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INTRODUCTION
Recent developments in multiple sclerosis (MS) research
have been staggering, including numerous new therapies
either approved or at the brink of approval, new oral
therapies and leaps made in genetics. This article will
focus on the role that immune cells play in MS, and their
involvement in mediating the effects of drugs used to
treat relapsing-remitting (RR) MS patients.

Abstract
Multiple sclerosis (MS) is a complex disease with many
different immune cells involved in its pathogenesis, and
in particular T cells as the most recognized cell type.
Recently, the innate immune system has also been researched for its effect on the disease. Hence, cells of
the immune system play vital roles in either ameliorating or exacerbating the disease. The genetic and environmental factors, as well as the etiology and pathogenesis are of utmost importance for the development
of MS. An insight into the roles play by T cells, B cells,
natural killer cells, and dendritic cells in MS and the
animal model experimental autoimmune encephalomyelitis, will be presented. Understanding the mechanisms
of action for current therapeutic modalities should help
developing new therapeutic tools to treat this disease
and other autoimmune diseases.

GENERAL FEATURES OF MULTIPLE
SCLEROSIS
The basic pathology of MS was recognized almost 150
years ago by Charcot who described a disease caused by
sclerotic plaques in the central nervous system (CNS) of
those affected[1]. There were other reports describing the
pathology before this time, but failed to recognize it as a
distinct disease[2]. It is reasonable to believe that MS has
been prevalent also before these descriptions, as the disease often arises early in life[3]. Today, we know that MS is
a chronic inflammatory, autoimmune, demyelinating and
degenerative disease of the CNS[4]. Substantial discoveries have been made regarding its therapeutics, pathogenesis and genetics. Yet, there is no cure and no recognized
definite cause, be it genetic, microbial or environmental.
Although no definite cause of MS has yet been identified,
substantial amounts of research point to a dual multifactorial influence of both genetics and environmental elements contributing to the development of the disease[5,6].

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Multiple sclerosis; Experimental autoimmune encephalomyelitis; Chemokines; Chemokine receptors; Glatiramer acetate; Central nervous system; T
cells; B cells; Natural killer cells; Dendritic cells
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Genetic factors
The genetic component was first described after family
studies were performed, with a family recurrence rate of
about 20%-33%, and about 10-12 fold risk increase in
first degree and three folds in second degree relatives[7,8].
For siblings or children of patients with MS, the overall
risk was estimated to be 3%-5%[9], but twin studies show a
higher risk (25%) if the sibling is a monozygotic twin[10,11].
The first risk allele to be identified was the human
leukocyte antigen (HLA) class Ⅱ haplotype HLA-DRB
1501 in the early 1970’s[12], which is also the allele with the
strongest association with the disease[13]. The road to discovering additional alleles was complicated and hampered
by insufficient methods[4,14]. In recent years large genome
wide association studies (GWAS) using single nucleotide polymorphisms and comparing diseased to healthy
individuals have made it possible to identify numerous
alleles associated with MS with sufficient power and
significance, most of these with low to modest MS risk
association[5,15]. Researchers with the help from a huge
GWAS consortium[13] identified over 50 susceptible loci,
many of which are associated with the immune system,
including genes encoding receptors for interleukin (IL)-2
and IL-7[15]. Other genes important for cytokine pathways
include CXCR5, IL-12A, IL-12β, IL-12Rβ1 among others associated with the cytokine tumor necrosis factor α,
as well as genes associated with co-stimulatory molecules
such as CD80, CD86, CD37 were also described. GWAS
studies have even identified risk association with genes
that are important for current and new MS therapies including IL-2Rα (daclizumab) and VCAM1 (natalizumab),
as well as genes related to environmental risk factor vitamin D3[13]. Such knowledge while adding new information
supports much of what is known about MS pathogenesis.
Still, further research into these risk alleles is needed to
improve our understanding of their associations with the
disease.

as by individual exposure to sunlight[18]. Sunlight is the
main source of human vitamin D3 through conversion
of 7-dehydrocholesterol to previtamin D3 in the skin,
and through further metabolic steps to active hormone
1,25-Dihydroxyvitamin D3[19]. It was also shown how
vitamin D3 intake may reduce the risk of MS because
of latitude dependent deficiency, for instance in communities which consume higher amounts of vitamin D3
rich fish[20]. These studies also point out the difficulties
of such concepts, as confounding factors may be quite
prevalent. There is also association with the experimental
autoimmune encephalomyelitis (EAE) model, an animal
model for MS, as dosing of 1,25(OH)2D3 prevented the
disease[21,22]. These effects may be induced by vitamin D3
on the adaptive immune system not yet fully understood.
Definite effects of supplementing patients with vitamin
D3 have not yet been shown, but some studies indicate
that serum concentrations of vitamin D3 may affect disease severity[19]. However, this field is quickly developing,
and is being investigated for possible future prospects,
for instance in preventing MS[23].
Another risk factor with strong association to MS is
Epstein Barr virus (EBV) infection[24,25]. A major finding
was that individuals who were seronegative for EBV had
very low, almost no risk of acquiring MS when compared
to seropositive individuals[24]. However, those patients
who at some point infected with EBV are not necessarily at risk of developing MS[6]. Further, there was an
increased risk of MS if a history of infectious mononucleosis and a temporal increase of EBV antibodies serum
titers were present[26], and that MS patients were more
often infected with EBV at later ages when compared
to controls[27]. It has been hypothesized that EBV may
mimic myelin basic protein (MBP) pathogenic antigens
by presentation on HLA-DRB1*1501, hence, providing
links to both environmental and genetic risk factors[28].
Although the association with MS is well investigated, the
role of EBV in its pathology remains uncertain. However, EBV infection and mononucleosis as a priming or initiating factors for developing MS are seemingly likely[24].
Finally, many other factors have shown association with
increased MS risk but are in need of further research to
be conclusive. These include cigarette smoking, a diet
rich in saturated but low in polyunsaturated fats, sex
hormones, and socioeconomic status, among others[18,29].
Viruses other than EBV have also been implicated in the
etiology of MS[30].

Environmental factors
While family studies support a genetic association, they
also show that genetics alone are not enough to develop
MS, as shown by homozygous twins not both acquiring
disease, even though one of them is diagnosed with MS.
Other information supporting environmental effects
include the geographic increase of MS with increasing
latitude[16], and how individuals migrating from low-risk
to high-risk areas acquire higher susceptibility if the migration occurs during childhood. Hence, the incidence of
developing MS correlates with the risk in areas of childhood residence[4]. Additionally, studies have shown risk
association during months of birth as spring births have
higher risk of MS than autumn births[17].
Several environmental factors have been investigated.
One hypothesis is that vitamin D3 deficiency increases
the risk of MS, as increased latitude is also correlated
with lower blood vitamin D3 levels. For instance, ecological studies showed the amount of exposure to sunlight
was inversely correlated with the risk of MS, both by
regional distribution and association with altitude, as well
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CLINICAL OBSERVATIONS
Natural history
Patients with MS show a wide variety of symptoms
caused by lesions in the CNS affecting motor, sensory, visual or even autonomic functions. Lesions appear mainly
in the white matter, but also appear in the grey matter.
Hence, symptoms show great heterogeneity in both interand intra-individually ranging from slight tingling in the
fingers to extreme fatigue or complete monocular loss
of sight, depending on the lesion(s) localization[4]. Com-
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Role of T cells
The role of T cells has always been considered central in
MS pathogenesis, much due to the experimental animal
model EAE, but also due to the strong genetic association with HLA class Ⅱ genes[5]. EAE is a widely used
animal model for MS, and is induced by immunizing mice
or other rodents with myelin peptides, or by adoptively
transferring myelin-reactive T-cells[6]. Hence, they cause
a T cell mediated acute autoimmune reaction against myelin in the rodents CNS, with signs and symptoms that
are similar to those seen in MS. The cellular pathogenesis
of MS is however, more complicated than this[40]. For a
long time auto-reactive CD4+ T cells secreting interferongamma (IFN-γ), were thought to be the main mediators
of the inflammation causing MS lesions[4]. Further research suggests numerous other cell types and cell subsets
are also involved, with key roles assigned to T helper 17
(Th17) cells[41]. These T cells secrete the pro-inflammatory cytokines IL-17, IL-6 and are regulated by IL-23[42,43].
It is commonly believed that disease occurs when these
inflammatory cells and/or other cell types become deregulated and a transition from physiological surveillance
to a pathological immune response occurs[4,30].
Since EAE is considered a model of acute inflammation, it has been used to explore what cells are important for this process. It was shown in mice with EAE
that CD4+ Th17 cells are necessary to develop EAE[44].
Studies of lesions from MS patients confirmed an overwhelming presence of CD4+ cells secreting IL-17 in
active lesions. However, in MS lesions both CD4+ and
CD8+ cells express IL-17[45]. Chemokine receptor CCR6
expressed on Th17 cells facilitates transport through
the choroid plexus into the CSF and perivascular space
by interacting with CCL20/MIP-3α expressed on endothelium [46]. Th17 cells may also produce GM-CSF
promoted by resident antigen presenting cells (APCs)
secreting IL-23, which then initiates a positive feedback
loop as the same APCs are stimulated by GM-CSF[30,47,48].
Th17 cells may further increase permeability of the BBB
by disrupting the endothelial tight junctions due to the
secretion of IL-17 and IL-22, and through interactions
with endothelium allowing further attraction of CD4+
subsets as well as other immune cells. Consequently, initiating pathological cascade of inflammation, perivascular
infiltrates and damage to neurons and glia cells[30,45]. One
identified damaging molecule is Granzyme B secreted
by the same Th17 cells[49]. However, to gain access into
the parenchyma, the cells must traverse the glia limitans.
This is thought to be mediated by perivascular APCs and
macrophages secreting matrix metalloproteinases (MMP)
2 and MMP-9 which are gelatinases able to cleave dystroglycan, a transmembrane receptor anchoring astrocytes
end feet to the parenchymal basement membrane. When
mice were knocked down for MMP-2 and MMP-9, they
became resistant to EAE as T-cells became trapped in
perivascular space[50]. In summary, this cascade may be
viewed as a stepwise model, with an initial attraction and
migration of Th17 cells into the CSF and perivascular
spaces, and later increased permeability of the BBB al-

monly, the patients present with a clinically isolated syndrome (CIS), followed by serial sub-acute relapses with
varying time intervals. The number of annual relapses
and time intervals between them varies among patients,
but more than 1.5 relapses/year is a rare occasion[4]. Not
all patients have subsequent disease activity after a single
CIS, but risk of another episode is increased if white
matter lesions are detected by MRI[31]. Between relapses
the patients revert spontaneously to normal or near normal neurological function. This clinical subtype of MS
is referred to as RR MS, and most patients are present
with this form of MS[30]. The clinical course may later
convert to a more progressive stage in about 65% of the
patients, with fewer or no relapse activity and increasing
irreversible disability. Patients have a mean age of about
40 years when they enter this stage, referred to as secondary progressive (SP) MS[32,33]. A minority of patients (about
10%-15%) may present with progressive disability and no
relapsing activity, this is called primary progressive (PP)
MS[34]. This subtype usually has a later onset than RRMS,
at a mean age of around 40 years[33].
Patients with MS experience decades of disease
and eventual progression. Due to many complications
which occur alongside increased disability, the average
life expectancy is reduced by about 5-10 years, and has a
median time of 30 years between onset and death[35]. It
remains to be seen whether current or future therapeutic
methods may extend the time until irreversible disability
occurs.

ROLE OF IMMUNE CELLS IN MS
The blood brain barrier
An important finding in MS lesion is the disruption of
the blood brain barrier (BBB), and hence a basic understanding of this barrier is essential to understand the
pathogenesis of the disease[36]. The BBB is a functional
and anatomical barrier separating the blood from neurons
in the CNS. It consists of both the vascular wall, CNS astrocytes covering these with glia limitans, and the perivascular space in between[37]. The BBB has several important
functions vital for the brain to function properly, including maintenance of proper ionic concentrations through
dynamic regulation. The BBB may be viewed as a concept
rather than an actual barrier. Even though the word barrier has a certain static ring to it, the BBB is rather dynamic
allowing for instance immunological surveillance[38,39]. Lesions occur when leukocytes migrate into the brain and
inflammation ensues. This is a two-step process, involving an initial migration across post-capillary venules into
perivascular space, and further migration through the glia
limitans into the brain parenchyma[37]. The perivascular
space allows normal immunosurveillance by monocytes,
as this space also serves as the brains’ lymphatic drainage[37]. There are at least two additional routes for leukocytes to enter the CNS, as shown by accumulation of immune cells at these sites in animal models, which include
the blood-cerebrospinal fluid (CSF) barrier in the choroid
plexus, and through meningeal arteries[39].
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Table 1 Chemokines receptor expression on T cells and T cell clones isolated from MS patient
Receptor

Main role

+

Ligands

CD4 subsets
Th1

CXC family
CXCR1
CXCR2

I
I

CXCL6, CXCL7, CXCL8
CXCL1, CXCL2, CXCL3, CXCL5, CXCL6,
CXCL7, CXCL8
CXCL9, CXCL10, CXCL11
CXCL12
CXCL13
CXCL16
CXCL11, CXCL12

CXCR3
CXCR4
CXCR5
CXCR6
CXCR7
CC family
CCR1

I
C
C
I
D

CCR2
CCR3

I
I

CCR4
CCR5

D
I

CCR6
CCR7
CCR8
CCR9
CCR10
Other
XCR1
CX3CR1

D
C
I
D
I

CCL3, CCL5, CCL7, CCL8, CCL15, CCL16,
CCL23
CCL2, CCL7, CCL8, CCL13, CCL16
CCL5 ,CCL7, CCL11, CCL13, CCL15, CCL24,
CCL26, CCL28
CCL17, CCL22
CCL3, CCL4, CCL5, CCL8, CCL11, CCL14,
CCL16
CCL20
CCL19, CCL21
CCL1, CCL16
CCL25,
CCL27, CCL28

I
D

XCL1, XCL2
CX3CL1

I

PBL-74

Th2 Naive Unact Act

H

PBL-78
Unact

Act

CSF-25
Unact Act

CSF-26
Unact Act

H

M

H

M

H

M

H

H
H

H
M

H
L

M

H
H

H
M

L

L

H
M

M
H

H
H
H

H

M

M

L

H
H
L

L

Data adapted from Høglund et al[53], Maghazachi[90], Zlotnik et al[117] and Sallusto et al[118] . I: Inflammatory; C: Constitutive; D: Dual activities; Unact: Unactivated; Act: Activated; PBL: Peripheral blood lymphocytes; CSF: Cerebrospinal fluid. H: High expression; M: Medium expression; L: Low expression.

lowing additional inflammatory cells access, and later
a complete disruption of the BBB with damage to the
CNS occurs, resulting in active lesions and potential
clinical exacerbation of the disease[25,30].
Although our understanding of how inflammation
may be initiated has increased with the advent of the
Th17 hypothesis, much remains to be discovered of
how T cells and other cell types are recruited into the
CNS during inflammation. It is known that chemokines
are important for recruiting these cells across the BBB.
Chemokines are classified into subfamilies, consisting of
CXC, CC, C and CX3C. While some are constitutively
expressed, others are up-regulated during inflammation[51]. In MS lesions, chemokines expressed on postcapillary venule endothelial walls and bind chemokine
receptors expressed on T cells, allowing extravasation.
Chemokine concentration gradients in tissues allow the
cells to be further guided towards the sites of inflammation[52].
We explored the role of chemokine receptors expression, which include CCR1, CCR2, CCR3, CCR4, CCR5,
CCR6, CCR7, CCR9, CCR10, CXCR1, CXCR3, CXCR4,
CXCR5 and CXCR6 on four T cell clones isolated from
the blood or CSF of MS patient who was treated with
the drug glatiramer acetate (GA). We observed that only
four chemokine receptors warranted further study. These
were CCR4, CCR5, CCR6 and CXCR3[53]. The fact that
all four clones from both peripheral blood and CSF expressed similar patterns of chemokine receptors could
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be due to migration of the same clones from blood into
the CSF, plausibly using CCR5 or CCR6 for entry (Table
1). When these cells were activated, all chemokine receptors expression with the exception of CCR4 was markedly reduced. The migration pattern corresponded well
with the expression of receptors observed, with reduced
migration observed when receptors were reduced or no
longer expressed. Similarly after activation, migration
towards chemokines was less robust. These observations
support the hypothesis of diminished effects of GA due
to inflammation and premature activation of GA-reactive
cells. As migration into the CNS is a necessary step of
the bystander suppression hypothesis[24], knowledge of
how these cells migrate into the CNS is important in order to possibly enhance the effectiveness of this drug.
These results could in part explain why aggressive
immunosuppression followed by maintenance therapy is
very effective. Such combination therapy is relatively new
to MS treatment, but has been used in other autoimmune
diseases. Inspired by this, researchers applied combination
therapies which resulted in a better outcome for RRMS
patients. Several combinations have been tested, some
show more promise than others. It was for instance described how patients treated with a short induction of mitoxantrone followed by longer term GA therapy showed a
reduction in new relapses compared to GA alone, as well
promising results regarding gadolinium enhanced lesion
load[54-57]. This suggests possible synergistic effects among
these drugs. Mitoxantrone is a powerful immunosuppres-
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in MS pathogenesis is the presence of immunoglobulins
such as immunoglobulin G1 in the CSF, as detected by
isoelectric focusing or gel electrophoresis in as many
as 95% of diagnosed patients. Although myelin reactive antibodies have been detected, their relevance is not
certain[25], much like the role of antigens. In MS lesions,
there have been findings of both immunoglobulin and
complement which may suggest a pathogenic role[75,76].
Additionally, B lymphoid follicles, T cells and APCs were
identified in the meninges of patients at later stages of
MS (SPMS but not PPMS)[76,77]. B cells may contribute to
the pathology through antigen presentation, cell interactions or production of immunoglobulins from plasma
cells, although B cell activity may represent a response
to the autoimmune reaction, rather than to a primary inducer[25].
In EAE, the antigens responsible for the disease have
been described. By immunizing the animal with myelin
proteins such as MBP, proteolipid protein or myelin
oligodendrocyte glycoprotein (MOG), disease can be induced[78]. In humans, such common antigens remain unknown in spite of several attempts to identify them[25,30].
Several candidate antigens are being or have been investigated, but no single candidate has been targeted as the
one responsible. Myelin or peptides derived from myelin
were thought to be good candidates due to the similarity
between EAE and MS, but the responses to these antigens have proven to be unspecific and may suggest that
several antigens are involved and/or an extensive epitope
spreading occurring after initiation of the disease[30,41,79].
One recently suggested antigen is αβ-crystallin, which
contrary to previous candidates is not present in human
myelin, but rather is detected in early active MS lesions,
and patients have antibodies against it in their CSF[6].
When the gene encoding αβ -crystallin was knocked
down in mice, a more intense inflammatory EAE with
higher cytokine load occurred[80]. This suggests a protective role that may be disrupted by a pathogenic immune
response. Another candidate not directly associated with
myelin is neurofascin, expressed on neuronal axons. As
antibodies have been detected in patients with MS, this
may contribute to axonal damage[81].

sive drug that is approved for treatment of RRMS and
secondary progressive MS (SPMS) in the United States. By
suppressing inflammation induced by autoreactive T cells
such as Th17 and/or Th1, this drug may pave the way for
GA-reactive cell migration into the CNS upon reconstitution of the immune system. This way, the cells may mediate their bystander suppression without being impeded by
an inflammatory environment. However, while initial studies of this showed important clinical efficacy, further studies are warranted in order to determine whether this treatment regimen is better suited than newer therapies such as
alemtuzumab and other future immunomodulators.
The presence of inflammatory T cells in perivascular
space and parenchyma triggers recruitment of more T
cells, as well as B cells, dendritic cells, microglia and natural killer (NK) cells. The cytokines secreted may by themselves cause damage to the surrounding tissues[58]. Complement depositions, opsonization and local activation
of microglia and macrophages causing demyelination[59],
and neuronal cell death are few examples of the effects
of cytokines[60]. Axonal damage is also present[61,62], and
the degree of this was associated with abundance of
microglia and CD8+ T cells[63]. Clonally expanded CD8+
T cells are present usually at the lesion edge, as well as in
the perivascular infiltrates, indicating a specific antigen
response and also possibly responsible for damages to
neurons through cell dependent cytotoxicity[64-67]. It was
also demonstrated that clonal γδ T cells are present in MS
lesions[68]. When the lesion acute phase is over, removal
of cellular debris starts, and simultaneously remyelination
occurs within the MS plaque. A minority of the patients
(about 20%) show more abundant remyelination[69].
In addition, a study showed that MS patients had a
significant loss of effector function in the regulatory
CD4+CD25+ subset of T cells (Treg), when compared
to healthy individuals[70]. Another study showed reduced
frequency of this subset in general as well as reduced expression of transcription factor FOXP3[71]. Although circulating numbers may be the same in patients and healthy
individuals, the suppressive potential of Treg cells in MS
patients was reduced[72]. Interestingly, these T cells were
also able to produce IL-17 when stimulated with APCs
in the presence of IL-2 and IL-15[73], but retained their
suppressive abilities dependent on the surrounding cytokine environment[74]. Although this regulatory subset may
inhibit auto reactive T cells, it is not certain where such
inhibition may occur[41].
Finally, it may be that MS is not initially caused by the
adaptive immune system at all, but rather as a response to
an intrinsic CNS neurodegeneration, indicating that inflammation may follow initial axonal degeneration caused
by a currently unknown factor. This is supported by the
fact that progression of disease is mainly caused by the
amount of lost neurons[30]. In addition, there seems to
be a correlation between age at onset than initial clinical
course on the disease progression[33].

Role of NK cells
NK cells are large granular lymphocytes that possess the
ability to spontaneously lyse target cells without a prior
sensitization[82]. NK cells also have immunoregulatory
features, including secretion of cytokines, chemokines
and cell to cell contact[83,84]. Functionally, these cells are
important in immune responses to viral infections as well
as controlling tumor growths[85,86]. The activities of these
cells are regulated by activating and inhibitory receptors,
which by intracellular integration of challenges and inhibitions determine the cell course of action[87]. NK cells
recognize and are activated by cells that are in distress by
detecting stress induced ligands on target cells through
natural cytotoxicity receptors, such as NKp30, NKp44,
or NKp46, and the C-type lectin receptor NKG2D,
among others[87,88]. In healthy cells however, activating

Role of B cells
The most obvious argument for B cells being involved
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Anti-inflammatory
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IL-5, IL-10, IL-13
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Granzyme B
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Figure 1 Natural killer cells influence multiple sclerosis pathogenesis in both protective and exacerbating ways. Lysis of either auto-reactive cells or antigen presenting
cells (APCs) may protect the central nervous system (CNS) from damage. Stimulation of protective Th2 or Treg cells may also encourage an anti-inflammatory environment.
On the other hand, stimulation of APCs or auto-reactive cells may have opposite effects. IL: Interleukin; TNF: Tumor necrosis factor; IFN: Interferon; NK: Natural killer.

in lymphoid tissues of the gastrointestinal tract[94], or
NK17/NK1 cells secreting IL-17 and IFN-γ when stimulated with IL-2[95].
The role of NK cells in autoimmune diseases is being investigated, and is highly debated as both positive
and negative associations have been observed[96-99]. In
the EAE model, depletion of NK cells resulted in a
severe relapsing EAE, and more pronounced CNS pathology[100-103]. This suggests protective effects for NK
cells, especially since the depletion was associated with
increased CD4+ T cell activity and hence, may be associated with direct killing of these cells[88,104]. Also in EAE,
mice deficient in the chemokine receptor CX3CR1 had
more severe EAE. This receptor is necessary for the recruitment of NK cells into the CNS, providing evidence
showing that NK cell infiltrating into the CNS represents an important event in ameliorating and controlling
the disease[105]. In the same mice there were increased
responses from Th17 cells locally in CNS, suggesting

factors are held in equilibrium by inhibiting signals. NK
cells express numerous receptors that inhibit activation,
including members of the killer-cell immunoglobulin-like
receptor (KIR) family that interact with HLA-I molecules
and CD94-NKG2A that interact with HLA-E. In the absence of these “self ” ligands, NK cells are activated and
consequently, kill target cells[89].
In human blood, NK cells constitute about 2% to
18% of the total circulating lymphocytes[90,91], and can
be classified into subsets based on expression of surface
receptors. CD16+CD56- constitute about 85%-90% of
circulating NK cells, are highly cytotoxic but produce
little cytokines, while CD16-CD56+ cells are less cytotoxic
but effective cytokine producers[92]. NK cells may also
be classified based on their cytokine expression. Similar
to Th1/Th2 subsets, these cells were divided into NK1
expressing IFN-γ, or NK2 expressing IL-5 and IL-13[93].
Further research divided these NK cells into even smaller
subsets, recognized as NK22 secreting IL-22 and found
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a plausible role for NK cells in curbing these cells[106].
Conflicting with these results, it was found that depletion
of NK cells in MOG-induced EAE actually ameliorated
the disease[107]. Additionally, by stimulating NK cells to
produce IFN-γ, these cells may also cause inflammation
in part by stimulating Th1 cell response[108,109]. These findings represent detrimental effects of NK cells eliciting
inflammatory lesions and exacerbating the inflammatory
response. Much of the confusion regarding conflicting
findings may be attributed to failure to recognize different effects by different subsets, which should encourage
further investigation into this field.
The functional activity of NK cells is variable and is
generally lower in MS patients than in healthy individuals[110]. Periods of reduced NK cell numbers in the blood
was associated with a higher relapse tendency after. The
same study also found a correlation between high mean
NK cell activity and total lesion load determined by
MRI[111]. As reduced numbers of NK cells were thought
to be mediated by migration into tissues including the
CNS, this could indicate a pathological role for NK cells.
However, it could also be viewed as a risk factor for new
attacks due to reduced activity of NK cells. In a more
recent study, researchers found a reduced number of
CD8lowCD56+CD3-CD4- cells in untreated patients with
CIS, when compared to healthy controls[112].
Along these associations, there have been speculations
as to how exactly NK cells mediate their effects, be it positive or negative. One suggested pathway was interactions
between NK cells and dendritic cells[97,101]. The cognate
and non-cognate interactions among NK cells and DCs
have been previously described. Activated NK cells are
also able to kill immature (i) DCs, but mature (m) DCs
are spared. How and where these cells interact are not
clear, but it was hypothesized that such interactions may
occur in inflamed tissues. Our work on the effects of GA
on NK cells in MS patients and healthy individuals shows
that GA influences this cross-talk between DCs and NK
cells. Consequently, we hypothesized that this may impede
antigen presentation to auto reactive T cells (Th17 or
Th1), and may further reduce inflammation. We described
that NK cells stimulated in vitro with GA became more
cytotoxic towards autologous and allogeneic iDCs and
mDCs[113]. Furthermore, we described how NK cells from
EAE mice treated with GA were more cytotoxic than NK
cells isolated from EAE mice treated with vehicle alone,
which was associated with ameliorating the disease[114].
While these findings support a mechanism of action for
GA on NK cells, it had to be further addressed in humans
with in vivo exposure to the drug. Consequently, we examined the activities of NK cells and DCs in MS patients
receiving the drug GA for one year. In this study, we compared the cytotoxicity levels before treatment with those
observed after treatment. We demonstrated that NK cells
isolated from GA-dosed MS patients had significantly
increased cytotoxicity against K562 tumor cells. Trends
of significantly increased cytotoxicity were also observed
against both iDC and mDC in the same patients[115]. In
summary, it seems that GA increases the cytotoxic activity
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of NK cells when compared to pretreatment levels. The
increased cytotoxicity correlated well with the elevated
expression of activating NK cells cytotoxicity receptors.
Figure 1 represents our current knowledge regarding the
role that NK cells might play in MS.

CONCLUSION
The evidence for a complex immunopathology has become ever clearer with the reveal of numerous genes
associated with the immune system carrying risk of
developing MS, novel cell subsets being discovered and
shown to possibly be related to the pathogenesis, and
knowledge of how disease modifying therapies (DMT)
target several immune cells rather than single subsets. All
of this call for continuous bedside-to-bench research into
how the newer DMTs enhance, inhibit or modulate the
immune system of patients resulting in a better clinical
course than without such treatment. The introduction
of the new oral therapeutics teriflunomide (Aubagio®),
fingolimod (Gilenya®) and dimethyl fumarate (Tecfidera®),
all with incomplete understandings of their mechanisms
of action on the immune system, will be particularly interesting to follow in this regard.
So far, research into how immune cells act in MS
patients, EAE models and in vitro have primarily focused
on single subsets or categorically on either adaptive- or
innate immune cells. Recent knowledge of NK cells may
belong in a grey area between these traditional groupings challenges this concept[116]. For instance, while our
own research focused on the interactions between NK
and dendritic cells, similar interactions between NK and
B cells would be of interest, as B cells also have antigen presenting abilities. NK cells also have the ability to
modify or lyse T cells, and hence investigations into how
these cells interact in MS patients or in the EAE model
could improve our understanding of the regulation or
dysregulation the immune systems of MS patients.
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anemia receiving blood transfusions and 15 healthy
subjects were included in the study. Anemic subjects
were divided into three subgrouP: (1) those that received up to five blood transfusions (n = 14); (2) those
that received from five to ten transfusions (n = 11);
and (3) those that received more than ten transfusions
(n = 14). Blood samples were collected by venous arm
puncture and stored in tubes containing heparin. The
plasma and cells were separated by centrifugation and
subsequently used for analyses. Statistical analyses
were performed using Kruskal-Wallis analysis of variance followed by Dunn’s multiple comparison tests
when appropriate.

Abstract

CONCLUSION: Our data reveal that changes in OS
markers are correlated with levels of labile plasmatic
iron and ferritin and the number of transfusions.

RESULTS: The eletrophoretic hemoglobin profiles of
the subjects included in this study indicated that no
patients presented with hemoglobinopathy. Labile plasmatic iron, ferritin, protein carbonyl, thiobarbituric acidreactive substances (TBARS) and dichlorofluorescein
diacetate oxidation were significantly higher (P < 0.05),
whereas total thiol levels were significantly lower (P <
0.05) in transfused subjects compared to controls. Additionally, the activity of catalase, superoxide dismutase
and glutathione peroxidase were significantly lower in
the transfused subjects (P < 0.05). Antioxidant enzyme
activities and total thiol levels were positively correlated
(P < 0.05), and negatively correlated with the levels
of protein carbonyl and TBARS (P < 0.05). In contrast,
protein carbonyl and TBARS were positively correlated
(P < 0.05). Altogether, these data confirm the involvement of OS in patients following therapy with repeated
blood transfusions.

AIM: To determine the plasmatic iron content and
evaluate the oxidative stress (OS) markers in subjects
receiving blood therapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Thirty-nine individuals with unspecified
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in the formation of lipid peroxides and protein carbonyls, damaged deoxyribonucleic acid bases, and mitochondrial dysfunction[13]. Additionally, individuals with an iron
overload demonstrate impaired antioxidant defenses[6].
Accordingly, the long-term consequence of chronic iron
overload is organ injury, which could contribute to the
initiation and development of several metabolic disorders, such as endocrinopathies, diabetes mellitus, cirrhosis, hypogonadism and heart failure[14].
In general, oxidative damage of biomolecules can be
counteracted by enzymatic as well as non-enzymatic defenses. Indeed, humans have several biologic mechanisms
to defend against intracellular OS. One of the most important mechanisms involves the actions of antioxidant
enzymes, such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx)[15]. In spite of a
well-developed antioxidant defense system, cells can still
be oxidatively damaged under some pathologic conditions[11].
Data concerning labile iron accumulation in anemic
subjects receiving repeated blood transfusions and the
association with oxidative damage markers are scarce in
the literature. We hypothesize that OS correlates with
LPI in anemic patients following therapy with repeated
blood transfusions. In this study, we evaluated OS markers and the activity of enzymatic antioxidant defenses in
the blood of patients receiving repeated transfusions and
in control subjects (not transfused). Additionally, we determined the LPI and ferritin levels in these subjects and
correlated both parameters with other evaluated markers.

Oxidative stress; Polytransfused subjects
Core tip: Here, the readers will find important information regarding iron accumulation and its correlation with
oxidative damage markers in anemic subjects following
blood therapy. This research, regarding iron accumulation and its associated toxicology is remarkable because the mechanism(s) involved in its mode of action
are not fully understood. Thus, our data are extremely
important for research concerning the involvement of
iron overload on the development of human diseases.
Fernandes MS, Rissi TT, Zuravski L, Mezzomo J, Vargas CR,
Folmer V, Soares FAA, Manfredini V, Ahmed M, Puntel RL. Oxidative stress and labile plasmatic iron in anemic patients following blood therapy. World J Exp Med 2014; 4(3): 38-45 Available
from: URL: http://www.wjgnet.com/2220-315X/full/v4/i3/38.htm
DOI: http://dx.doi.org/10.5493/wjem.v4.i3.38

INTRODUCTION
Iron is an essential element of cells that participates in
various cellular processes due to its ability to accept and
donate electrons, interconverting between Fe3+ and Fe2+
forms[1]. However, this redox property renders iron potentially toxic in biologic systems. The labile plasmatic
iron (LPI) component of non-transferrin-bound iron is
redox-active, chelatable and capable of permeating into
organs to induce tissue iron overload[2]. Thus, LPI is an
accessible diagnostic marker of iron overload and cell
toxicity[2]. Moreover, LPI can participate in the Fenton
reaction and generate a large amount of reactive oxygen
species (ROS)[3]. To prevent ROS overproduction, circulating and intracellular free iron are tightly regulated
by binding to transferrin, ferritin and other proteins[4,5].
However, the iron balance can be disrupted in some
situations, such as with chronic anemia, repeated blood
transfusions, and following increased gastrointestinal absorption, which lead to iron overload[6]. Therefore, subjects undergoing repeated blood transfusions are at risk
of iron-associated toxicity[7].
Elevated tissue iron can overwhelm protective mechanisms and lead to an increase in iron complexes with
small molecules, such as nucleotides and citrate, in the
serum of transfusion patients and also within cytoplasm
and organelles[8,9]. Furthermore, repeated blood transfusions increase the levels of iron available to generate
catalytically active complexes, free radicals and oxidative
damage[9]. Thus, LPI promotes free radical formation that
culminates in the oxidation of biomolecules. Accordingly,
iron overload in humans and in experimental animals
is associated with oxidative stress (OS)[10]. Indeed, it is
known that an imbalance in the oxidant/antioxidant status of the cell is associated with OS, leading to important
cellular macromolecule modifications and cell damage[11].
The cell injury observed in patients with iron overload is
attributed to OS[12]. Hence, the oxidation reactions result
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MATERIALS AND METHODS
Chemicals
1,1,3,3-tetramethoxypropane, 2-thiobarbituric acid, sodium dodecyl sulfate, 5,5’-dithiobis-(2-nitrobenzoic acid),
trichloroacetic acid, 2’,7’-dichlorodihydrofluorescein diacetate (DCHF-DA), and 2,4-dinitrophenylhydrazine, were
purchased from Sigma (St. Louis, MO, United States).
The kit for iron determination was obtained from BioSystems Corp. (Beloit, WI, United States), kits for measuring SOD (RANSOD) and GPx (RANSEL) were purchased from Randox Laboratories Ltf. (Crumlin, United
Kingdom), and the Total Protein kit for protein determination was obtained from BioClin (Delft, Netherlands).
All the other chemicals were commercial products of the
highest purity grade available.
Subjects
This study was approved by the Ethics Committee in
Research of Universidade Federal do Pampa. Altogether,
39 individuals with unspecified anemia receiving blood
transfusions and 15 healthy subjects (blood donors) from
the Banco de Sangue do Municipio de Uruguaiana were
included in the study. Since most of our patients were
male, the female patients were excluded from this study.
Thus, both anemic and control healthy individuals were
male. Anemic individuals were included in the study
if they were diagnosed according to the International
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tion, was determined as described by Levine et al[21]. Plasma samples were added to 0.2 mL of 10% trichloroacetic
acid and placed on ice for 5 min. After centrifugation (5
min), samples were incubated for 90 min at 37 ℃ with 1
mL of 10 mmol/L 2,4-dinitrophenylhydrazine in 2 mol/
L HCl. Finally, proteins were dissolved in 6 mol/L guanidine and interference was removed after washing with
ethanol-ethyl acetate 1:1 (v/v). The extent of the damage
was estimated by reading absorbance at 370 nm. The results are expressed as nmol carbonyl/mg protein.

Classification of Diseases (anemia unspecified, ICD 10:
D64.9), and were not diagnosed with other diseases, such
as cancer, renal failure, hepatic disease, blood loss or
others. Additionally, anemic patients had received blood
therapy during the year prior to collection (i.e., no more
than 12 mo from the first transfusion until sample collection). Additionally, it is important to mention here that
the sample collection was done before a new transfusion, namely clinical screening. The anemic subjects were
divided into three subgrouP: (1) those that received less
than five blood transfusions (n = 14); (2) those that received from five to ten blood transfusions (n = 11); and (3)
those that received more than ten blood transfusions (n =
14).

Determination of thiobarbituric acid reactive substances
levels
Levels of thiobarbituric acid reactive substances (TBARS)
in plasma were determined using the method described
by Ohkawa et al[22]. In brief, samples were incubated in
acidic medium containing 0.45% sodium dodecyl sulfate
and 0.6% thiobarbituric acid at 100°C for 60 min. After
centrifugation, the reaction product was determined at
532 nm using a 1,1,3,3-tetramethoxypropaneas standard
and the results are expressed as nmol malondialdehyde/
mg protein.

Sample collection
Blood from controls and anemic subjects was collected
by venous arm puncture and stored in tubes containing
heparin. The plasma and cells were separated by centrifugation at 1500 r/min for 10 min and were subsequently
used for biochemical analyses. All biochemical assays
were done in duplicate or triplicate, depending on availability of samples.

Total thiol determination
Plasmatic total thiol was determined as described by Ellman et al[23]. The colorimetric assay was carried out in 1
mol/L phosphate buffer (pH 7.4) and calculated against
a standard curve constructed with glutathione. Total thiol
content is expressed as nmol total thiol/mg protein.

Analysis of hemoglobin
The electrophoretic analysis of hemoglobin was performed using a Minicap system (Sebia, Norcross,
France) according to the manufacturer’s instructions,
and controls were run with each test. The Minicap system uses the principle of capillary electrophoresis in free
solution. Charged molecules are separated by their electrophoretic mobility in an alkaline buffer with a specific
pH. Separation also occurs according to the electrolyte
pH and electro-osmotic flow. Electropherograms were
expressed with zones divided from Z1 to Z15 based on
standardizing the location of hemoglobin as previously
described[16].

Determination of DCHF-DA oxidation
The determination of intracellular oxidant production
was based on the cleavage of DCHF-DA to DCHF,
which fluoresces when oxidized by ROS according to
previously described methods[24]. The plasma sample was
diluted (1:10) in 10 mmol/L Tris-HCl buffer. Then, 50
µL of diluted plasma was incubated with 10 µmol/L
DCHF-DA at 37 ℃ for 20 min. The fluorescence emission at 520 nm was measured using a Perkin-Elmer spectrofluorometer with an excitation wavelength of 488 nm
and an emission wavelength of 520 nm. The results are
expressed as arbitrary fluorescence units.

Measurement of LPI
LPI refers to non-heme bound, non-ferritin bound and
non-transferrin-bound iron (i.e., free iron) according to
the previously validated convention[17]. The LPI content
was determined by its reactivity with ferrozine, in the
presence of the denaturant sodium dodecyl sulfate and
the reducing agents ascorbate and sodium metabisulphite,
as previously described[18,19]. The results are expressed as
µg/dL.

CAT activity
CAT activity was measured by the method previously described[25]. Packed erythrocytes were hemolyzed by adding
100 volumes of distilled water, then 20 μL of this hemolyzed sample was added to a cuvette and the reaction was
started by the addition of 100 μL of freshly prepared
300 mmol/L H2O2 in phosphate buffer (50 mmol/L, pH
7.0) to give a final volume of 1 mL. The rate of H2O2
decomposition was measured by a spectrophotometer at
240 nm for a duration of 2 min. The CAT activity is expressed as UI/mg protein.

Ferritin
Ferritin content was determined as described by Bernard
and Lauwerys[20]. Serum ferritin causes agglutination of
latex particles coated with anti-human ferritin that is
proportional to the concentration of ferritin and can be
measured by turbidimetry. The results are expressed as
µg/L ferritin.

SOD activity
SOD activity was measured in erythrocytes using
a RANSOD kit, which uses xanthine and xanthine

Protein carbonyl determination
Protein carbonyl content, which is indicative of oxida-
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Additionally, we found that the number of transfusions
was significantly correlated with LPI and ferritin levels (P
< 0.05) (Table 2).
The OS markers TBARS (Figure 1A), protein carbonyl (Figure 1B) and DCFH-DA oxidation (Figure 1C) were
all significantly higher in transfused subjects compared to
the control group (P < 0.05). However, total thiol levels
were significantly lower in subjects receiving more than ten
transfusions compared to controls (P < 0.05) (Figure 1D).
The activity CAT and GPx were significantly lower in
subjects receiving five or more transfusions compared to
controls (P < 0.05) (Figure 2A and C). SOD activity was
significantly lower in subjects receiving more than ten
transfusions compared with controls (P < 0.05) (Figure
2B). Furthermore, significant negative correlations were
observed between the number of transfusions and the
activity of these antioxidant enzymes (P < 0.05) (Table 2).
Additional correlations were found between LPI
levels and OS markers (P < 0.05), with the exception of
DCDH-DA oxidation (Table 2). LPI and ferritin were
negatively correlated with antioxidant enzyme activities
and total thiol, and positively correlated with carbonyl
and TBARS levels (all P < 0.05). Indeed, it was found
that antioxidant enzyme activities were positively correlated with total thiol levels, and negatively correlated with
the levels of protein carbonyl and TBARS (P < 0.05). In
contrast, protein carbonyl and TBARS levels were positively correlated (P < 0.05).

Table 1 Subject characteristics
Characteristics

Controls
(n = 15)

Transfusions
<5
(n = 14)

Age (yr)
40.1 (20–50) 62.8 (24–92)
Number of
0 (0)
3.20 (2–4)
transfusions
Hemoglobin
13.8 ± 0.5
7.5 ± 2.1
(g/dL)
Labile iron
108.9 ± 13.8 149.2 ± 45.1
content (µg/dL)
Ferritin (µg/L) 219.6 ± 18.2 190.3 ± 11.7

5-10
(n = 11)

> 10
(n = 14)

64.8 (49–84)
7.17 (5–9)

57.5 (24–74)
18.78 (14–26)

6.75 ± 0.5

4.9 ± 0.9

216.2 ± 68.3a

366.9 ± 68.5a

221.2 ± 16.1

277.5 ± 27.5a

Values are presented as median (range), or mean ± standard deviation; aP
< 0.05 vs control.

oxidase to produce superoxide radicals that react with
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazol chloride to form formazan red. The SOD activity was measured by the degree of inhibition of this reaction at 505
nm and is expressed as UI/mg protein.
GPx activity
GPx activity was determined in erythrocytes using the
RANSEL kit according to the method previously described[26]. The GPx activity is expressed as UI/mg protein.
Protein determination
The protein content was determined by the biuret method using the Total Protein kit with bovine serum albumin
as a standard. The copper ions in an alkaline medium
(biuret reagent) react with peptide, producing a purple
color, whose intensity is proportional to the concentration of proteins in the samples being measured in a spectrophotometer at 545 nm.

DISCUSSION
Our data are in accordance with a previous study showing
that the increase in LPI content could lead to an increase
in ROS generation, and consequently an increase in oxidative damage[12]. Additionally, based on data concerning
hemoglobin profile, we discarded hemoglobin disorders
in these individuals. These data are extremely important
to avoid misinterpretations, as it was previously shown
that any imbalance between α and β chains of hemoglobin (α or β-thalassemia, respectively) plays a crucial
role in OS[27]. Besides, there are data linking the observed
levels of the various biomarkers evaluated in this study
to health outcomes, such as in renal failure[28] and breast
cancer[29].
Taking into account our results and those previously
found, it is plausible to assume that under blood transfusion therapy, the excess of labile (catalytically active) iron
must generate free radicals via Fenton chemistry, resulting in oxidative damage to biomolecules in vivo[30]. Our
assumption is further supported by a previous report
showing that iron-catalyzed ROS generation leads to
an increase in the genomic instability in hematopoietic
progenitor cells[31]. Moreover, it was shown in animal
models that iron overload causes liver damage via both
oxidative and nitrosative mechanisms[32]. Indeed, we assume that under repeated blood transfusions, the iron
content increases to values that overwhelm the protective
mechanisms, leading to an increase in the amount of iron
available to form complexes with small molecules, the

Statistical analysis
All results are reported as median (range) and presented
as box-plot graphics for the different grouP of patients.
Hemoglobin, LPI and ferritin levels are presented as
mean ± SD deviation. A Shapiro-Wilk test was performed to assess the normality of data distributions, and
Kruskal-Wallis analysis of variance followed by Dunn’s
multiple comparison tests were used when appropriate.
Spearman’s correlational analyses were also performed
between variables. For all analyses, we used a GraphPad
Prism 5.0 software, and a P < 0.05 was considered significant.

RESULTS
Patient characteristics are presented in Table 1. Electrophoretic analyses indicated that all subjects had normal
hemoglobin profiles (data not shown). As expected, LPI
and ferritin levels were higher in the transfused subjects.
Specifically, subjects receiving five or more transfusions
had significantly higher LPI levels (P < 0.05), and patients
receiving more than ten transfusions had significantly
higher ferritin levels (P < 0.05) compared to controls.
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Table 2 Spearman’s correlations between biochemical and oxidative markers in polytransfused subjects

Transfusion number
Total thiol
Carbonyl
DCHF-DA oxidation
TBARS
CAT
SOD
GPx
Ferritin

LPI

Ferritin

GPx

SOD

0.8569b
-0.4151b
0.5583b
-0.1291
0.4984b
-0.7266b
-0.6085b
-0.7973b
0.9112b

0.7991b
-0.3354b
0.5122b
-0.0049
0.4144b
-0.5944b
-0.5744b
-0.7144b
-

-0.8796b
0.4830b
-0.5613b
0.0370
-0.4638b
0.8945b
0.7443b
-

-0.7103b
0.4849b
-0.3713b
-0.0446
-0.3113b
0.7251b
-

CAT

TBARS

-0.8143b
0.5401b
-0.4862b
-0.0401
-0.3457b
-

0.5114b
-0.2790b
0.5208b
-0.2293a
-

DCHF-DA Carbonyl
oxidation
0.0111
0.0106
-0.0627
-

0.5793b
-0.1164
-

Total thiol
-0.5555b
-

P < 0.05, bP < 0.001 vs DCHF-DA oxidation. CAT: Catalase; DCHF-DA: 2’,7’-dichlorodihydrofluorescein diacetate; GPx: Glutatione peroxidase; LPI: Labile
plasmatic iron; SOD: Superoxide dismutase; TBARS: Thiobarbituric acid-reactive substances.
a

B

TBARS

a

a
a

200

100

8
6
a

a

4
2
0

ns
fu
s
ns
tra
10

>

5-

<

10

5

tra

tra

ns

ns

fu
s

io

io

io

ns

ns

ro
l
Co

io
fu
s
ns
tra
10

D

DCHF-DA oxidation

40

nt

ns

ns
io
>

5-

<

10

5

tra

tra

ns

ns

fu
s

fu
s

Co

io

nt

ns

ro
l

0

C

a

Protein carbonyl

10

fu
s

nmol MDA/mg protein

300

nmol carbonyl/mg protein

A

Total thiol

2.0

io
ns

ns
io

sf
us

fu
s

tra
n

ns

10

0

tra
>

>

<

10

5

tra
n

tra
n

sf
us

Co
nt

io
ns

io
ns
tra
n

10
5-

<

5

tra
n

sf
us

sf
us

Co

nt

io
ns

ro
l

0.0

51

0

0.5

io
ns

10

a
1.0

sf
us

20

1.5

ro
l

a

a
AFU

nmol total-SH/mg protein

a
30

Figure 1 Oxidative stress markers in transfusion patients. A: Thiobarbituric acid-reactive substances (TBARS); B: Protein carbonyl; C: 2’,7’-dichlorodihydrofluorescein diacetate (DCHF-DA) oxidation; and D: Total thiol levels in controls (n = 15), those receiving < 5 transfusions (n = 14), 5-10 transfusions (n = 11), and > 10
transfusions (n = 14); aP < 0.05 vs controls.

“catalytically active iron complexes”. Thus, we assume
that the ROS generated are responsible for the oxidation
of DCHF-DA found in the transfused subjects, which
is supported by a previous report showing that overload
with iron (ferric nitrilotriacetate) leads to an increase in
DCHF-DA oxidation in cultured rat hepatocytes[33].
Interestingly, we found some changes in the OS parameters even in the absence of significant iron accumulation, suggesting that alterations in OS markers could
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precede iron accumulation in patients following blood
therapy. Accordingly, it seems logical that the differences
in other parameters, such as hemoglobin and ferritin levels, could potentially contribute to the different oxidative
state among patients. Thus, it is difficult to affirm that
iron alone is the primary factor responsible for these differences. This point is extremely relevant and deserves
further attention in future investigations.
The results of this study also show that levels of
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TBARS significantly increased in subjects receiving blood
transfusions, which was positively correlated to LPI content, ferritin content and the number of transfusions.
These findings are in accordance to previous reports
showing that the levels of lipid peroxidation products
were increased in β-thalassaemic patients receiving blood
transfusions[19] and in subjects with hepatic iron overload[6]. Moreover, we found a significant increase in the
protein carbonyl in the subjects receiving repeated blood
transfusions, which was correlated with LPI content. Additionally, our data are in accordance to a previous paper
showing a significant increase in the protein carbonyl
content associated with iron overload[33].
A significant reduction in total thiol levels was found
in the subjects receiving repeated blood transfusions,
which is consistent with a report showing a decrease in
thiol content in the liver of rats treated with iron[34]. Albeit not completely understood, we believe that thiols are
oxidized (consumed/used) in these subjects due to OS
status following iron overload. Another possibility is that
the iron could react non-enzymatically with thiols in plasma to generate ROS, which directly leads to reduction of
antioxidant capacity in plasma and the increased susceptibility of blood components to oxidation[35]. Thus, this
thiol-dependent free radical generation by iron overload
might be a potential contributing factor for the changes
in the oxidative markers reported here. Our assumptions
are supported by a study showing that oxygen radicals
can be produced by iron-catalyzed auto-oxidation of
cysteine or glutathione[36]. Therefore, the generated ROS
(either by Fenton chemistry or by iron-catalyzed autooxidation of thiols) may be responsible for the oxidation
of other biomolecules reported here, such as lipids and
proteins.
The results of the present study demonstrate a
marked decrease in antioxidant enzyme activity in the
subjects with iron overload, which is consistent with previous reports[30,33]. Moreover, enzyme activities were negatively correlated with LPI, TBARS and protein carbonyl
levels. In line with this, we presume that the decrease in
the enzymatic activity of antioxidants further contributed
to the OS condition. Indeed, Chakraborty et al[19] showed

WJEM|www.wjgnet.com

that the decrease in antioxidant enzymes strongly contributes to an increase in OS markers (TBARS, protein
carbonyl and ROS). Although our data do not support
this supposition, we hypothesize that a decrease in the
antioxidant enzymes reported here could, at least in
part, be due to a decrease in their expression. Indeed,
it was previously shown that both CAT and GPx were
downregulated under OS conditions in human cells[37].
However, the mechanisms regulating the expression of
antioxidant enzymes under iron overload remain to be
explored in more detail.
Our data confirms the involvement of OS in patients
following therapy with repeated blood transfusions. Additionally, we found that the changes in the OS markers are
correlated with iron content, ferritin and the number of
transfusions. Thus, iron chelators that efficiently decrease
the levels of labile iron are candidates to counteract the
iron-induced ROS generation[38]. However, more studies are necessary to better understand the mechanism(s)
associated with iron-induced oxidative changes, to minimize the side effects associated to blood transfusion
therapy, and to provide some clinical benefits. As antioxidant supplementation is not entirely safe and may cause
unfavorable effects to different patients, more discussion
on its potential benefits is warranted[39].
In conclusion, our data confirm the involvement of
OS and its correlation with LPI and ferritin in unspecified anemic patients following therapy with repeated
blood transfusions. However, we found some alterations
of OS markers even in the absence of significant iron
accumulation, which encourages us to further explore
the changes in the OS parameters that occur before iron
overload in subjects receiving blood therapy.
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statistical techniques are suitable or correct; (3) Only homogeneous
data can be averaged. Standard deviations are preferred to standard
errors. Give the number of observations and subjects (n). Losses
in observations, such as drop-outs from the study should be reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page,
Abstract, Introduction, Materials and Methods, Results, Discussion, Acknowledgements, References, Tables, Figures, and Figure
Legends. Neither the editors nor the publisher are responsible for
the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent property of Baishideng Publishing Group Co., Limited, and may not be reproduced
by any means, in whole or in part, without the written permission
of both the authors and the publisher. We reserve the right to copyedit and put onto our website accepted manuscripts. Authors should
follow the relevant guidelines for the care and use of laboratory animals of their institution or national animal welfare committee. For
the sake of transparency in regard to the performance and reporting of clinical trials, we endorse the policy of the ICMJE to refuse
to publish papers on clinical trial results if the trial was not recorded
in a publicly-accessible registry at its outset. The only register now
available, to our knowledge, is http://www.clinicaltrials.gov sponsored by the United States National Library of Medicine and we encourage all potential contributors to register with it. However, in the
case that other registers become available you will be duly notified.
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Telephone and fax: Telephone and fax should consist of +, country number, district number and telephone or fax number, e.g., Telephone: +86-10-85381892 Fax: +86-10-85381893

A letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/esps/. Authors are highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS
(http://www.wjgnet.com/2220-315X/g_info_20100722180909.
htm) before attempting to submit online. For assistance, authors encountering problems with the Online Submission System may send
an email describing the problem to wjem@wjgnet.com, or by telephone: +86-10-85381892. If you submit your manuscript online, do
not make a postal contribution. Repeated online submission for the
same manuscript is strictly prohibited.

Abstract
There are unstructured abstracts (no less than 200 words) and structured abstracts. The specific requirements for structured abstracts
are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/…”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, e.g., 6.92 ± 3.86 vs 3.61 ± 1.67,
P < 0.001), and CONCLUSION (no more than 26 words).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Title page
Title: Title should be less than 12 words.

Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Running title: A short running title of less than 6 words should be
provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

Text
For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, XuChen Zhang, Li-Xin Mei, Department of Pathology, Chengde Medical College, Chengde 067000, Hebei Province, China. One author may
be represented from two institutions, for example, George Sgourakis,
Department of General, Visceral, and Transplantation Surgery,
Essen 45122, Germany; George Sgourakis, 2nd Surgical Department,
Korgialenio-Benakio Red Cross Hospital, Athens 15451, Greece

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in
the main text. Provide a brief title for each figure on a separate page.
Detailed legends should not be provided under the figures. This part
should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art image. Scale bars
should be used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself. File names
should identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes in atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is
our principle to publish high resolution-figures for the E-versions.

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Supportive foundations: The complete name and number of supportive foundations should be provided, e.g., Supported by National
Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, affiliation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor
of Medicine, Chief, Liver Center, Gastroenterology Division, University of California, Box 0538, San Francisco, CA 94143, United
States. montgomery.bissell@ucsf.edu
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Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP <
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, cP < 0.05 and dP < 0.01 are used.
A third series of P values can be expressed as eP < 0.05 and fP < 0.01.
Other notes in tables or under illustrations should be expressed as

III

August 20, 2014|Volume 4|Issue 3|

Instructions to authors
1

F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration,
each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

sion, insulin, and proinsulin in participants with impaired glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]
Both personal authors and an organization as author
5
Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.ju.
0000067940.76090.73]
No author given
6
21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7
Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: S93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.s2.7.x]
Issue with no volume
8
Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]
No volume or issue
9
Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability[1,2]”. If references are cited directly
in the text, they should be put together within the text, for example,
“From references[19,22-24], we know that...”
When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.
PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g.,
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be used in E-version
of this journal.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450
Author(s) and editor(s)
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2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34
Conference proceedings
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Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's computational effort statistic for genetic programming. In: Foster JA,
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Electronic journal (list all authors)
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Style for journal references
Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the initial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, BoRong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, BoRong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1
Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative contrast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World J Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg.13.
6356]
Chinese journal article (list all authors and include the PMID where applicable)
2
Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3
Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2006; In press
Organization as author
4
Diabetes Prevention Program Research Group. Hyperten-
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as
2
χ (in Greek), related coefficient as r (in italics), degree of freedom
as υ (in Greek), sample number as n (in italics), and probability as P (in
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tor. If you have any questions about the revision, please send e-mail
to esps@wjgnet.com.

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-315X/
g_info_20100725073806.htm.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor language polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-315X/g_info_20100725073726.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Responses to reviewers
Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wjgnet.com/2220-315X/
g_info_20100725073445.htm.
Proof of financial support
For papers supported by a foundation, authors should provide a copy
of the approval document and serial number of the foundation.

STATEMENT ABOUT ANONYMOUS
PUBLICATION OF THE PEER REVIEWERS'
COMMENTS

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same time
the manuscript is published online.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15
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of charge.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited. The
revised version, along with the signed copyright transfer agreement,
responses to the reviewers, and English language Grade A certificate (for non-native speakers of English), should be submitted to
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