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Abstract

Objective: This study examined the levels of a major regulator of neuronal survival, brain derived neurotrophic
factor (BDNF) in two populations: individuals with multiple sclerosis and chronic fatigue syndrome. BDNF is a protein
involved in the maintenance and maturation of both peripheral and central neurons. In patients with multiple
sclerosis, BDNF expression is often decreased and believed to reflect ineffective repair mechanisms. As a
preliminary exploration, we examined the production of BDNF on the part of peripheral blood mononuclear cells in
three groups: patients with Chronic Fatigue Syndrome (CFS [n=15]), patients with multiple sclerosis (n=57), and a
set of putatively healthy controls (n=37).

Methods: Mononuclear cells were extracted from peripheral blood samples and cultured for 48 hours. Production
of BDNF was evaluated from phyto-haemagglutinin (PHA) and phorbol-12-myristate-13-acetate (PMA) stimulated
and unstimulated cells. BDNF levels were determined using a commercially available enzyme linked immuno
absorbent assay (sensitivity: 62.5-4,000 pg/mL).

Results: Both CFS and MS samples displayed nearly identical levels of BDNF, levels that were 25 percent of that
displayed by the healthy control sample. For unstimulated cells, the BDNF values were 404.71 pg/ml for the CFS
sample, 573.33 pg/ml for the MS sample and 1,114.15 pg/ml for the control sample. For stimulated cells, the BDNF
values were 442.55 pg/ml for the CFS sample, 367.33 pg/ml for the stimulated MS sample, and 1432.24 pg/ml for
the stimulated control sample.

Conclusion: The decreased production of BDNF on the part of MS patients is consistent with the literature.
However, the decreased production in those with CFS was unexpected and a novel finding. This finding could reflect
a reduced ability to maintain neuronal structure and function in those with CFS. Future studies are needed to
evaluate for neuronal damage in those with CFS.
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Nerve growth factors; Neutrophic protein may share some etiologic similarity with CFS [9].

X Multiple Sclerosis is a chronic, degenerative neurologic disorder
Introduction evolving from progressive destruction of the myelin sheath, resulting
in a loss of nerve propagation. The destruction of myelin occurs as the
result of an autoimmune process in which immune components attack
myelin in the central nervous system [10]. The initiation and
perpetuation of this pathogenic process is believed mediated by
disruptions in the production of certain immune proteins known as
cytokines. Of particular note is that the most common symptom
displayed by those with MS, is fatigue [11]; a pronounced sense of
fatigue that can have pervasive effects on quality of life and functional
ability. MS-related fatigue is the leading contributing factor to
disability with independent adverse effects on quality of life [12].
While the prevalence of fatigue and its effects on activities of daily
living in the MS population are well documented, the causative
mechanisms underlying fatigue remain unclear.

Chronic Fatigue Syndrome (CES) affects approximately one million
Americans, at a cost of billions of dollars to the economy [1].
Emerging evidence suggests the immune system is involved in the
pathogenic process of chronic fatigue syndrome [2-5]. While many
studies have attempted to clarify the role of the immune system in
CFS, little has been accomplished in terms of developing a consensus
opinion as to the precise nature of immunologic dysfunction. Immune
abnormalities such as low Natural Killer (NK) cell count and
dysfunction, along with an imbalance in type I and type II immune
response have been suggested, however a great deal of heterogeneity
still exists within the CFS literature [6-8]. A guide to future research
may be found in work done with Multiple Sclerosis (MS), a neurologic
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Several potential mechanisms may underlie MS-related fatigue.
States of psychological distress/stress have been found associated with
fatigue with evidence pointing to the possibility of shared causative
pathways [13,14]. Heightened psychological stress may be associated
with the expression of pro-inflammatory cytokines that are also
correlated with fatigue and disease symptomatology. For example, the
expression of messenger RNA for the pro-inflammatory cytokine
tumor necrosis factor alpha (TNF- a) has been found associated with
fatigue in individuals with MS [15] as well as with perceived stress.
This cytokine working in conjunction with interferon-gamma (IFN-y)
is believed to be one of the operative players in the demyelinative
process. While psychological variables may contribute to fatigue
through mediation of immune function, it is just as possible that
increasing disease symptomatology could affect ambulative and
functional ability with end effects on fatigue. Although, clinical
experiences on the part of the lead author have revealed that while
patients with MS report significant fatigue, strength and reflex testing
during the neurologic examination often evidences no apparent
deficit. There may be pathogenic mechanisms leading to fatigue that
are distinct from those mechanisms affecting physical mobility. In
turn, the administration of immunomodulatory agents during the
treatment course can induce a pronounced sense of fatigue; most likely
through modulation of cytokine production. It then appears that
fatigue is at the very least, mediated by immunologic function.

Recently, evidence has emerged demonstrating close associations
between MS and CFS in terms of potential immunologic mechanisms
and symptom clusters [9]. Other findings have demonstrated the
presence of small white matter hyper intensities in the frontal lobes of
a subset of patients with CFS [16]. The presence of such lesions implies
the potential presence of immunologic dysfunction within the central
nervous system of those with CFS, perhaps similar to that found in
MS. In order to investigate the possibility of shared pathogenic
markers, this study examined brain derived neurotrophic factor in
those with MS and CFS.

Brain Derived Neurotropic Factor (BDNF) is a versatile protein,
classified as a member of the neurotrophin family of growth factors,
and is found throughout the central nervous system (CNS). It plays a
primary role in the formation of the developing nervous system, and
contributes to neural plasticity through adulthood. BDNF protein
expression has been associated with neural regeneration throughout
the body; indeed it is usually found wherever innervations are present.
An early animal study found evidence for widespread immuno-
activation of BDNF mRNA transcription in the central nervous system
(CNS), with concentrations in the lateral septum, bed nucleus of the
stria teminalis, medial preoptic nucleus, olivery pretectal nucleus,
lateral paragigan to cellular nucleus and the dorsal horn of the spinal
cord in adult rats [17].

BDNF is also produced by cells of the immune system. It is secreted
by Thl and Th2 lymphocytes and macrophages, and aids in the
growth of cells that may have become damaged by physical injury or
neurotropic pathogens. High levels of circulating cytokines in the
blood, as in the case of some patients with MS, are known to affect
circulating levels of BNDF [18]. This protein is a major component of
the neurotrophic theory of depression [19]. The down-regulation of
BDNF has been found to lead to neuronal atrophy within the
hippocampus, a finding that aids in explaining stress-induced
depression [20].

Recently, researchers have focused their attention on the potential
of therapeutic and diagnostic uses of BDNF, sometimes with

conflicting results. A study that focused on neural plasticity in adult
mouse models associated low levels of BDNF with the development of
depression [21]. A more recent cohort study examining the genetic
component of BDNF reported findings that did not indicate a major
influence in the development of depression [22]. Data from a study
examining neural lesions in patients with multiple sclerosis (MS)
reported that the concentration of BDNF immuno-positive cells were
positively correlated with demyelinating activity at lesion sites in the
central nervous system [23]. Also, brain derived neurotrophic factor
(BDNF) has been shown to be sensitive to exercise in both animal [24]
and human populations [25]. So far, very little research has been
conducted to examine the role of BDNF in CFS. A literature review
yielded only one study [26] that observed an increase of BDNF after an
exercise induced state of fatigue in mice. So far, no single clinical
standard or diagnostic tool has become available for this debilitating
disease. Considering the potential shared immunologic mechanisms
between MS and CFS, the study sought to determine the level of BDNF
in these disease states in comparison with controls.

Method

A total of 109 participants (Mean age =40.5, SD =13.9) participated
in the study. Three separate subgroups were included; 15 participants
who met diagnostic criteria for CES, 57 participants meeting the
McDonald criteria for MS [27], and 37 putatively healthy participants
who served as controls. Participants with CES were recruited from a
list of individuals who had previously participated in an
epidemiological study on CFS. All participants with CFS were
positively identified as meeting criteria for CFS [1] and were diagnosed
by a physician. All persons involved in the research study were at least
18 years of age, not pregnant, able to speak English, and physically and
willfully able to travel to the research center.

All patients with CFS in this study were screened by a licensed
physician. Medical examinations included general neurological and
physical assessments, as well as a more in-depth evaluation of medical
and neurological history. These measures were intended to assess the
symptoms, and medical history, of those with CFS in order to rule out
any co-occurring medical conditions. Additional medical information
deemed relevant to the study was collected to avoid medical confounds
for CFS diagnosis, including exposure to HIV/AIDS, tuberculosis, and
other non HIV/AIDS sexually transmitted diseases. Information on
prescribed and illicit drug use was also assessed and recorded. A
history of CFS symptoms was reported as a final measure. Laboratory
tests included a complete blood cell count with differential and platelet
count, chemistry screen (which assesses thyroid, renal, and liver
functioning), Hepatitis B, Lyme disease screen, erythrocyte
sedimentation rate, arthritic profile (which includes rheumatoid factor
and an-ti-nuclear antibody), HIV screen and urinalysis. A tuberculin
skin test was also performed. The project physician performed a
detailed medical examination to detect evidence of diffuse cardiac or
pulmonary  dysfunction, adenopathy, synovitis, neuropathy,
myopathy, or hepatosplenomegaly.

A convenience sample of male and female patients diagnosed with
MS was recruited from two outpatient neurology clinics. Subjects
treated with natalizumab, mitoxantrone or taking oral contraceptives
were excluded as were those receiving other immunomodulatory
therapies. All subjects were free of steroidal or other
immunosuppressant therapy for at least two months prior to
enrollment. Also excluded were subjects with current symptoms of
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cardiovascular, respiratory, or neoplastic disease, pregnancy, or non-
MS autoimmune disorders.

A control group (n=37) that was age and gender range (Mean age
43.5, SD=2.56) matched to the MS sample population was recruited as
part of a separate investigation. The control sample was comprised of
healthy individuals with no history of significant illness or injury. All
control subjects were free of current symptoms of cardiovascular,
respiratory, neoplastic or other autoimmune disorders. The study was
approved by the Institutional Review Boards of Loyola University
Medical Center, DePaul University and Edward Hines Jr. VA Hospital.

Peripheral blood collection

Peripheral blood was drawn into lithium citrate tubes and
processed within six to eight hours of sample procurement. Plasma
samples were obtained from blood collection tubes which were spun
for 20 minutes at 1000 X g, and plasma aliquots were pipetted directly
from each tube with Phosphate Buffered Saline used for volume
replacement. Afterward heparinized peripheral blood was overlaid
onto Ficoll/Hypaque and then centrifuged at 1000 X g for 20 min.
Cells at the interface were washed with Hank's Balanced Salt Solution
(HBSS) and enumerated with a standard hemacytometer.

PBMC’s (1 x 106) were cultured in RPMI 1640 plus 10% fetal
bovine serum  (supplemented with glutamine, penicillin,
streptomycin), with (stimulated) and without (constitutive) a mixture
of phyto-haemagglutinin (PHA) and phorbol-12-myristate-13-acetate
(PMA) (PMA @ 20 ng/well; PHA @ 0.05%/well) in 24 well plates for
48 hr at 379C. After 48 hours, aliquots of supernatant fluid were
collected and stored (-70°C) until analyzed. BDNF levels were
determined using commercially available kits purchased from R&D
Systems (Minneapolis, MN).

Data analysis

All data were initially screened and analyzed descriptively.
Demographic (age, gender) and clinical variables were analyzed to
determine possible independent effects of these variables on immune
profiles. All data were coded and entered into a spreadsheet workbook
created in Microsoft Excel; data were also entered in SPSS Version 18.

Data entries were compared between Microsoft Excel and SPSS to
ensure correct entry. All data analyses were conducted using SPSS
Version 18. The alpha level determined prior to analysis was p=0.05.
All data prior to the conduction of the analysis were examined for the
presence of outliers. In general, an outlier was considered to be a value
that lay outside two standard deviations from the mean. Any such
outlying values were excluded from analysis. A mixed ANOVA was
performed to examine for differences between cell conditions and
subject groups. For all statistical analyses performed; Levine’s test for
equality of variance was applied prior to conduction of t-tests for
independent samples. To compare the production between groups,
serial t-tests for independent samples were performed with the
Bonferroni correction.

Results

Mixed effect analysis

Using mixed ANOVA analysis, there was no significant constitutive
(unstimulated)/stimulated effect [F(1,106) =2.34, p=.13, partial np2 = .
02]. However, there were both significant condition [F (2, 106) =
23.04, p < .00, partial np2 = .30] and interaction [F (2,106) =35.7,p <.
00, partial np2=.40] effects. For the stimulated condition, the control
group was significantly higher than the CFS [t (106) = 4.97, p<.001]
and MS [t (106) = 7.76, p<.001] groups; however, there were no
significant difference for the CFS and MS groups [t (106 =0.40, p=.69].

Level of Constitutive (Unstimulated) PBMC production of
BDNF

The mean level of BDNF produced by PBMC placed in cell culture
for 48 hours (unstimulated) and derived from subjects with CFS was
404.71 pg/ml (SD=313.02). The level for subjects with MS was slightly
higher with a mean of 573.33 pg/ml (SD = 405.81). These mean values
were 25 percent of the level of BDNF produced by control subjects (M
= 1114.15 pg/ml, SD = 808.66) (Figure 1). Control group levels were
significantly higher than the CFS [t (106) = 4.08, p<.001] and MS [t
(106) = 4.5, p<.001] groups; however, there were no significant
difference between the CFS and MS groups, t (106) = 1.02, p=.31.
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Level of Stimulated PBMC production of BDNF

The mean level of BDNF produced by PBMC placed in cell culture
for 48 hours and stimulated with PMA/PHA for those with CFS was
442.55 pg/ml (SD = 323.39), which was slightly greater than levels
produced constitutively. For the MS sample, the mean level of BDNF
was 367.33 pg/ml (SD= 241.87), which was significantly less than that
produced constitutively [t (106) =5.29, p<.001]. Stimulated PBMC
derived from the control group produced a significantly higher mean
level of BDNF (1432.24 pg/ml, SD = 1054.99) than the unstimulated
condition [t (106) =6.58, p<.001]. In the CFS sample, there were no
significant differences between the stimulated and constitutive
conditions [t (106) =0.50, p=.62].

Discussion

These results demonstrate PBMC from patients with CFS or MS
produce similar levels of BDNF, and these levels are significantly less
than that of healthy control subject PBMC. Lower levels of BDNF have

been found in other MS samples [23,28]. However this study is the
first to find comparable lower levels among patients with CFS.

In those with MS, fatigue has been found associated with brain
lesion. Overall measurements of brain lesion (load) are correlated with
fatigue scores with lesions in particular being found in the frontal and
parietal regions of the brain [29]. Interestingly, these areas are also
found to exhibit lesions in select individuals with CFS [16] and are
regions of the brain associated with cognitive function. Not only do
patients with MS and CFS share fatigue as a leading symptom, there
are often cognitive deficits associated with each condition.

In a population experiencing work associated burnout, serum levels
of BDNF were found to be significantly lower than those of a healthy
control comparison group. In that study, no differences were found in
terms of cortisol levels using a suppression test. It is then possible that
low levels of BDNF may be associated with symptoms of altered mood
and cognitive function [30].
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In a murine model of CFS, decreased expression of BDNF in the
central nervous system was found associated with hippocampal
apoptosis and brain atrophy. These decreases were concomitant with
decreases in daily activity and weight loss [31]. An intriguing finding
emerged from a study using a murine model of MS (experimental
autoimmune encephalomyelitis [EAE]), in which exercise was found
to increase the level of BDNF in the central nervous system along with
an attenuation of disease severity [32]. It is then apparent that there
are ties between the expression of BDNF and exercise. In a human
population, decreased levels of BDNF were found at baseline in those
with MS as compared to controls. These levels were increased at week
four of an exercise intervention, but returned to baseline four weeks
later. An acute exercise intervention decreased BDNF levels in both
controls and patients with MS during a three hour post-exercise
period [33].

The finding of decreased BDNF in individuals with MS is not
unexpected [23,28], and may possibly be due to a lack of CD40
markers [23]. The decrease in peripheral BDNF may be reversible
through the administration of therapeutic agents in individuals with
MS [28,34-36]. The direct administration of cells over-expressing
BDNF into the central nervous system of EAE mice has been shown to
lead to a less severe form of EAE [37]. The increased levels of BDNF
may then have a neuroprotective effect [38] and prevent cellular
apoptosis [39]. In turn, BDNF may mediate the release of other
immune proteins in the periphery [40]. Murine work has
demonstrated the presence of CNS lesion can result in a decrease in
the expression of BDNF, leading to a decrease in reparative
mechanisms [41]. A similar finding has been demonstrated in human
subjects with MS, finding decreased BDNF secretion within the brain
to be associated with an increase in disease duration [42].

Other work has found a relative increase in BDNF concentrations
on the part of MS patients as compared with controls and those with
other neurologic disease states [43]. It is also possible that the
particular isoform of BDNF may vary, with MS patients displaying
lower levels of mature BDNF in serum [44].

Considering the increasing body of literature demonstrating
disruption of immunologic pathways in individuals with CFS [2,3,45],
it is important to investigate other potential disease correlates. In a
murine model of CFS, a polyphenolic activator (Resveratrol) has been
found to increase hippocampal size and improve daily running [46].
The findings from this study and the present provide evidence for
BDNF in the pathogenic process of CFS.

Limitations

As an initial pilot study, the CFS sample size was relatively small. It
will be beneficial for future studies to examine for the presence of
neurotrophins in a larger sample. Also, as this was a pilot study, the
focus was on BDNF and other neurotrophins were not evaluated.
Examining for the presence of other such proteins may provide
additional evidence in relation to the disease process.

Conclusion

The decreased production of BDNF on the part of MS patients is
consistent with the literature. However, the decreased production in
those with CFS was unexpected and a novel finding. This finding
could reflect a reduced ability to maintain neuronal structure and
function in those with CFS. Future studies are needed to evaluate for
neuronal damage in those with CFS.
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