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ABSTRACT

The incidence and prevalence of multiple sclerosis (MS) have increased much since 1950s. Environmental factors must play a
decisive role because the heredity can not be mutated so fast. No one has proposed the mechanical pathway between MS and
environmental factors. The aim of this study is to reveal what environmental factors induce multiple sclerosis. From animal
models it is known that aggresive T cells (able to cross bloob-brain barrier) are induced in lung. Soil dust containing both
weathered mica particles and vitamin B12 containing clay particles (“transformation smectite” particles ) can activate myelin
specific CD4+ T cells in lung. CD4+ central memory type T cell (resting phenotype) receptor is activated by soluble MHC
II when it is anchored on mica particle surface and T cell adheres also on the same mica surface. Further prerequisite is that
at the same time smectite clay particle intercalated with vitamin B 12 is endocytosed into the same T cell. T cell activation
requires 1) T cell receptor activation and 2) T cell metabolic changes from oxidative phosphorylation to aerobic glycolysis. In
classical activation model co-receptor B 28 activation changes T cell metabolism to oxidative glycolysis. In this case at the wrong
time dosed vitamin B 12 changes T cell metabolism to oxidative glycolysis using anaplerotic feeding of TCA-cycle, permitting
T cell activation to effector phenotype aggressive T cell. The hypothesis is based on new findings in immunobiology and on
epidemiological observations.
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1. INTRODUCTION

Multiple sclerosis (MS) is the commonest devastating neu-
rodegenerative disease in young adults in high latitudes.[1]

MS is an autoimmune or immune disease, the diagnostic cri-
teria of which are established and the epidemiological reports
are quite reliable. We are now experiencing the MS epidemic
in many countries e.g. in Finland,[2] in Sardinia (Italy),[3] in
USA[1] and in Iran.[4] Typically females have a greater risk
for MS than males as for many other autoimmune diseases.[2]

The current epidemic began in the 1950s.

Epidemiological studies have revealed a complex genetic
susceptibility, but only HLA-locus HLA-DRB1 is cosistently
associated with the risk to get MS.[5] Typical for the inci-
dence of MS is clustering in space and time.[6–8] In fact there
are enormous literature concerning the MS clusters. Very
interesting is the cluster that develops in an area where MS
has been earlier unknown such as Faroe Islands, situated in
North Atlantic between Iceland, Norge and Scotland. The
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outbreak of MS epidemic in Faroe Islands has aroused much
interest in the field of medical research. British Troops occu-
pated Faroe Islands in April 1940 for five years. The earliest
date when MS symptoms were found in native-born Faroes
was July 1943. Research concerning MS epidemic in Faroe
Islands has continued some thirty years. As a summary from
the research it is thought that British Troops introduced the
specific but unknown infection into the Islands.[9]

British Troops also modified the enviroment in the Islands
thorougly. They introduced the first caterpillars and diggers
into the Islands and built the airport, much roads and the
battery positions aroud the seashore. For the first time in the
history of the Islands large quantities of soil dust was raised
from the earth and the Faroes breathed the dust. School
children at Henribourg, Saskatchewan, Canada, breathed soil
dust during the World War II, when The Air Forces of Canada
used the ancient overgrown lake as an exercise targert for
bombers near Henribourgh, where then lived less than 75
people. Later eight school children (classmates) develop MS
plus two miltary personel, who had resided in the close prox-
imity. Causative factor(s) was never identified. One diligent
victim, however, said that the cause was the bombing. Is it
possible that he or she was right[8]?

2. PATHOPHYSIOLOGY OF MS
The central hallmarks in MS development are the inflamma-
tory plaques. Plaques are situated in the brain white matter
and spinal cord and also in the gray matter. Plaque distri-
bution is quite ramdom. The plaque originates from the
leak in blood-brain barrier (BBB). Activated myelin reac-
tive CD4+ T lymphocytes can adhere and traverse the blood
vessel in the brain. MS patients and healthy persons both
have myelin reactive CD4+ T cells in their peripheral blood,
however, phenotypically these cells differ between MS pa-
tients and healthy persons. Myelin reactive CD4+ T cells
of MS patients are activated effector-memory phenotype,
whereas CD4+ T cells from healthy controls are central-
memory phenotype whose physiological function is to in-
duce neuroprotective beneficial autoimmunity after neuronal
injury.[10] Only activated effector-memory CD4+ T cells
can traverse the blood-brain barrier and attack the myelin
sheat.[11]

From various CD4+ T cell lineages Th1 and Th17 cells play
an essential role in MS, Th17 possibly in the initial phases
and Th1 later in the course of the disease. CD4+ lineages
are however plastid, so that originally Th17 cells can switch
later into Th1 lineage.[12] It is largely accepted, that in MS
CD4+ central memory myelin- reactive T cells are activated
in the periphery, with great probability in the lung. In the rat
model of MS, experimental autoimmune encephalomyelitis

(EAE), it was foud that myelin basic protein (MBP) reactive
T cells could not invade to the central nervous system before
residing within the lung tissues. MBP reactive T cells dis-
appeared from blood circulation almost immediately after
intravenous injection and they gained the capacity to enter
the central nervous system only after residing transiently
within the lung tissues. Inside the lung tissues T cells visited
to the airways and used the airways as roads in their way to to
bronhus associated lymphoid tisue (BALT) and lung draining
mediastinal lymp nodes. MBP reactive T lymphocytes gain
the effector memory phenotype in the lung. Thereafter they
could invade to the brain and clinical symptoms of EAE were
broken out.[13]

Cerebrospinal fluid (CFS) surrounds the brain and is cen-
tral in the maintaining brain homeostasis. BBB shields the
brain from adverse molecules, immune cells and pathogens.
However the regulated immune cell entry to the brain is
needed to maintain brain plasticity and homeostasis. This
regulated immune cell entry takes place in the choroid plexus.
Uncontrolled activated myelin specific T cell invasion from
the brain capillaries into the brain tissue is always detrimen-
tal.[14] CSF outflow takes place through arachnoid granula-
tion into venous blood and through meningeal lymphatic cap-
illaries into deep cervical lymph nodes. Smaller molecules
e.g. peptides are coveyed with CSF through arachnoid gran-
ulations into venous blood, which meets it’s first filter in
lung capillaries.[15, 16] If normally circulated myelin spe-
cific central-memory T cells become activated into effector-
memory T cells in the lung for some reason or another, they
have the opportunity to meet their own antigens (myelin
specific peptides) in lung BALT and they expand clonally.
Local inflammation in the brain is possible after the mass of
effector-memory T cell invasion. This mass invasion begins
the chain of events that induce clinical MS. So what activates
the myelin reactive Th17 cells in lung?

3. HYPOTHESIS
A person inhales soil dust which contains 1) weathered mica
mineral nanosized flakes and 2) nanosized smectite clay par-
tices intercalated by vitamin B12. In small airways MBP
reactive central memory CD4+ T cells come in contact with
these tiny particles, which activate these CD4+ T cells in
a later described manner into effector memory phenotype
Th17 cells. These cell are capable to invade into brain and
induce MS.

4. DESCRIPTION OF CD4+ T CELL ACTIVA-
TION PATHWAY

Mica is a phyllosilicate mineral. Mica is common mineral
in soils. Mica is one parent mineral of expandible clays
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smectites. Atoms (mainly Si and Al) of mica are bonded
together into flat sheets, allowing the perfect cleavage of the
mineral, when weathered. The productions are clean, flex-
ible, elastic and tough sheets to a minimal thickness about
1 nm. Polyelectrolytes e.g. many proteins and DNA can be
adsorbed on mica surface.[17] When weathered, mica can
form “transformation” smectites in the acid podzolic soils.
The finer fraction of the mica based phyllosilicates is com-
posed of particles of 3-7 sheets having 20 nm to 100 nm
in length. Weathered mica also contains empty channels of
tubular forms inside the particles.[18]

Vitamin B12 intercalates between the smectite layers by ex-
pading the space between two layers from about 0.5 nm to
over 1 nm depending of the cations (Na+, K+, Ca+) which
vitamin B12 replaces.[19] Cellular uptake of nanoparticles
(50 nm-100 nm) decorated with vitamin B12 is dramatically
increased compared with native nanoparticles in many cell
types. It is thought that B12 decorated nanoparticles are
internalized through caveolae in many cell types.[20, 21] CD4+
T cells do not express caveolin 1 protein, which is typical
for caveolae. Dynamin 2 regulates endocytosis in T lympho-
cytes.[22] Vitamin B12 decoration of nanoparticles, which
usually express own negative surface charge in native state,
changes the charge to positive due to seven side chain amino
groups in vitamin B12 . This may help the endocytosis of
vitamin B12 decorated nanoparticles.

Vitamin B12 is very stable compound, however UV light
destroys it. The human has vitamin B12 stores in the liver for
three years, this would not be possible without extraordinary
molecular stability. The basic structure of vitamin B12 is
modified tetrapyrrole, tetrapyrrole is the basic structure of
porfyrins. Porfyrins (petroporfyrins) are found in the crude
oil and in the coal.[23]

In nature only some bacteria and archae are capable of syn-
thesizing vitamin B12. All higher living forms depend on
vitamin B12 synthesized by bacteria, hence the soil and natu-
ral water systema must contain vitamin B12. The upper soils
contain vitamin B12, so that the concentration of vitamin
B12 is almost the same as in beef (27 microg/kg). Sevage
sludge contains vitamin B12 more than the cow liver (2,140
microg/kg).[24]

CD4+ T cells are classically thought to become activated
when antigen presenting cell e.g. dendritic cell presents
its own antigen complexed with MHC II to the T cell re-
ceptor (TCR). This antigen presentation demands physical
contact between antigen loaded MHCII complex and TCR
complex.[25] CD4+ T cell activation process does not pro-
ceed if CD4+ T cells do not change their metabolism from
oxidative phosphorylation to aerobic glycolysis.[26] In classi-

cal model of CD4+ T cell activation dendritic cell B7 ligands
activates T cell co-receptors CD 28 at the same time with
TCR activation. The CD 28 signaling pathway changes CD4+
T cell metabolism into oxidative glycolysis.[27]

It is quite a new observation that soluble MHC II complexes
(sMHC II) are also normal constituent of serum and human
body fluids.[28] sMHCII with mounted peptide are not able
to activate TCR but are considered to be involved in the
maintenance of self tolerance and the increase of CTLA-4
receptor expression, which induce suppression in CD4+ T
cell activity.[29]

If sMHCII with mounted peptide is anchored to a suitable
surface, it can activate TCR. Suitable surfaces are e.g. moist
glass surface and plastic surface. CD4+ T cell actin cytoskele-
ton must be able to adhere the surface.[25] Mica surface is
hydrophilic and is covered with an absorbed thin aqueous
layer when relative humidity is high. Actin adheres stably
on mica surface of this sort.[30]

Figure 1. 1. Activation of the myelin reactive CD4+ T cell
in lung.1. Mica-bound sMHCII activates TCR. T cell is
adherent to mica surface. 2. Smectite particle intercalated
with vitamin B12 is endocytosed into the cell where vitamin
B12 is released. 3. Vitamin B12 dependent methionine
synthesis is enhanced in the cytoplasm. Methionine enters
the mitochondria. 4. In the mitochondria methionine is
metabolized into succinyl-Coa by vitamin B12 dependent
manner via propionyl-CoA pathway. Succinyl-CoA enters
anaplerotically into TCA cycle and is transformed in the
next step of the cycle into succinate. 5. Succinate leaks into
the cytoplasm. 6. Succinate activates and stabilizes the
transcription factor HIF-1alfa, which enters the nucleus. 7.
T cell receptor signaling pathway induces many
transcription factors which activate or switch off genes (M
mitochondria, N nucleus, TCA cycle)
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Soil dust containing weathered mica and “transformation
smectites” can get their way into lung. Peptide bound
sMHCII complexes are normal constituents of bronchial and
alveolar liquid film and can bee adhered onto the present
mica surface. Myelin reactive CD4+ T cells can adhere to
the same surface and trigger TCR activation (see Figure 1)

CD28 signaling pathway is not activated in this scenario.
Metabolic changes parallel to CD28 signaling can be pro-
duced by anaplerotic substitutes to TCA-cycle in mitochon-
dria. The cells use TCA-cycle in addition to energy produc-
tion also to synthetize various molecules e.g. amino acids and
nucleotides. This function is named cataplerosis and it takes
out the TCA cycle intermediates. TCA-cycle must then be
substituted from outside by the anaplerotic feeding. Two sub-
stantial anaplerotic feedings into the cycle are glutamine and
propionate. Glutaminolysis produces is alfa-ketoglutarate,
which is one member in the TCA-cycle and feeds the TCA-
cycle, when substituted into the cycle from outside.[31] In
the TCA cycle next to alfa-ketoglutarate is succinyl CoA.
Succinyl CoA is fed into TCA cycle by propionyl CoA path-
way. Oxidation of odd-chain fatty acids and amino acids
methionine, threonine, isoleucine and valine produce propi-
onyl CoA in mitochondria. Propionyl CoA is metabolized to
methylmalonyl CoA. Methylmalonyl CoA is metabolized to
succinyl CoA, which is the intermediate in TCA cycle. Pro-
ceeding of the reaction from methylmalonyl CoA to succinyl
CoA is catalyzed by the enzyme methylmalonyl CoA mutase
requiring vitamin B12 as cofactor.[32]

Lymphocytes express the receptor for uptake of vitamin B12
only when activated. This time window lasts only 3-4 days
after stimulation. Inactive resting lymphocytes do not uptake
vitamin B12.[33] Soil dust nanosized particles decorated with
vitamin B12 can get access into resting CD4+ T cells at any
time, because they do not need the vitamin B12 receptor.
Inside the cell vitamin B12 is released. This happens at the
same time when CD4+ T cells are adhered onto the mica-
sMHCII complex surface. In cytosol vitamin B12 increases
synthesis of methionine and in mitochondria succinyl CoA,
resulting in the leakage of succinate into cytosol (see Figure
1). Succinate activates and stabilizes hypoxia inducible tran-
scription factor HIF-1alfa[34] (see Figure 1). HIF-1alfa is an
important transcription factor for selectively driving CD4+
T cells to Th17 effector-memory phenotype T cells. In this
case TH17 cells are myelin reactive effector phenotype and
can access into the brain.[35, 36]

5. CONTAGION FROM SOIL

Two high prevalence area of MS in Europe are Finland and
Sardinia (isle of Italy). High prevalence area in Finland is

South Ostrobothnia and there especially the drainage basin of
river Kyrönjoki (prevalence 100-200 per 100,000).[1] River
Kyrönjoki drainage basin is the biggest flood plain in Finland.
The prevalence of MS in Sardinia was 150 per 100,000 in the
year 1994.[3] Soil pH is low in Finland[37]) and in Sardinia.[38]

Fine grade micas are common in the soils of Finland[39] and
Sardinia.[40] Also pedogenic processes produce smectite clay
in both areas. In Finland mica and smectite are distributed in
the same soil layers (horizons E, B, C).

Land use has intensified in river Kyrönjoki basin during the
last fifty years. Perennial grasslands have been interchanged
to the ploughed corn fields. River beds has been dug in the
years 1930-2004. Villages with high MS frequencies are
located along the riversides.[41]

Cork oat forests have been common in Sardinia, contain-
ing about 20% of Sardinian surface. Besides production
of cork, these forests have been used in grazing. During
the last forty years the surface area of cork oat forests has
decreased some 30% and substituted in part by ploughed
land.[42] In both river Kyröjoki basin and in Sardinia inhabi-
tants are breathing more soil dust which contains both mica
flakes and smectite-vitamin B12 combination particles in
micro-nanosized classes.

6. LIVING THROUGH MS EPIDEMIC
In Haapajärvi (Finland, North-Ostrobothnia) area there was
dug the old river beads and wholly new river beads with the
great regulating reservoirs in the years 1967-1979. Later we
could find MS epidemic in the area. Most victims lived very
near the new river beds or worked in the building sites.

Besides MS, also other peculiar central nervous system dis-
eases could be found e.g. atrophia cerebri, paresis supranu-
clearis and malign narcolepsia. In one family there was two
Ms patients, in the other, one sibling had MS and the other
had acute leucemia in early adulthood age. One fatal lung
disease in young age could also be found. We could not link
these cases to the earth digging before finding the mecha-
nistic pathway from the soil to the brain via the pathogenic
CD4+ T lymphocytes.

7. CONCLUSION
The represented hypothesis is based on many new findings
in immune biology e.g. soluble MHCII molecules and the
dependency of T cell activation on metabolic reprogramming
and consequently it would not has been possible to generate
the hypothesis much earlier. If represented hypothesis be-
comes largely accepted after testing, we must change the soil
use and the soil digging practices. The final goal is to reduce
the incidence of MS and it seems to be possible.
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