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High aluminum levels in cerebrospinal fluid of
patients with neurodegenerative diseases

Abstract

Aluminum is the most abundant metal on earth. It is not known to have any biological
metabolism; conversely it has a toxic effect that has been related to several damages
including some neurodegenerative diseases. We sampledcerebrospinal fluid (CSF) in 141
patients with different chronic diseases, assessing the levels of aluminum contained. Our
aim was to assess differences in aluminum levels between neuro-degenerative and non-
neurodegenerative diseases. We found that patients with neurodegenerative diseases have
higher levels of aluminum in cerebrospinal fluid than other non-degenerative diseases.
These findings support previous descriptions of a chronic life-time aluminum accumulation
in CSF as an environmental contributor to the Patophysiology of neurodegeneration.
While aluminum and neurodegenerative diseases have already been correlated in previous
studies, this report is, to the best of our knowledge, the first that directly correlates levels
of aluminum in CSF with clinical status. Further investigation based on these findings has
to be done in order to determine if this correlation is causality of specific diseases. In the
meantime we encourage a wider sampling of aluminum (and other metals) in CSF in both
patients with a neurodegenerative disease and healthy population as well as the analysis of
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aluminum-containing products.

Introduction

Aluminum is the most abundant metal on earth and is not known
to have any biological metabolism in any living species.! On the
contrary, several studies have described its toxicity to the organic
system although the mechanism is not fully understood.>’ The
deleterious effect of this metal has been discussed for decades, the
first time 40 years ago in an animal model® with several studies linking
its presence in serum, cerebrospinal fluid (CSF) and central nervous
system (CNS) to several neurodegenerative diseases (ND) such as
Alzheimer’s disease (AD),>'* and Amyotrophic Lateral Sclerosis
(ALS).'>12 There have been previous correlations of other metals
metabolism and neurodegenerative diseases that encourage the study
of aluminum in CNS and its contribution in neurodegeneration.*’
The chronic accumulation of aluminum in the CNS is the principal
mechanism of toxicity proposed. In this process, small amounts of
aluminum ingested over the years accumulate in the brain tissue and
form deposits that activate apoptosis and promote degeneration that
leads to neuron loss. This toxic effect has been described with injected
and ingested aluminum in animal models by different authors!'*?$-32
and some factors have being described to determine the grade of
neurotoxicity, such as age and renal function.® Furthermore, there are
groups already testing ways to protect neuronal tissue from the effects
of aluminum.*3% Despite the evidence that links aluminum to CNS
damage, the controversy regarding the participation of aluminum
in the physiopathology of neurodegenerative diseases remains.
The fact that the aluminum industry has been and still is one of the
most profitable industries worldwide may contribute to this lasting
controversy. To support the hypothesis of aluminum contributing to
neurodegeneration, we assumed that a measurement in CSF that is
in direct contact and constantly exchanges substances with cerebral
tissue, would provide a more accurate proof of the accumulation of
aluminum in cerebral tissue. Furthermore, when correlating these
levels with other non-neurodegenerative diseases (as a control group)
and with the patients’ clinical status, the causality of aluminium can
be better accounted for.

Methods

After informed consent was given by the patient or their legal
guardian in accordance with the International Regulations of the
World Medical Association declaration of Helsinki, we sampled
CSF from 141 patients that were seeking autologous bone marrow
transplantation for a neurological disease. After skin sterilization
with not-stained Isozid-H® solution (Hexetidin, 2-Propanolol,
1-Propanolol), a lumbar puncture (L3-L4) was performed with a
22 Gauge Spinocan® (Fa. Braun) needle for adults. Two ml of CSF
were slowly withdrawn in a 2ml plastic syringe before the infusion
of bone marrow-derived mononuclear cells (BM-MNCs) into the
CSF. The syringe was closed using a plastic cap and immediately sent
to the laboratory (Synlab Labor Miinchen-Zentrum Medizinisches
Versorgungszentrum GbR). Aluminum levels were measured by a
Varian Graphite furnace atomic-absorption spectrometer (GFAAS)
with background signal correction based on the Zeeman Effect (Model
AA220 Z or Model AA280 Z with urine calibrators and controls) after
dilution with deionized water/Triton-X-100-Solution. The minimum
level of aluminum detected by this method was 2pg/l. Patient’s bone
marrow (BM) was harvested from the posterior superior iliac crest
and underwent a 30 minutes on-site cell separation with a closed
system (Sepax II*) that uses density centrifugation with a fixed
10% reduction rate.*® Samples of BM before separation (BMB) and
after separation (BMA) were also submitted for laboratory analysis,
where the number of CD34+ cells/ul was assessed according to the
ISHAGE guidelines® with the Stem-kit Beckman Coulter (single
platform principle with CD45FITC/CD34 PE detector). Vitality was
measured with 7-Aminoactinomycin D (7-AAD) dye by conventional
flow cytometer, which determines the integrity of the nuclei. The
number of leukocytes was determined by means of a conventional
flow cytometer. The concentration factors (CF) of CD34+ cells/ul and
leukocytes/nl were mathematically assessed resulting in the quotient
of BMA divided by the BMB value for each patient. The reduction in
vitality was determined with the same mathematical method. After
analyzing the distribution of aluminum in the complete sample, a
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cutoff point of 12pug/l was determined in or der to divide the sample
in two groups. The groups were compared to each other (groupbelow
12pg/1 and group over 12pg/l) using non-parametric test (Levene’s T
test for equality of variances and T test for equality of means, except
for the variables that did not show a normal distribution, in which case
we used the Wilcoxon-Mann-Whitney test). Confidence intervals of
95% were used, the null hypothesis was rejected when a significance
of p=0.05 was reached and when rejected, the test was considered
statistically significant. Regression models were performed to the
variables. Graphs were prepared and analyzed using the IBM SPSS
statistics software version 2.0.

Results

Detectable levels of aluminum were found in 86% of the patients.
We found that neurodegenerative diseases have higher levels of
aluminum in CSF (Dementia 41, 05pg/Lt, ALS 18, 04pg/Lt and
MS25, 9ug/Lt). Furthermore, the levels are statistically significantly
higher in neurodegenerative diseases than in other diseases (18, 49ug/
Lt vs 11, 08ug/Lt.p=0,023) (Figure 1). Higher levels of aluminum
were related to a less efficient response to treatment (“worse” in the
graphic) with BM-MNC. This result, however, cannot be considered
statistically significant (p=0.157) (14, 2pg/Lt vs 20, 09ug/Lt) (Figure
2). We divided the complete sample into two groups depending on
whether they were above or under 12pg/l aluminum levels in CSF. A
comparison was made between these levels in CSF and the number and
quality of mononuclear cells in the BM used for the transplantation. It
was found that lower levels of CD34+ (549, Scells/ul vs. 838,4cells/
pl) and low vitality (70, 05% vs 70, 3%) in the BM sample swere
related to higher levels of aluminum in CSF (>12pg/l) (p=0,005 and
p=0,018 respectively) (Figure 3 & 4) with statistical significance. The
group above 12pg/l also had a lower concentration capacity, which
shows when comparing the concentration factor of CD34+ before
and after the closed centrifugation. This group also displayed a higher
reduction in vitality compared to the group with less than 12pg/l
(Figure 5 & 6). Finally, regarding the cell values in the BM, the group
with more than 12pg/l aluminum in CSF was also significantly related
to higher levels of leukocytes in the BM (p=0,001) (Figure 7).
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Figure | Statistical significant higuer mean level of aluminum in CSF in
patients with neurodegenerative diseases compared to patients with non
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Figure 2 Patients with higuer mean levels of aluminum in CSF responded less
efficiently to the treatment with BM-MNC (“worse”).

900,0
p=0,005
838,4

800,04

700,04

600,0]

549,5

Mean CD34+ in BM after separation
process

500.0~
<12 >12

Aluminum in spinal fluid (micrograms per liter)

Figure 3 An empirical cutoff point in the sample was made (12 micrograms
per liter). Patients with aluminum in CSF under 12 had higuer counts of
CD34+ cells in BM (bone marrow) in the sample taken after the separation
process of the cells.
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Figure 4 An empirical cutoff point in the sample was made (12 micrograms
per liter). Patients with aluminum in CSF under 12 had higuer vitallity in
the CD34+ cells of the BM (bone marrow) in the sample taken after the
separation process of the cells.
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Figure 5 An empirical cutoff point in the sample was made (12 micrograms
per liter). Patients with aluminum in CSF under 12 had a higuer concentration
factor after separation process.
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Figure 6 An empirical cutoff point in the sample was made (12 micrograms
per liter). Patients with aluminum in CSF under 12 had less reduction in the
vitallity of CD34+ derived from BM (Bone Marrow) cells after separation
process.
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Figure 7 An empirical cutoff point in the sample was made (12 micrograms
per liter). Patients with aluminum in CSF under 12 had lower mean of
leucocytes in BM (bone marrow).
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Discussion

The fact that we have patients without aluminumin CSF (14%)
proves that our methodology of withdrawing the samples does not
influence aluminum levels at all; however, 86% of patients had
some trace of aluminum in the CNS. The patients are from different
regions in the world bringing us to the assumption that the contact
with aluminum may not be exclusively from work or specific local
diets, otherwise is pointing as a wide environmental presence in
several human activities. Previous reports and basic research in the
chemistry of aluminum had described none biological function of
aluminum in the organic systems. Therefore, we assumed that any
aluminum presence in the CSF is abnormal and potentially hazardous
to every person regardless of their diagnosis and health status.
There are descriptions of which levels of aluminum in serum would
be hazardous for a regular person in the case of acute intoxication,
which could eventually also be reflected in CSF. However, there are
no current descriptions of the minimal amount of aluminum in CSF
that could actually cause chronic damage; hence we determined a
level of 12ng/l in CSF as an empirical cutoff point for an extremely
deleterious effect, taking into account the mean of our sample as
a reference. It is important to stress that even though we took this
value as a reference point, it is hypothesized that even lower levels of
aluminum can cause deleterious effects in the organisms by starting
a cascade of neuron damage. Lack to improve the disease after
BM transplantation was associated with a tendency to have higher
levels of aluminum thought it did not reach statistical significance
(p=0.157). We therefore recommend further investigations of these
correlations using a better selected sample (Figure 2). A hypothesis on
this phenomenon is that a chronic accumulation of aluminum is not
limited to one tissue. As a consequence, not only the CSF is chronically
damaged but also other tissues in which deposits of metals or other
substances are probable, such as in the BM. We understand that since
aluminum was not measured in the BM its correlation with CSF do
not automatically allow conclusions for the participation of the BM
in the pathophysiology and the clinical status of a neurodegenerative
disease. Nevertheless, we can assume that high levels of aluminum
in CSF could also represent a complete body intoxication including
the BM causing low and abnormal production of stem cells and other
cells in the BM.

This abnormal and/or reduced production of stem cells in the
bone marrow would certainly interfere with the normal mechanisms
of the body to overcome an injury. This process has been previously
described to occur in the case of a neurological injury. In this case,
stem cells from the BM migrate to the site of injury in the CNS
and try to overcome the damage by different secretion factors and
through the activation of functions in the local neural stem cells.**#
This hypothesis should be further investigated. Supporting the above
mentioned, we found that low levels of CD34+ cells/ul and low
vitality in the BM are statistically significantly related to high levels
of aluminum in CSF, probably indicating an intoxication of the whole
organism. The CD34+ cells demonstrate the presence of hematopoietic
stem cells (HSCs) in the BM; the HSCs together with other BM-
MNCs, such as mesenchymal stem cells (MSCs), are the ones that
cause beneficial effects in neural tissue repair.*'* Furthermore,
patients with higher levels of aluminum in CSF are the ones with
lower levels of concentration factor for BM-MNCs and suffered a
greater vitality reduction after the separation process (Figures 6 &
7). This could reinforce the hypothesis that a poor quality of cells in
the bone marrow of more severely intoxicated patients makes BM-
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MNCs abnormally fragile and unable to support a minimal process of
manipulation such as concentration by a centrifuge.

Additionally, we found that high levels of aluminum are also
related to high level of leukocytes in the BM. The immune is
responding to the presence of aluminum in the body, which could
be consider a proof of chronic inflammatory reaction (Figure 6).
Based on these findings we can propose an additional pathogenic
mechanism of aluminum in neurodegenerative diseases. It is probable
that aluminum is one of the external factors that directly affect the
CNS but also the BM through the life-accumulation mechanism.
Several scientific groups have described that, among other functions,
the bone marrow serves to mobilize and migrate BM-MNC:s to injured
tissues so that they can participate in the repair process. In parallel to
these considerations, there are a number of recent studies that have
associated the development of several degenerative diseases with
a reduced number of circulating SCs in peripheral blood. This data
together provide a possible understanding of degenerative diseases
thatdo not just develop due to intrinsic cellular loss or external factors,
but also following an imbalance between cellular loss and tissue
renewal.*** supporting this hypothesis, in our cohort, patients that
have high levels of aluminum in CSF and therefore in neurons are
probably producing a strong signal to the BM asan attempt to renew
the damaged neurons with mobilization of SCs from the BM to the
injured site. This is why the BM should increase the production of
SCs and serve to explain the high content of CD34+ cells/ul in the BM
aspiration before separation.

However, the lack of migrating capacity or functional deficiency,
not measured but assumed by the low resistance to centrifuge, as well
as the drastic reduction ofCD34+ cells/ul after separation in patients
with high aluminum levels in CSF, probably cause an imbalance in
tissue renewal. This deficient production of SC may be linked to the
presence of aluminum in BM as an inflammatory factor, which means
that leukocytes production and other inflammatory factors are activated
and interfere in the migration capacity. These assumptions should be
further confirmed by sampling SCs levels in the peripheral blood and
BM of the same patient.*® Moreover, this analysis could identify BM
as another possible indirect biomarker in some neurodegenerative
diseases.

Conclusion

Aluminum in the majority of patients regardless of their clinical
diagnosis. Because of the toxic profile of aluminum, only aminimal
presence of aluminum in CSF constitutes a potential harm.
Furthermore, there is a clear prevalence of high aluminum levels
in patients with neurodegenerative diseases, as has been shown by
previous studies.®!13:1420283032 We  assumed that any aluminum
presence in the CSF was abnormal and potentially hazardous to every
person regardless of their diagnosis and health status. This study is
the first description of a statistically significant relationship between
high levels of aluminum in CSF and pathogenesis in humans with
neurodegenerative diseases. There is an urgent necessity to allocate
research funds supporting research on aluminum’s contribution to
neurodegenerative diseases. Furthermore, studies with larger samples
that include healthy control groups are needed in order to collect
more information on aluminum neurotoxicity in humans and the
development of diseases.

Furthermore, it seems that aluminum is not just causing specific
intoxication of one single organ, its wide action attacks also stem cells
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activity, destroying the basic mechanism of regeneration in humans
and ultimately life. Moreover, studies investigating possible treatments
for aluminum intoxication in CNS are necessary. A matter of fact is
that little is known about detoxification of aluminum from the CNS.
Hence, detoxification may become a field of increasing importance
in clinical practice. What is also highly important for public health
are aluminum screenings in the general healthy population to assess
and prevent lifetime accumulation and the development of related
diseases.
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