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Oxidative Stress in Patients With Early Stage Chronic
Lymphocytic Leukemia, Assessment and
Correlation With Prognostic Factors
Xavier Ortina, d, Montserrat Giraltb, Marta Romeub, d, Marylene Lejeunec, M Rosa Noguesb,
Vanessa Sanchez-Martosb, Marta Rodriguez-Luacesa, Teresa Sansa, Llorenç Fonta
strategy of OS biomarkers with already known prognosis factor
may have potential clinical applications in early stage CLL patients.

Abstract
Background: The heterogeneous clinical outcome that characterizes chronic lymphocytic leukemia (CLL) can be predicted by a serie
of clinical prognosis factors. However, the existence of a significant
subset of patients with early stage CLL makes crucial the need of
more accurate prognostic markers allowing the possibility of early
treatment of these patients. Although high reactive oxygen species
(ROS) levels have been seen to play a role in CLL, discrepancies
in the information compiled about oxidative stress (OS) in these
patients have been reported.
Methods: In this study, we evaluate the overall OS status, through
a recently defined score of oxidative stress (SOS), of 37 early stage
CLL patients and we compare SOS with well-known prognosis factors and with a matched control group of healthy individuals.
Results: We have observed an imbalance in the antioxidant/prooxidant equilibrium in early stage CLL patients with a significant
higher SOS than that of the healthy control group (0.00 ± 0.53 vs.
2.97 ± 1.13; P < 0.05). Most of the patients who exhibit 3 - 4 adverse prognosis factors also present higher values of most of the OS
biomarkers and SOS.
Conclusions: These data strongly suggest that the combination
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Introduction
Chronic lymphocytic leukemia (CLL) is the most common
adult leukemia in Western countries. The clinical course is
remarkably variable; some patients live out their life not
needing treatment and die of unrelated causes, whereas others have rapidly progressive disease requiring treatment
within months of diagnosis and succumb to their disease
within 2 to 3 years. Clinical features in Rai and Binet staging systems [1, 2] still remain the most important prognostic
indicators in CLL. However, these clinical staging systems,
developed in the late 1970s, have lost some of their usefulness, since most patients are now being diagnosed at an early
stage, reflecting a broader use of routine blood evaluations.
As a logical consequence, there is still a need for a simple
and reliable method of risk stratification suitable for all patients with CLL. Furthermore, for each stage there is still
heterogeneity, limiting utility in predicting survival.
In the understanding of the biology of CLL, a great
number of new prognostic factors have been identified in
addition to common factors used in clinical staging [3]. Different studies have described the predictive value of these
parameters with regard to overall survival, disease progression and response to therapy. Other parameters are the presence of chromosome abnormalities such as 17p deletion and
11q deletion, elevated serum levels of β-2 microglobulin
(β-2M), thymidine kinase, soluble CD23, unmutated immunoglobulin heavy chain variable gene (IgVH) status of CLL
cells, and expression of ZAP-70 and CD38 by leukemia cells
have been correlated with poor prognosis [4-9]. In addition
to the fact that in isolation, each of these prognostic factors
has limited utility in predicting overall survival, it is not yet
defined how these factors should be used in the management
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of CLL patients [10-12]. The incorporation into daily practice of these markers must be standardized and validated in
large prospective trials.
Reactive oxygen species (ROS) and oxygen free radicals
(OFR) are both generated during physiological and pathological cellular metabolic activities playing a dual role in
biological systems. On the other hand, they may be harmful, since high concentrations of ROS can lead to cellular
damage including lipid peroxidation, DNA adduct formation, protein oxidation and enzyme inactivation, which can
all ultimately lead to cell death [13-15]. But on the other
hand they may be beneficial to living systems since a moderate level of intracellular ROS is thought to be important
to maintain appropriate redox balance and to stimulate cellular proliferation [16]. To neutralize OFR, living organisms
have defence mechanisms which are able to quench OFR,
scavenge damaged molecules and repair molecular injuries.
Among these defence mechanisms, there are no enzymatic
molecules such as reduced glutathione (GSH), ascorbic acid,
tocopherols, β-carotene and ubiquinone, and also several
enzymatic systems such as catalase (CAT), superoxide dismutase (SOD), thioredoxin reductase, GSH-reductase (GR),
GSH-peroxidase (GPx) and GSH S-trasnferase (GST) [13,
17, 18].
Extensive evidence has shown that disturbances of
oxidative stress (OS) metabolism are a common feature of
transformed tumor cells. Malignant cells such as human
leukemic HL-60 cells and primary human leukemic cells
(lymphocytes from CLL patients) have been demonstrated
to produce more superoxide anions [19]. This intrinsic OS
may explain the therapeutic selectivity of chemotherapeutic agents. However, toxicity caused by chemotherapeutic
agents, such as cyclophosphamide and ifosfamide that induce urotoxicity, can be ameliorated by antioxidants, such as
the chemoprotectant mesna, a thiol antioxidant [20]. There
are few studies evaluating plasma and erythrocytes antioxidant status in CLL patients. Information about the activities
of antioxidant enzymes is generally partial and discrepancies
have been reported in relation to changes of enzymatic activities such as SOD and CAT activities in CLL patients [12,
21]. In the same way, the role of the higher concentration of
GSH observed in lymphocytes in determining a prognosis in
CLL subjects remains conflicting [13]. So, information about
OS biomarkers in early stage CLL patients has not been yet
well defined and it is possible that these may present imbalance between the mechanisms that generate ROS and the antioxidant defense mechanisms in favor of the latter, and thus
show a higher OS levels than healthy population.
In this study, we have studied the OS profile in a group
of CLL patients diagnosed of early stage and in a matched
control group through the determination of the main enzymatic antioxidant defenses (SOD, CAT, GR and GPx) and
the determination of the lipidic peroxidation products such
as the thiobarbituric acid reactive substances (TBARS) and
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the reduced and oxidized glutathione (GSH, GSSG). Moreover we set the global antioxidant capacity and also a model of overall score to assess the degree of oxidative stress
(SOS) in CLL patients compared with a control population.
Finally, we assessed whether there were differences in markers of oxidative distress in our study population in relation to
different recognized prognostic factors analyzed.

Design and Methods
Patients and control groups
Thirty-seven untreated early stage CLL patients were included in the study. All patients were enrolled during a period of 10 months. The diagnoses were based on the International Worshop on CLL (IWCLL) criteria [22] and the
clinical stage was defined according to the systems defined
by Rai and Binet [1, 2]. The inclusion criteria of these patients were: to have a medical and laboratory tracking in
the Department of Hematology of the” Hospital de Tortosa
Verge de la Cinta”, to have a A/0-1 stage as Rai and Binet
staging system, not having chronic associated diseases (diabetis, renal insufficiency, hepatopatia and other neoplasies),
being without treatment (for CLL, diabetis or hypertension),
without signs of disease progression during the follow-up
period (TDL > 12 months) and without toxic habits (tobacco, alcohol). Thirthy-seven age and sex-matched healthy
subjects were included in this study as control group. The
samples were obtained from the Department of Endocrinology of the Institute Dexeus and from healthy volunteers
who attended the Department of Pharmacology of the “University Rovira i Virgili”. These healthy individuals were enrolled on the basis of specific inclusion criteria: individuals
without pathology and without relevant treatment such as
an antioxidant at the moment of the analysis. All CLL patients and healthy control individuals gave written informed
consent. The local Ethics Committees from the “Hospital
de Tortosa Verge de la Cinta” and the “University Rovira i
Virgili” approved the study.
Clinical records of patients included the principal variables that were already known to be of prognostic relevance:
lactacte dehydrogenase (LDH), β-2M, immunophenotypic
score (CD5, CD23, FMC7, sIg, CD22) [23], presence of
CD38 and ZAP-70 detected by flow cytometry, karyotipe
by conventional cytogenetic (del 13, +12, del 11, del 17),
presence of lymphadenopathy, liver or spleen enlargement
by CT scan, and determination of lymphocyte morphology
and lymphocytary doubling time (LDT).
In the two groups of the study, we determined the following markers of OS: SOD, CAT, GPx, GR, GSH, GSSG,
TBARS and global antioxidant capacity through the ORAC
method. The determination of SOS was based on the analysis
of these all these biomarkers.
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Table 1. Scoring Criteria for Each Biomarker to Derive the Score of Oxidative
Stress (SOS)
Value > than
upper limit

Value < than
lower limit

SOD

-1

+1

CAT

-1

+1

GR

-1

+1

GPx

-1

+1

GSH erythrocytes

-1

+1

GSSG erythrocytes

+1

-1

GSSG/GSH erythrocytes

+1

-1

TBARS erythrocytes

+1

-1

TBARS plasma

+1

-1

Biomarkers

Antioxidant Enzymes

GSH, GSSH, GSSG/GSH

Lipid peroxidation products

SOS: -1, antioxidant status; +1, oxidative stress; 0, antioxidant-prooxidant equilibrium.

Sample collection

Determination of antioxidant enzymes activities

10 ml of blood samples were taken from patients and control
individuals in vaccutainer EDTA and Li-Heparin tubes, kept
under refrigeration and processed no later than six hours after collection. The plasma and the erythrocytes were separated by centrifugation at 850 ×g at 4 ºC during 15 min. Plasma
from EDTA samples was directly aliquoted and stored at -20
ºC for further determination of TBARS content. Erythrocytes from EDTA samples were washed twice with physiologic serum, centrifuged at 1,900 ×g for 5 min at 4 ºC and
stored at -20 ºC so that SOD, GPx, GR and CAT activities
could be determined. Plasma from heparinized samples was
divided in two aliquots. The first aliquot was stored directly
at -20 ºC forfurther determination of GSH and GSSH. The
second aliquot was deproteinized with trichloroacetic acid
at a final concentration of 10% (TCA 70%) and stored at
-20 ºC for further determination of plasma GSH and GSSG.
Erythrocytes from heparinized samples were washed twice
with physiologic serum (1,300 ×g or 5 min at 4 ºC) and
then lysed with a phosphate buffer at pH 6.25. Hemolyzed
samples were treated with cold trichloroacetic acid at a final
concentration of 10% (TCA 70%) and stored at -20 ºC for
further analysis of erythrocyte GSH and GSSG and TBARS.

For the determination of SOD activity, washed erythrocytes
from EDTA samples were frozen and thawed twice and then
lysed with 5 volumes of distilled water. Haemoglobin was
extracted with ethanol:chloroform (6.25:3.75) and after
centrifugation at 1,900 ×g during 5 min at 4 ºC. SOD was
recovered in the supernatant phase. The SOD activity was
measured by the Misra and Fridovich method [24] based on
the autooxidation of epinephrine and expressed as units/g of
haemoglobin (one unit, U = the amount of sample that inhibits the transformation of epinephrine into adrenochrome by
50 %). The reaction was monitored at 480 nm (Espectrometer Perkin Elmer Lambda 25).
For the determination of CAT, GR and GPx activities,
washed erythrocytes were lysed with 10 volumes of cold
bidistilled water. CAT activity was determined in the hemolyzed samples by the Cohen method [25], which monitored
the rate at which hydrogen peroxide (15 mM) disappeared at
240 nm (Espectrometer Perkin Elmer Lambda 25). This was
expressed in mmol of hydrogen peroxide transformed/min/g
of haemoglobin. GR and GPx activities were determined by
the Wheeler method [26], which monitors the rate at which
NADP+ or NADPH disappear at 340 nm (Espectrometer Per-
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Table 2. Characteristics of Known Prognostic Factors of the 37 CLL Patients Included in the Study
Prognostic factor
(favorable vs. adverse)

Patients with favorable
prognostic

Patients with adverse
prognostic

LDT
> 12 months v. ≤ 12 months

37/37
(100%)

0/37
(0%)

Lymphocyte morphology,
Typical v atypical

30/37
(81.08%)

7/37
(18.92%)

LDH
≤ 500 UI/L v. > 500 UI/L

31/37
(83.78%)

6/37
(16.22%)

β-2M
≤ 2.4 mg/L v. > 2.4 mg/L

24/34
(70.59%)

10/34
(29.41%)

Immunophenotypic Score*
5 v. ≤ 4

29/34
(85.29%)

5/34
(14.71%)

CD38
Negative v. positive

25/32
(78.13%)

7/32
(21.82%)

ZAP-70
Negative v. positive

26/27
(96.30%)

1/27
(3.70%)

Cytogenetics
13, +12, normal cariotip v. 11, 17

28/30
(100%)

2/30
(100%)

lymphadenophatic areas by CT
≤ 2 v. > 2

36/37
(97.30%)

1/37
(2.701%)

Liver or spleen enlargement by CT scan
Absence v. presence

36/37
(97.30%)

1/37
(2.70%)

*combination of positivity for CD5 and CD23, low positivity for Igs and CD22, and negativity for FMC7.

kin Elmer Lambda 25). GR and GPx were expressed in µmol
of NADPH transformed/min/g of haemoglobin.
Determination of lipids and peptides peroxidation products
GSSG is considered as a peroxidation product of peptides.
The presence of GSSH and GSH in untreated and deproteinized plasma as well as in hemolyzed erythrocytes from
heparinized samples was determined by fluorimetry with the
Hissin and Hilf method [27] at 350 nm (λex) and 420 nm (λem)
wavelengths (Espectrofluorometer Perkin Elmer LS55). The
GSH and GSSH react with O-phtalaldialdehyde (OPT) as
the fluorescent reagent. The calculated GSSG/GSH ratio
is considered the redox value that best determines the antioxidant capacity of cells [28], and any increase suggests a
strong prooxidant effect [29, 30].
TBARS were estimated according to the method of
Buege and Aust [31] but using fluorescence at 515 nm (λex)
80

and 548 nm (λem) wavelengths as described by Richard et al
[32] (Espectrofluorometer Perkin Elmer LS55). Lipid peroxidation was measured as malondialdeyde (MDA) equivalents using trichloroacetic acid, thiobarbituric acid and hydrogen chloride. The increase in TBARS content was taken
to indicate oxidative damage.
Determination of global antioxidant capacity
Global antioxidant capacity was measured trough the ORAC
method [33]. The method is based on the the measurement of
the antioxidant capacity to trap peroxil radicals induced by
2, 2’-azobis (2-amidinopropane) dihydrochloride at 37 ºC.
The fluorometric reaction with the 6-Hydroxy-2, 5, 7, 8-tetramethylchroman-2carbolxylic acid (trolox) was measured
in a Fluorscan Ascent Analyzer (excitation 540 nm, emission
565 nm). The value area under the curve (AUC) permits to
obtain the ORAC value as follow: ORAC = ((AUCsample
- AUCcontrol) / (AUCtrolox - AUCcontrol)) × (molarity of
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Figure 1. Comparison of OS biomarkers values of early stage CLL and healthy control groups. Results are presented as mean ±
standard deviation (erythrocytes biomarkers GSH, GSSG, GSSG/GSH, CAT, GPx, SOD and plasma biomarkers GSSG, GSSG/
GSH) or geometric mean ± antilog standard deviation (erythrocytes biomarkers TBARS, GR and plasma biomarkers GSH, TBARS)
in the healthy control group (n = 37) and early stages of CLL patients group (n = 37). *Statistical differences between healthy control
and early stages of CLL patients with a P value < 0.001, †with a P value = 0.001, ‡with a P value = 0.013, §with a P value = 0.016.

trolox/molarity of the sample).
Determination of the Score of oxidative stress (SOS)
To evaluate the global SOS we have utilized a method previously described by Romeu et al [34], modified in function of
the data obtained from the literature and from the statistical
analyses of the current results from control group. In this
method, each biomarker received a numerical value of 0, +1
or -1 depending on the value of the biomarker obtained during the analysis and the range of “standard” normal values
established from the control group. As the result of the adaptation of the scoring method to the analysis of LLC patient
and healthy controls included in the study, the values of the
different biomarkers were scored as described in Table 1.
The SOS values of the control group were normally distributed around the mean which, by definition, was 0 point
and represent an antioxidant-prooxidant equilibrium. A score
of -1 was done for an antioxidant status (AS) and a score of
+1 was done for an OS status. In these conditions, a score of
-1 was done for high values of antioxidant enzymes (SOD,
CAT, GPx, and GR) and antioxidant molecule GSH but also
for low values of GSSH, GSSH/GSH ratio and TBARS in
erythrocytes and in plasma. On the contrary, a score of +1
was assigned for low values of antioxidant enzymes and the
antioxidant GSH but for high values of GSSH, GSSH/GSH
ratio and TBARS. This new multi-biomarker score (SOS)
was obtained using a simple mathematical formula (SUM
function) linked to a Microsoft Excel® spreadsheet.
Although conservatory precautions were taken in order
to minimize a possible oxidation of the samples during their
manipulation [35, 36], plasmatic GSH, GSSG and TBARS

biomarkers have not been considered for the determination
of SOS. In the same way, ORAC has not been included in the
SOS, since it represents a global measure of the antioxidant
capacity.
Statistics
All the data were processed with the SPSS statistical package 13.0 (SPSS Inc, Chicago, IL). The different parameters
were expressed as the mean and the standard deviation. The
Kolmogorov-Smirnov test was performed to test the normality and the Fisher-Snedecor test to test the homogeneity the variances, 5th and 95th percentiles were obtained for
all biomarkers of the healthy control samples and used as
the lower and upper limits of normality for the population.
Significant differences between the results obtained from
patients and those from healthy controls were compared by
one-way ANOVA, Student’s t-test, Mann-Whitney U test or
Wilcoxon’s signed rank, as appropriate. When more than two
groups were compared, the significant differences were assessed by Kruskal-Wallis (H-test) or Friedman tests, as appropriate. Correlation studies were assessed by Spearman’s
Rank Order correlation (rho). Differences were considered
significant when the probability was P < 0.05.

Results
Characteristics of the 37 CLL patients of the study
The 37 early stage CLL patients diagnosed within our geographic area were representative of a general population of
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Figure 2. Frequency distribution of the SOS. Healthy control individuals present a normal distribution centered on
zero. The frequency distribution of the SOS on early stage CLL did not follow a normal distribution, since the score
was displaced towards positive values.

early stages CLL. They present a general characteristic defined in this population, which is the advanced mean age, 75
± 9.78 years (age extreme values ranging between 54 and 90
years) without a clear gender predominance (20 women, 17
men). As a comparison, the mean age of healthy volunteers
was 72 ± 7.18 years. The median follow-up of the CLL patients was 76 months (from 20 to 271 months) and during
this time none of the patients showed disease progression to
more advanced stages.
Regarding the prognostic factors analyzed initially in
our sample (Table 2), 18.91% of patients did not show any
adverse prognostic factor (7/37), 64.86% had one or two adverse factors (24/37), and 16.21% had three or four adverse
factors (6/37). The maximum number of four adverse prognostic factors was identified in only one patient.
Imbalance in the antioxidant/prooxidant equilibrium in
early stage CLL patients
Figure 1 summarizes the values of OS biomarkers determined in erythrocytes and plasma of the CLL and the healthy
control group. Since the control group comprises individuals who have not been exposed to the main exogenous factors of ROS production, the values of their biomarkers have
been used as a reference. A significant higher degree of
OS could be observed in CLL patients as compared to the
healthy control group. All erythrocyte biomarkers were significantly different in CLL patients as compared to the values
of the control group. The glutathione system in erythrocytes
82

of early stage CLL patient was altered since these patients
present a significant increase in GSSG and the ratio GSSG/
GSH. Moreover, the significant decrease in the level of the
antioxidant molecule GSH reveal a probably malfunctioning of the system of turnover of GSH in erythrocytes. In the
same order, the antioxidant enzymes SOD, CAT, GPx and
the GR were also significantly decreased in the patient group
compared to the control group. The imbalance in the antioxidant/prooxidant equilibrium in early stage CLL patients
is reflected by a significant decrease in the antioxidant enzymatic systems and also a significant decrease of the lipid
peroxidation products TBARS in erythrocytes.
Concerning the plasma biomarkers, we could observe
that CLL patients present only significantly increased levels
of GSSG as compared to the control group. No significant
changes have been observed in the gluthatione system (GSH,
P = 0.778; GSSG/GSH, P = 0.784) and the lipid peroxication
products TBARS (P = 0.180).
SOS system in early stage CLL patients
The values obtained with our new multi-biomarker score
clearly reflected the differences observed between the levels
of the different biomarkers of CLL patients and the healthy
controls (Fig. 1). Effectively, early stage CLL patients present a much higher SOS with almost three points OS of difference in comparison to the control group (P < 0.001). As
shown in the graphical representation of the frequency distribution of the SOS of patients and controls groups (Fig.
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Figure 3. Correlation of OS biomarkers with evaluated prognostic of early stage CLL. (A) No significant differences
could be observed in the levels of OS biomarkers CD38 (A), ZAP70 (B) and cytogenetic karyotipe (C) in relation to
the prognostic. Regarding β-2M (D), a tendency of higher SOS could be observed in the group of patients with an
adverse prognosis (β-2M > 2.4 mg/L) without significance.

2), healthy control individuals present a normal distribution
centered on zero. However, the frequency distribution of the
SOS on early stage CLL did not follow a normal distribution, since the score was displaced towards positive values,
namely, OS.
Relationship between oxidative stress and prognostic factors in early stage CLL
Although we do not have an ORAC value of healthy controls, ORAC values of CLL patients have been correlated
with their OS biomarkers. ORAC correlated negatively with
the level of the antioxidant enzymes SOD and GPx and we
found a positive correlation with the erythrocytes and plasma
values of TBARS, GSSG and the plasmatic level of GSSG/
GSH. Globaly, ORAC increases in the same manner as SOS.
This seems to indicate that in parallel with the OS status,

CLL patients present mechanisms of compensation that respond to the attack of the radicals.
The correlation of the different OS biomarkers with the
already known prognostic markers was carried out in order
to consider whether any of these biomarkers could also be
included as prognostic factors of progression of the disease
in the early stages of CLL. No significant differences could
be observed in the values of the OS biomarkers in relation
with the two immunophenotypic scores (5 vs. ≤ 4). However, a tendency to higher levels of erythrocytes and plasmatic
TBARS as well as lower levels of the antioxidant enzymes
SOD and GR could be observed in patients with adverse
prognostic factors. In the same way, as observed in the Figure 3 A, B, no significant differences have been observed
in the levels of OS biomarkers in relation to the prognostic
CD38 and ZAP-70. Only an increase of 0.43 points of SOS
has been observed in CD38 positive patients as compared
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Table 3. Values of OS Biomarkers in Function of the 3 Groups of NAPF
Without NAPF
(n = 8)

1-2 NAPF
(n = 22)

3-4 NAPF
(n = 8)

GSH (mmol/g Hb)

1.85 ± 1.08

1.69 ± 1.12

1.48 ± 0.68

GSSG (mmol/g Hb)

1.78 ± 1.15

1.75 ± 0.80

1.96 ± 1

GSSG/GSH

1.21 ± 0.82

1.25 ± 0.92

1.81 ± 1.59

TBARS (nmol/g Hb)

3.44 ± 3.34

3.54 ± 3.51

4.02 ± 3.58

CAT (mmol/min/g Hb)

175.5 ± 50.22

176.7 ± 43.28

143.15 ± 78.11

GPx (mmol/min/g Hb)

21.39 ± 4.56

19.46 ± 5.02

16.21 ± 8.58

GR (mmol/min/g Hb)

2.91 ± 2.48

3.22 ± 2.73

2.14 ± 1.17

SOD (U/g Hb)

1,052.6 ± 496.3

1,141.31 ± 483.22

702.74 ± 404.17

GSH (mmol/mL)

15.01 ± 5.57

22.2 ± 16.88

24.86 ± 15.89

GSSG (mmol/mL)

29.15 ± 14.55

32.6 ± 16.23

32.63 ± 15.56

GSSG/GSH

2.04 ± 0.94

2.12 ± 1.96

1.66 ± 1.12

TBARS (nmol/mL)

3.16 ± 2.4

3.20 ± 2.49

3.81 ± 2.88

SOS

3.00 ± 1.41

2.81 ± 0.93

3.38 ± 1.41

ORAC

24.36 ± 5.19

32.35 ± 16.37

37.88 ± 23.59

Biomarkers

Erythrocytes

Plasma

Values are expressed as means ± SD (n) for the OS biomarkers of oxidative stress.

to CD38 negative patients. Only one patient was ZAP-70
positive. For these patients the analysis of coefficients of
variation of the different OS biomarkers indicated an imbalance in the antioxidant/prooxidant equilibrium (increase
of plasmatic TBARS and GSSG, increase of erythrocyte
TBARS, GSSG, GSSG/GSH and overall SOS as well as an
impairment of the antioxidant enzymes GSH, SOD, CAT,
GR and GPx). Considering the cytogenetic findings, only
two patients presented adverse alterations in the karyotype
(Fig. 3C). In these two patients a greater grade of OS could
be observed as compared to patients with a normal karyotype or with favorable prognosis abnormalities. Contradictory results were obtained with the the LDH values since
patients with adverse prognosis (LDH > 500U/L) presented
favorable SOS punctuations. Regarding ß-2M (Fig. 3D), a
tendency of higher SOS could be observed in the group of
patients with an adverse prognosis (β-2M > 2.4 mg/L) without significance. Individually, the level of erythrocyte GSSG
84

was significantly higher in patients with adverse prognosis.
Since our sample size (37 samples) is not large enough
to derive any really significant conclusions from each group
of risk factors, we created a new variable related to the number of adverse prognostic factors (NAPF) derived from the
all the prognostic factos evaluated in this study. The NAPF
differentiates LLC patients who have no adverse prognostic
factors, who have 1 - 2 of them and who have 3 - 4 of them.
Then we have combined the different items of NAPF with
the different SOS punctuations. The frequency distribution
of different combinations showed a tendency to a more accurate classification of early stage LLC patients in 3 groups:
a group of patients with a favorable prognosis (NAPF of 0
and SOS of 1), a group of patients with an adverse prognosis (NAPF of 3-4 and SOS of 5) and a group of patients
with an uncertain prognosis (NAPF of 1-2 and SOS of 2-4).
The group of patients with an SOS punctuation of 5 included
three patients that present significant alterations in the val-
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ues of GSH, GSSG, and GSSG/GSH from erythrocytes and
CAT biomarkers. Only 2 of these three patients presented
also alterations in the plasmatic TBARS values and GR (data
not shown). Globally, the great majority of the biomarkers
indicated a greater OS in the group of patients with adverse
prognosis (Table 3).

Discussion
The effect of OS on poor health of individuals is unquestionable. Because of their reactive chemical properties, ROS
may cause various types of tissue injury in a wide range of
human diseases, and an excessive amount of ROS can lead
to cell death by apoptosis or by necrosis [37, 38]. The ability
of ROS to damage cellular components and cause cell death
suggests a possibility to exploit this chemical property for
killing cancer cells through a free radical-mediated mechanism. This strategy is of therapeutic relevance, because most
cancer cells are active in metabolic production of ROS and
are intrinsically under increased OS, and thus more susceptible to exogenous free radical abuses [39].
In CLL, malignant cells are in general more active in the
production of ROS than normal cells and are under intrinsic OS. Thus, they are more vulnerable to damage by ROSgenerating agents [19]. This is particularly true for late stage
patients and those that have undergone through prior therapy,
since mitochondrial defects seem to accumulate over time
and after chemotherapy [40]. The intrinsic OS in cancer cells
has been associated with the upregulation of SOD and CAT
protein expression in primary CLL leukemia cells cultures
[41]. However, studies published until today in CLL reveal
discrepancies in information recompiled about OS in CLL
patients in relation to changes of enzymatic activities and
the products of peroxidation [12, 13, 21]. CLL cells at different disease stages may have different metabolic activities
and thus produce various levels of superoxide radicals, depending on the energy requirement by the leukemia cells. Patients’ individual variations such as the intake of antioxidants
and other medication might also contribute to the variation
in free radical contents observed in CLL cells from different
patients. To date, there has been no attempt to determine the
OS status of early stage CLL and it is possible that these
may present imbalance between the mechanisms that generate ROS and antioxidant defense mechanisms in favor of
the latter, and thus show an increased oxidative distress in
comparasion to the healthy population. The measurement of
OS biomarkers in early stage CLL patients could be helpful
in the search of accurate prognostic markers that allow early
treatment for these patients.
The routine techniques applied in our laboratory are
based on venous blood samples easily obtained and on not
very sophisticated technical requirements. They permit to assess directly or indirectly the amount of ROS produced and
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also permit to determine the activity, the availability and effectiveness of protection of the antioxidant systems. In the
present study, we analyzed different individual OS biomarkers with an antioxidant activity such as the low molecular
weight antioxidants enzymes and macromolecules (SOD,
CAT, GR, GPx, GSH) and also biomarkers of prooxidant status such as the presence of some products of protein and lipid
peroxidation (GSSG, TBARS) [30]. As compared to healthy
individuals, our results indicate that these biomarkers would
be effective to confirm the existence of OS in early stage
CLL patients prior treatment since we demonstrated that
these patients present a significant increase of the prooxidant
biomarkers (GSSG, ratio GSSG/GSH) and a significant decrease in the antioxidant biomarkers (SOD, CAT, GR, GPx).
These results are in agreement with previous studies which
present GSSG as a good biomarker of oxidative damage to
peptides [42, 43]. The decrease of the antioxidant GSH and
the increase of the products of peroxidation TBARS were
not significant in our CLL patients. However, there is a significant decrease in erythrocyte TBARS level. The global
antioxidant capacity determined by the ORAC method correlated positively with the prooxidant TBARS and GSSG,
and negatively with the antioxidant enzymes SOD and GPx.
This fact suggests a compensatory mechanism of the body in
front of a radicalar attack [44-46]. Nevertheless, our results
indicate that the assessment of a specific biomarker linked to
OS remains insufficient to determine the state of prooxidantantioxidant balance in normal or pathological situation, and
it gives us very little information on where the imbalance is
located. The fact that the assessement of individual biomarkers for the determination of OS status appear unwelcome has
also been confirmed in previous studies [42].
The second step of the study consisted in the determination of a more realistic and comprehensive method by
applying the method defined by Romeu and collaborators
[47]. With this method of SOS we have been able to evaluate
the balance status between the formation or ROS (prooxidant status) and the defensive systems (antioxidant status)
in blood samples of early stage CLL patients and healthy
control individuals. SOS values get a new variable that gives
us the weight of the OS of the CLL patients without knowing
more complex data for all biomarkers and their role in the
cell. The SOS included all the OS biomarkers except plasmatic GSH, GSSG, GSSG/GSH due to conflicting results in
the literature [37, 38]. The global antioxidant capacity determined with the ORAC has been also omitted since it is an
overall assessment of OS as SOS. Our results highlighted a
significant higher SOS in CLL patients as compared to healhty individuals. This may be considered solely attributable
to the disease since none of the individuals had concomitant
diseases and had not received any treatment that could produce a greater OS. However, not all patients in the population showed the same OS profile (Fig. 2). This is probably
due to the high complexity of the global system and also to
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the intraindividual variability influenced by multiple genetic,
metabolic and environmental factors [48, 49]. Although the
SOS has been obtained in only one sampling point, its inclusion in the routine control analysis package would allow us
to see the OS progression in these patients and also to determine with greater precision the progression of the disease
through a longitudinal prospective study.
At this moment there is not enough evidence to initiate
treatment in early stage CLL only on the basis on the presence of single classical and new adverse prognostic factors
[50]. In our study, the analysis of the OS values in CLL patients according to whether they had favorable or adverse
prognostic markers showed no statistical differences. However, interesting trends support the idea that the presence
of a certain adverse prognostic factors (immunphenotypic
score, CD38, ZAP-70, karyotype and β-2M) was associated
with increased OS. Previous publications showed that the
combination of various adverse prognostic factors in these
patients led to a worse progression of the patient [4-6]. On
the other hand, some prognostic index for patients with CLL
have already been proposed, but this index does not provide
any parameters related to OS [6, 7]. We used the NAPF as a
variable that encompasses all the prognostic factors used in
clinical practice today and we analysed the distribution of
the value of the OS biomakers and SOS in function of this
new variable. This combination reveals the existence of a
group of patients with a favorable prognosis (NAPF of 0 and
SOS of 1) and a group of patients with an adverse prognosis
(NAPF of 3-4 and SOS of 5). Patients with intermediate SOS
(2 or 3 points) would have a more uncertain prognosis.
Studies need sufficient patients to ensure statistical
power. This fact can explain why many of our results did
not present statistical significance. However, the number of
patients included in our study within the planned recruitment
period appears to be proportional to those observed in other
studies with a longer period of time [5-7].
To incorporate the SOS as a prognostic factor in CLL,
firstly, we should increase the number of patients included
in the study and, secondly, we should follow patients over
time. The latter approach would allow us to see what the real
performance of individuals is and check if the “adverse/favorable prognosis” of each patient is in agreement with what
has actually happened.
In conclusion, the SOS may be useful in patients with
early stage CLL because it is a new variable of information
about the degree of OS in the routine controls of CLL and it
provides information on the prooxidant-antioxidant balance
status at any time of the disease. According to the presence
or not of prognostic factors, SOS can differentiate populations with different levels of OS. Finally SOS could provide
information about possible chemotherapy treatment, considering that some of these uses the way of free radicals as a
mechanism of action and it could open the door to a possible
prescription of antioxidant therapy, either pharmacological
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or dietetical in patients with early stage CLL who presents
adverse prognostic markers.
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