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Abstract

Objective: To investigate the status of the oxidant/antioxi-
dant balance in patients with multiple myeloma compared
to healthy controls. Materials and Methods: This study was
conducted on 40 multiple myeloma patients and 40 healthy
controls of matched age and sex. Serum total thiol, oxidative
stress index (OSI), total oxidant status (TOS), and total anti-
oxidant status (TAS) were measured using colourimetric
methods; paraoxonase-1 and arylesterase enzyme activities
were also quantified. Results: Serum paraoxonase-1 and ar-
ylesterase activities and total thiol levels were significantly
lower (p = 0.0001, p = 0.036 and p < 0.0001, respectively),
whereas TOS and OSI levels were significantly higher (p <
0.0001 for both parameters) in multiple myeloma patients
compared to controls. However, no significant differences in
TAS were identified when the two groups were compared.
Conclusions: Our findings indicate an impaired oxidative/
antioxidative balance in multiple myeloma. We recommend
further studies with larger groups to investigate the possible
relationship between oxidative stress and the aetiopatho-
genesis of multiple myeloma. ©2013 S. Karger AG, Basel

Introduction

Multiple myeloma is a cancer of the plasma cells. It is
the second most frequent malignancy of the blood in the
USA after non-Hodgkin’s lymphoma, accounting for
1% of neoplastic diseases and 13% of haematological
malignancies [1]. Clonal enlargement of the tumour
cells results in excessive generation of monoclonal im-
munoglobulin, which is used for the diagnosis of the dis-
ease. Collection of monoclonal immunoglobulin light
chains in the kidneys can lead to renal failure. Another
feature of multiple myeloma is the accumulation of ma-
lignant cells in the bone marrow, where they lead to os-
teolytic bone destruction and impaired haematopoiesis
1,2].

Human serum paraoxonase (PON1) and arylesterase
(ARE) are lipophilic antioxidant enzymes. Serum PON1
binds to high-density lipoprotein (HDL) and contributes
to the elimination of organophosphorus compounds and
free radicals. PONT1 is one of the endogenous free-radical
scavenger systems in the human organism [3]. Serum
PONI1 and ARE have been shown to function as a single
enzyme [4]. Human serum PONT1 indicates neither age-
related changes in activity nor gender differences [5]. Re-
duced PONI1 enzyme activities have been shown in sev-
eral groups of patients with hypercholesterolaemia, dia-

© 2013 S. Karger AG, Basel
1011-7571/14/0231-0018$39.50/0

KARGER

E-Mail karger@karger.com
www.karger.com/mpp

Karger
Opengaccess
This isan Open Access article licensed under the terms of the
Creative Commons Attribution-NonCommercial 3.0 Un-
ported license (CC BY-NC) (www.karger.com/OA-license),
applicable to the online version of the article only. Distribu-
tion permitted for non-commercial purposes only.

Hamit Yasar Ellidag

Central Laboratories of Antalya Education and Research Hospital
Ministry of Health, Varlik Mahallesi Kazim

Karabekir Caddesi Soguksu, TR-07100 Antalya (Turkey)

E-Mail hayael1980 @ hotmail.com


http://dx.doi.org/10.1159%2F000355826

betes mellitus, and cardiovascular disease, in which the
patients are under increased oxidative stress [6, 7].

The serum levels of different oxidant species can be
determined separately in laboratories. However, these
measurements are time consuming and expensive to per-
form, and require complicated equipment [8-10]. Re-
cently, lipid peroxidation concentrations were observed
by determining the total oxidant status (T'OS) [8]. Total
antioxidant status (TAS) correlates with the activity of
antioxidants in a medium, such as serum or plasma [9].
Therefore, measurements of TAS and TOS can give infor-
mation on an individual’s overall serum oxidative stress
index (OSI) [10].

Thiols are endogenous compounds that include the
sulphydryl group (SH) attached to a carbon atom. Both
extracellular and intracellular redox states of thiols play a
critical role in the determination of protein function and
structure, regulation of the enzymatic activity of tran-
scription factors and antioxidant protection [11]. The
major thiol antioxidant is the tripeptide glutathione; the
reduced form is glutathione (GSH) and the oxidized form
is glutathione disulphide (GSSG). An oxidative environ-
ment leads to the rapid modification of protein sulphy-
dryls. Oxidation yields sulphenic acids, and one-electron
oxidation yields thiyl radicals. These partially oxidized
products react with GSH and form S-glutathiolated pro-
tein, which is reduced further by the glutathione cycle
mainly through glutathione reductase, to restore protein
sulphydryls.

The aim of this study was to investigate the activity of
serum PON1 and ARE in patients with multiple myeloma
in comparison to healthy controls, and to investigate pos-
sible changes with regard to oxidative stress.

Materials and Methods

Forty patients (18 women and 22 men) with multiple myeloma
admitted to the Antalya Education and Research Hospital were
included in this study. All of the patients were newly diagnosed,
depending on their clinical and laboratory findings, and were in
various stages of the disease. The diagnosis of multiple myeloma
was confirmed by serum protein electrophoresis and immunofixa-
tion. Forty healthy gender- and age-matched control subjects (19
women and 21 men) were also enrolled for comparison. None of
the participants in this study was using hypolipidaemic agents or
antioxidant drugs. Other exclusion criteria were patients and con-
trols with other systemic diseases such as hepatic failure, diabetes
mellitus, coronary artery disease and active infection.

A 5-ml blood sample in a tube with clot activator was obtained
from patients and controls after overnight fasting. The sample was
centrifuged at 3,000 rpm for 10 min and the serum was separated.
Lipid parameters and other routine parameters were measured
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anew. The remaining portion of the serum was stored at -80°C and
used to analyse PON1, ARE, TOS, TAS and total thiol concentra-
tions.

Measurement of PONI and ARE Activities in Serum

PONT1 and ARE enzyme activities were measured using com-
mercially available kits (Relassay®; Turkey). The fully automated
PONI activity measurement method consisted of two different se-
quential reagents; the first reagent was an appropriate Tris buffer
and it also contained a calcium ion, which was a cofactor of the
PONI1 enzyme. The linear increase in the absorbance of p-nitro-
phenol, produced from paraoxon, was followed in the kinetic mea-
surement mode. The non-enzymatic hydrolysis of paraoxon was
subtracted from the total rate of hydrolysis. The molar absorptiv-
ity of p-nitrophenol was 18,290 M~!.cm™, and 1 unit of paraox-
onase activity is equal to 1 mol of paraoxon hydrolysed per litre per
minute at 37°C [12]. Phenylacetate was used as a substrate to mea-
sure the ARE activity. PON1, present in the sample, hydrolysed
phenylacetate to phenol and acetic acid. The produced phenol was
colourimetrically measured via oxidative coupling with 4-amino-
antipyrine and potassium ferricyanide. Non-enzymatic hydrolysis
of phenyl acetate was subtracted from the total rate of hydrolysis.
The molar absorptivity of the coloured complex was 4,000
M'-cm™!, and 1 unit of ARE activity is equal to I mmol of phenyl-
acetate hydrolysed per litre per minute at 37°C [13].

Measurement of the TOS of the Serum

The TOS of the serum was measured using an automated co-
lourimetric measurement method developed by Erel [8]. In this
method, oxidants present in the sample oxidize the ferrous ion-
chelator complex to a ferric ion, which produces a coloured com-
plex with a chromogen in an acidic medium. The colour intensity,
which was measured spectrophotometrically, was related to the
total amount of oxidant molecules present in the sample. The re-
sults are expressed in terms of micromolar hydrogen peroxide
equivalents per litre (umol H,O, Eq/l).

Measurement of the TAS of the Serum

The TAS of the serum was measured using an automated co-
lourimetric measurement method also developed by Erel [9]. In
this method, antioxidants in the sample reduce dark blue-green
coloured 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)
(ABTS) radicals to the colourless reduced ABTS form. The change
of absorbance at 660 nm is related to the total antioxidant level of
the sample. This method determined the antioxidative effect of the
sample against the potent free-radical reactions initiated by the
produced hydroxyl radical. The results are expressed as micromo-
lar trolox equivalents per litre.

Oxidative Stress Index

The percentage ratio of the TOS level to the TAS level was ac-
cepted as the OSI [10]. The resulting micromolar unit of TAS was
changed to millimoles per litre, and the OSI value was calculated
according to the following formula: OSI = TOS (umol H,0, Eq/1)/
TAS (umol trolox Eq/l).

Measurement of Thiol Activities

The total serum total thiol concentration or SHs were mea-
sured via the methods originally described by Ellman [14] and
modified by Hu [15]. The concentration of sulphydryl groups was
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Fig. 1. PON1 and ARE activities and total thiol and TAS in multiple myeloma (MM) patients and controls.

Table 1. Biochemical parameters of the patients and controls

Parameter Patients Controls p
(n =40) (n =40)

Age, years 67.5+8.4 66.4+6.8 0.47
Males, n (%) 22 (55) 21 (52.5) 0.99
Smokers, n (%) 12 (30) 16 (40) 0.48
Total protein, g/dl 9.5+24 7.54%0.5 <0.0001
Albumin, g/dl 3.4+0.8 4.4+0.2 <0.0001
Haemoglobin, g/dl 9.1+£2.3 13.7£1.23 <0.0001
Calcium, mg/dl 9.5(9.2-9.7) 9.2(9.1-9.4) 0.15
BUN, mg/dl 20 (16-25) 14 (12-16) <0.0001
Creatinine, mg/dl 1(0.8-1.2) 0.7(0.6-0.7) <0.0001
Uric acid, mg/dl 7.3£3.5 5+1.3 0.0003
Total cholesterol, mg/dl  154+58.6 167+26.3 0.18
TG, mg/dl 103+97 145+99 0.61
LDL cholesterol, mg/dl ~ 93+43 92425 0.36
HDL cholesterol, mg/dl 3513 38.6%5.2 0.11

Values are means * SD or medians (IQR) unless otherwise stated.

calculated using reduced glutathione as the free sulphydryl group
standard, and the results are expressed as millimoles. The CV for
the measurement of the serum SH level was 3.6%.

Other Parameters

The levels of triglycerides (TG), total cholesterol, HDL choles-
terol, low-density lipoprotein (LDL) cholesterol, calcium (Ca),
protein, albumin, creatinine, blood urea nitrogen (BUN) and uric
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acid were determined using commercially available assay kits (Ab-
bott) with an autoanalyser (Architect® c16000; Abbott Diagnos-
tics). The levels of haemoglobin were determined using a fully au-
tomated haematology analyser (Sysmex® xt-2000i; Roche Diag-
nostics). Serum protein electrophoresis and immunofixation
electrophoresis were detected using a Helena Biosciences Europe
electrophoresis instrument.

Statistical Analysis

Statistical analyses were carried out using statistical software
(version 11.5.1.0; MedCalc, Mariakerke, Belgium). In normally
distributed groups, the results are presented as means and SD;
otherwise they are presented as medians and interquartile ranges
(IQR). The significance of the differences between groups was
determined using Student’s unpaired t test for normal distribu-
tions, and the Mann-Whitney U test for abnormal distributions.
Categorical variables were evaluated using Fisher’s exact test.
Pearson’s correlation coefficient and Spearman’s correlation co-
efficient were used to test the strength of any associations be-
tween different variables. p < 0.05 was considered statistically sig-
nificant.

Results

The demographic data and laboratory findings for the
multiple myeloma patients and control subjects are sum-
marized in table 1. Serum total protein, BUN, creatinine,
and uric acid levels were significantly higher in multiple
myeloma patients (p < 0.0001, p < 0.0001, p < 0.0001 and
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Table 2. Oxidative and antioxidative

parameters for multiple myeloma patients ~ Parameter
and controls
PON1, U/l
ARE, kU/1

Total thiol, mm/I
TAS, nmol trolox/1

TOS, umol H,0, Eq/l

OSI

Patients (n = 40) Controls (n = 40) p
117 (84-165) 233 (175-271) <0.0001
182 (121-246) 241 (212-260) 0.036
1,309 (980-1,635) 2,062 (1,992-2,172) <0.0001
2.9(2.7-3.1) 2.8 (2.7-3) 0.24
6.9 (4-13) 1.4 (1-1.6) <0.0001
0.26 (0.1-0.4) 0.05 (0.04-0.06) <0.0001

Values are presented as medians (IQR).

p =0.0033, respectively) compared to controls. The levels
of haemoglobin and albumin were significantly lower in
multiple myeloma patients (p < 0.0001 for both parame-
ters) compared to controls.

Serum PON1, ARE activity, and total thiol levels were
significantly lower (p = 0.0001, p = 0.036 and p < 0.0001,
respectively), while TOS and OSI levels were significantly
higher (p < 0.0001 for both parameters) in multiple my-
eloma patients than in controls. However, no significant
differences in TAS levels were identified (p = 0.24) (ta-
ble 2; fig. 1).

No statistically significant correlation was identified
between haemoglobin, creatinine, calcium, and albumin
levels and PON1, ARE, total thiol, TAS, TOS, and OSI
levels.

Discussion

Data from this study demonstrated significantly lower
levels of PON1 and ARE activities and total thiol for mul-
tiple myeloma patients in comparison to healthy subjects,
while OSI and TOS levels were significantly increased.
However, a parallel change in TAS levels was not ob-
served. These results indicate a clear shift in oxidative/
antioxidative balance towards oxidation in patients with
multiple myeloma.

All cells in the human body sustain a condition of ho-
meostasis between the oxidant and antioxidant species
[16]. Oxidant/antioxidant balance is very important for
normal metabolism, signal transduction and regulation
of cellular functions. When an increase in oxidants and a
decrease in the antioxidant defence system occur, the ox-
idative/antioxidative balance eventually shifts toward the
oxidative status. Proteins, lipids and DNA are significant
targets for oxidative attack, and modification of these
molecules can increase the risk of somatic mutations and
neoplastic transformation. In fact, the development of
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cancers and their progression have been linked to DNA
mutations and damage, genome instability, and cell pro-
liferation caused by oxidative stress [16, 17]. This study
not only sheds light on such an impaired oxidative bal-
ance in multiple myeloma but it also presents potential
laboratory markers to measure it.

The human body has a number of endogenous free-
radical scavengers systems. HDL-associated PON1 and
ARE are the enzymes involved in such systems. These en-
zymes contribute to the detoxification of organophos-
phorus compounds and carcinogenic lipid-soluble radi-
cals from lipid peroxidation [3-5]. Studies have revealed
that PON1 expression is alleviated in human lung cancer
[18] and pancreatic [19] and gastric cancers [20]. Accord-
ingly, in this study, PON1 and ARE activities were sig-
nificantly lower in the multiple myeloma patients com-
pared to the healthy subjects. A probable explanation
could be an increase in intracellular oxidants thatled to a
parallel decrease in antioxidants and finally disrupted the
structure of enzymes such as PON1 and ARE. However,
cachexia and malnutrition in cancer patients are impor-
tant problems caused by a variety of mechanisms. In the
later stages of the disease, malnutrition and inflammation
suppress protein synthesis [21]. PON1 and ARE activities
may decrease, due to suppressed protein synthesis, ca-
chexia and malnutrition, as the host response to the tu-
mour.

Sharma et al. [22] examined the levels of oxidative
stress markers in 50 patients with multiple myeloma and
50 healthy controls. These markers were SOD, GPX and
catalase enzymatic activities in whole blood as well as the
circulating levels of MDA and vitamins E and C. They
determined that the average levels of SOD, GPX, catalase
and vitamins E and C were lower in the patients with mul-
tiple myeloma, while MDA levels were significantly high-
er. Gangemi et al. [23] evaluated the serum levels of ad-
vanced oxidation protein products, advanced glycation
end products, and protein nitrosylation as markers of ox-
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idative stress. They included in their study monoclonal
gammopathy of uncertain significance patients in addi-
tion to multiple myeloma and control patients. They re-
ported higher levels of these markers in the multiple my-
eloma group compared to both the monoclonal gam-
mopathy of uncertain significance group and the control
group and detected no differences between stages of the
disease [23]. These findings indicate the role of oxidative
stress at the very critical point of passage through uncer-
tain significance to true malignant neoplasia. Our find-
ings were similar to theirs, but the markers of our study
have more practical applications because there are ready-
to-use kits, suitable for autoanalysers. There was no sig-
nificant difference in TAS levels between the groups with
multiple myeloma and controls; this is probably due to
the state of the disease that failed to show a proportional
response to the increase in oxidative status. Higher uric
acid (an effective antioxidant) levels in multiple myeloma
patients were of concern as contributors to TAS. Mea-
surement of the TOS is extremely valuable as it is the sum
of all oxidants, including those oxidants not yet recog-
nized or not easily measured. On the other hand, it is an
unrefined, vague result, making it crucial to examine
some subclasses of oxidants.

Thiols are organic compounds that include a sulphy-
dryl group. They play a significant role in the defence
against free-radical species. The antioxidant features of
thiols include: the quenching of free-radical species, the
renewal of exogenous and endogenous antioxidants such
as vitamins C and E and glutathione, the chelation of re-
dox metals including Fe** and Cu?*, and the repair of ox-
idized proteins [16]. In our study, a striking feature was
the significantly lower levels of total thiols in multiple
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