformation follows a
different pathway depending on the DLBCL subtype.

GBC-DLBCL is characterized by the t(14;18) trans-
location, which deregulates the expression of BCL2, an
inhibitor of apoptosis [6]. Also, mutations in the histone
methyltransferase EZH2, mutations and/or deletions
inactivating the acetyltransferase CREBBP genes and less
frequently EP300, and somatic mutations affecting
negative autoregulatory elements in the BCL6 promoter,
with negative regulation of the DNA damage response, B-
cell activation and differentiation, and p53 function, may
also be found in GBC-DLBCL [1, 4]. This subtype is also
associated with miR-17-92 overexpression, a gene that
cooperates with MYC to induce proliferation and growth of
malignant cells by suppressing PTEN [7-8].

ABC-DLBCL is characterized by: amplifications of the
BCL2 locus on 18g24 (leading to altered apoptosis),
mutations in CARD11, CD79B, MYD88, TNFAIP3/A20
(leading to constitutive activation of NF-kB signaling
pathway which promotes cell proliferation, differentiation
and suppresses apoptosis), BCR (CD79A/B) and JAK/STAT
(MYDB88) signaling pathways, inactivating mutations and
deletions of PRDM1 (causing an altered regulation of
terminal B-cell differentiation), deletion or lack of
expression of the CDKN2A tumor suppressor gene, and
chromosomal translocations deregulating the BCL6
oncogene [1, 3-4, 9-14] .

Even with gene expression profiling, many DLBCL cases
remain unclassified. In unclassified DLBCL, NOTCH2 and
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SPEN mutations and BCL6 fusions significantly co-occur
[5]. The revised classification of DLBCL from 2016
recognized two types of DLBCL: GCB and ABC (or non-
GCB). Somatic mutations common in both DLBCL subtypes
are: inactivating mutations of TP53 and genes involved in
immunosurveillance (B2M, CD58), alterations in epigenetic
regulators (CREBBP/EP300, KMT2D/C [MLL2/3], MEF2B),
and oncogenic activation of BCL6. GCB-DLBCL cases carry
frequent alterations in the histone methyltransferase EZH2,
BCL2 translocations, and mutations in the cell motility
regulator GNA13, whereas ABC-DLBCL cases exhibit
mutations in genes activating the B-cell/Toll-like receptors
and NF-kB pathways [15-19].

Oxidative stress, defined as an imbalance between the
levels of pro-oxidants and the antioxidant defenses of the
body, is involved in lymphomagenesis via chronic
inflammation. Reactive oxygen species (ROS) propagate
pro-inflammatory cytokines, including interleukin-1, which
stimulates B-cells to produce antibodies that initiate
signaling for B-cell activation and induce oxidative damage
to the DNA [20-21]. Antioxidant enzymes, including
superoxide dismutase, glutathione peroxidase and
catalase, ensure protection against the harmful effects of
ROS. Genetic variations in the genes coding for these
enzymes (SOD2, GPX1, and CAT, respectively) alter ROS
production and may be involved in a mechanism which
could explain the relationship between inflammation and
NHL [21-22]. Patients with inflammatory diseases and NHL
exhibit an abnormal lipid metabolism, characterized by
decreased values of high-density lipoprotein (HDL) -
circulating cholesterol - and elevated values of triglycerides
(TG) and elevated very low density lipoproteins (VLDL)
[23]. A decrease in the circulating HDL-cholesterol may
occur during lymphomagenesis, reflecting an underlying
etiology such as inflammation. Spiegel et al. investigated
plasma lipids and lipoproteins in patients with acute
leukemia and NHL and reported low levels of HDL-
cholesterol and elevated TG and VLDL values. The
abnormal lipid profile was directly related to the underlying
tumor burden and particularly to the presence of bone
marrow involvement [23].
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Thus, we evaluated the level of oxidative stress and HDL-
cholesterol in DLBCL patients, seeking to find a relationship
between oxidative stress markers, the total antioxidant
capacity and HDL-cholesterol values.

Experimental part

We enrolled 32 DLBCL patients, hospitalized in the
Hematology Clinic of Craiova (Romania) stratified by age,
sex and rural/urban area of residence. Informed consent
was obtained from all patients prior to enrollment, in
accordance with the ethical code. Positive DLBCL diagnosis
was based on lymph node biopsy with histopathological
and immunohistochemical examinations. Staging was
performed according to the Ann-Arbor staging
classification. Patients were subjected to the following lab
tests and imaging techniques: complete blood count,
serum chemistry profile, serum immunoglobulins, lactate
dehydrogenase, HDL-cholesterol, abdominal ultrasound or
computed tomography of the chest and abdomen,
electrocardiography and echocardiography. Standard
treatment consisted of 6-8 cycles of CHOP (Cyclo-
phosphamide + Anthracycline + Vincristine + Prednisone)
or R-CHOP (Rituximab + CHOP).

Oxidative stress levels were evaluated at DLBCL
diagnosis and at the end of therapy using a CR3000 analyzer
(Callegari SpA) from a single drop of capillary blood by
methods previously described [24]. Free oxygen radicals
were measured by the Free Oxygen Radical Testing (FORT)
assay. Normal FORT ranges are considered less or equal
to 2.3 mmol/L H,0, Antioxidant status was evaluated by
the Free Oxygen Radical Defense (FORD) test. Normal
FORD ranges are 1.07 - 1.53 mmol/L. Data was analyzed
and a p-value < 0.01 was considered statistically
significant.

Results and discussions

The study group had a median age of 52 years and
consisted in 20 men (62.5%) and 12 women (37.5%),
revealing a male predominance. Most patients (75%) lived
in urban areas and only 25% in rural areas. DLBCL
developed de novo in 30 cases (93.75%), the
histopathological exam revealing proliferation of large cells
(the nucleus was double in size compared to the size of
the nucleus of a normal lymphocyte), prominent nucleoli,
basophilic cytoplasm, and B-cell phenotype as
immunohistochemistry showed CD20 expression in all
cases of DLBCL. In 2 cases (6.25%), DLBCL developed by
transformation of follicular lymphoma. DLBCL patients
were staged as IIB in five cases (15.63%), IIIB in 19 cases
(59.37%) and IVB in eight cases (25%). The evolution was
favorable with complete remission in 24 cases (75%), six
patients (18.75%) had partial remission after conventional
treatment, and two patients (6.25%) had refractory disease.

DLBCL patients registered a high mean value of FORT
before treatment (3.1 mmol/L) which significantly
decreased after specific treatment (1.8 mmol/L, p <0.001).
The mean FORD value was low at diagnosis (0.6 mmol/L)
and notably increased after specific treatment and a
favorable evolution of the disease (1.3 mmol/L, p<0.001).

With respect to DLBCL stage, mean FORT values before
treatment were: 2.48 mmol/L for stage 1B, 3.07 mmol/L
for stage 11IB, and 3.63mmol/L for stage IVB. After
treatment, mean FORT value decreased to 1.14 mmol/L in
stage 1B cases, to 1.66 mmol/L in stage IlIB cases, and to
2.38 mmol/L in stage IVB cases. Mean FORD values before
treatment were: stage 1IB = 1.01 mmol/L, stage IlIB =
0.64 mmol/L, and stage IVB = 0.29 mmol/L. After
treatment, mean FORD values increased to 1.49 mmol/L
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in stage I1B cases, to 1.38 mmol/L in stage IlIB cases, and
to 0.99 mmol/L in stage IVB cases. These results are
depicted in figure 1 and figure 2.
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Fig. 1. Evolution of FORT values before and after treatment
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Fig. 2. Evolution of FORD values before and after treatment

After treatment, FORT values remained high and FORD
and HDL values remained low in the two cases of refractory
disease. HDL values (normal >60 mg/dL) were normal in
nine patients (28.13%), five (55.55%) having DLBCL stage
[1B and four (44.45%) having DLBCL stage IIIB. However,
the values were decreased in 23 patients prior to therapy
commencement (mean value of 47 mg/dL). The mean
HDL value significantly increased after treatment at 65 mg/
dL (p<0.001). Mean HDL values before treatment
according to DLBCL stage were: 67 mg/dL in stage IIB,
47.53 mg/dL in stage 1lIB, and 32.5 mg/dL in stage IVB.
These values increased after specific DLBCL treatment to
78 mg/dL for patients in stage I1B, to 66 mg/dL for patients
in stage I1IB and to 53.75 mg/dL for patients in stage IVB.
These findings are portrayed in figure 3.
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Fig. 3. Evolution of HDL-cholesterol values before and after
treatment

DLBCL is an aggressive lymphoma that can occur de
novo or by transformation of a less aggressive B-NHL, such
as follicular lymphoma [25]. In peculiar cases, it might
even co-exist with or develop after a previous malignancy,
such as chronic myeloid leukemia [26]. The genesis of
lymphoma has yet to be explained. NHL risk has been
associated with bacterial and viral infections and chronic
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inflammation. Infections contribute to lymphomagenesis
by subverting the host cell molecular signaling pathways
to deregulate cell growth and survival. Sustained antigenic
stimulation triggers inflammatory responses by attracting
neutrophils which, in an activated state, release ROS [27].
ROS and other free radicals can generate pro-inflammatory
cytokines, including interleukin-1, which stimulates B-cells
to produce antibodies that initiate signaling for B-cell
activation and induce oxidative damage to all components
ofthe cell (i.e. proteins, lipids, and DNA) [21]. DNA damage
may be due to the intrinsic genetic instability of B-cells and
to the activation of NF-kB, a key transcription factor which
regulates the expression of several genes involved in B-
cell survival and proliferation [28]. Lightfoot et al. analyzed
genetic variation in SOD2, GPX1 and CAT (genes coding
for antioxidant enzymes) in two lymphoma case-control
studies, suggesting a possible role for oxidative stress in
the risk for NHL in the context of inflammation [21]. In a
large multicenter case-control study, Wang et al. genotyped
13 single nucleotide polymorphisms from 10 oxidative
stress genes (AKR1AL, AKR1C1, CYBA, GPX, MPO, NOS2A,
NOS3, OGG1, PPARG and SOD2) to determine whether
these genes influence the risk for NHL, and reported that
genetic variations that result in an increased generation of
ROS seem to increase the risk for NHL and its major
subtypes, particularly DLBCL [29]. Moreover, the
overexpression of glutathione peroxidase 4 (GPX4) in
DLBCL, as pointed out by Kinowaki et al., is associated
with a poor prognosis, since it prevents ROS-mediated cell
death [30].

In our study, all patients had at diagnosis high FORT
values (2.4 - 3.8 mmol/L) and low FORD values (0.21 -
1.03 mmol/L). The mean value of FORT in advanced stages
of DLBCL was higher (3.63 mmol/L), almost one third
compared to the mean value of FORT in the initial stages
of disease (2.48 mmol/L), probably due to the tumor mass,
bone marrow involvement, and the fact that malignant
lymphocytes abundantly produce ROS. These values were
accompanied by lower mean FORD values before
treatment, especially in the DLBCL stage VB (0.29 mmol/
L) compared to stage IIB (1.01 mmol/L), as antioxidant
systems try to neutralize ROS and protect cells from ROS-
induced damage. Several studies reported that manganese
superoxide dismutase (MnSOD), a primary antioxidant,
plays a critical role in protecting cells from free radicals
and oxidative damage, modulating apoptosis and
suppressing tumorigenesis, and that, in lymphoma tumors,
MnSOD activity is low [31-34]. After specific treatment,
when the tumor mass and the number of malignant
lymphocytes decrease, the mean FORT value, reflecting
the production of ROS, decreased in DLBCL patients and
the mean FORD value significantly increased.

On the other hand, Growder et al. reported that a
decrease in circulating HDL-cholesterol may occur during
lymphomagenesis [35]. HDL-cholesterol seems to have
an anti-inflammatory role by suppressing the chemotactic
activity of monocytes and lymphocytes and inhibiting the
cytokine-induced expression of endothelial cell adhesion
molecules, and also antioxidant properties, protecting
lymphocytes from oxidative damage [36-40]. Clinical
studies that investigated plasma lipids and lipoproteins in
lymphoma patients reported lipid abnormalities directly
related to the underlying tumor burden and to the presence
of bone marrow involvement, and a decrease in circulating
HDL-cholesterol, reflecting an underlying etiology such as
inflammation during lymphomagenesis [23, 41].

In our study, the mean value of HDL-cholesterol was
decreased especially in advanced DLBCL stages, probably
related to a higher degree of chronic inflammation and
REV.CHIM.(Bucharest)¢ 70¢ No. 3 ¢ 2019

oxidative stress, and increased significantly after specific
treatment, in relation to a reduced degree of inflammation,
diminished release of pro-inflammatory cytokines and
production of free radicals, and a reduced volume of
malignant cells. Lim et al. investigated the association
between the pre-diagnostic serum HDL-cholesterol levels
and the subsequent development of NHL during 17 years
of follow-up, observing an inverse association between
HDL-cholesterol levels and NHL during the first 10 years,
which changed with the length of the follow-up [42].
Taking this data into account, low HDL-cholesterol may
be a marker for the severity of systemic inflammation and
inflammation-induced NHL risk, or may be a parameter
with potential prognosis impact in DLBCL [43]. Also, some
natural products with hypolipidemic and antioxidant
properties could serve as potential oxidative stress-
lowering molecules in DLBCL and other cancers, but it is
too early to assess their applicability in the clinical ward
[44-45]. Nevertheless, oxidative stress has emerged as a
putative mechanism in the development of a myriad of
diseases, not only cancer: heart failure, arterial
hypertension, obesity, neurodegenerative disorders or type
2 diabetes mellitus are just some common examples [38,
46-48].

Conclusions

The results of our study suggest a possible association
between oxidative stress and advanced DLBCL stages. It
is still questionable whether chronic inflammation reduces
HDL-cholesterol levels or whether low HDL-levels
predispose to chronic inflammation and an increased risk
of inflammation-induced NHL. We propose a follow-up of
at least 10 years of these patients with DLBCL and a
periodical evaluation of the level of HDL-cholesterol and
oxidative status, as well as an investigation whether any
changes in these parameters are correlated with a possible
DLBCL relapse.
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