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Chapter I

High Levels of Active 1,25-
Dihydroxyvitamin D Despite
Low Levels of the 25-Hydroxyvitamin D
Precursor - Implications of
Dysregulated Vitamin D for Diagnosis
and Treatment of Chronic Disease

J. C. Waterhouse', Trevor G. Marshall,

Belinda Fenter, Meg Mangin and Greg Blaney
Auteimmunity Research Foundation, Thousand Oaks, CA, USA 91360;
The Stillpoint Project, Vancouver, BC, Canada

Abstract

The active secosteroid hormone 1.25-dihydroxyvitamin-D (1,25D) often reaches
excessive levels in normocalcemic patients suffering from chronic Thl inflammatory
illnesses, including sarcoidosis and rheurnatoid arthritis. This is due to unregulated
production of 1.25D in the mitochondria of activated macrophages. Phagocytic cells
parasitized by cell wall deficient (CWD) L-forms of bacteria drive this dysfunction of
vitamin D metabolism. The paracrine levels of 1.25D nise and the jevel of substrate 25-D
falls. If studies measure only the 25D precursor, a low 25D may be misinterpreted as
indicating the patient requires vitamin D supplementation. Our data show that active
1,25D hormone may be elevated, even with a low level of 25D substrate because of the
inflamed macrophages’ hyperactive conversion to the active hormone. In sarcoidosis,
for example, this dysregulated vitamin D conversion can mean that even a moderate
intake of vitamin I} through ingestion or solar exposure can cause the 1,25D hormone to
become high enough to stimulate osteoclastic action, and bone resorption. Data presented
here suggest that this extra-renal synthesis of 1,25D is more widespread than previously
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thought and because it leads to vitamin D hypersensitivity, has important implications for
research, diagnosis and treatment of chronic disease. The relationship of our data to past
research on the role of vitamin D in several diseases is discussed. The assay of both the
active 1.25D and inactive 25D metabolites will lead to additional clinical dara.
notentiaily improving both diagnosis and care of a variety of autoimmune and other Thl
ilinesses. The high recovery rate using a new antibacterial protocol (inisially deveioped
for tweating sarcoidosis) and the normalization of 1,25D levels, subsequent to such
treatment, emphasizes the importance of measuring both the active 1,25D hormone and
the 25D substrate. It should be noted that serum must be properly handled and
transported frozen in order to obtain accurate 123D test results. Further, an increase in
25D levels induced by vitamin D supplementation may iead to long-term disease
progression by facilitating proliferation of the intracellular CWD bacterial pathogens.

Introduction

New insights into the role of the active vitamin D hormone 1,25D in immune system
modulation may soon lead to a new approach to vitamin D laboratory measurement and
supplementation in clinical practice. It is now well-known from molecular medicine that,
besides its role in calcium and phosphorus metabolism, the vitamin D hormone {1,25D) is
closely tied to Thl immune activity {1, 2, 3]. Research on the role of vitamin D in the Thl
autoimmune disease sarcoidosis has provided new insights into vitamin D’s possible role in
Thi diseases [3, 4, 5}. These insights lead to the conclusion that measurement of the levels of
both the relatively inactive form of vitamin D (25D} and the active 1,25D form of vitamin D
may prove to be key in research, as well as diagnosis and treatment of many inflammatory
diseases [31. This may be especially important because it may lead to improved diagnosis of a
treatable bacterial cause, as has been found in the case of sarcoidosis [3, 4, 3, 6, 7]

There is evidence that occult bacteria capable of living parasitically inside cells and
lacking the usual type of rigid cell wall are the likely cause of Thl inflammation in idiopathic
diseases. These include Chlamvdia preumoniae and Mycoplasma spp., as well as cell wall
deficient forms of classical bacteria (CWD, also called L forms, cysts, pleomorping,
mollicutes). Over 20 years ago, CWD baclerial forms were found in tissue samples from
sarcoidosis patients [8]. More recently, these bacteria have been photographed and studied
independently by a number of researchers |9, 10. 11. 12, 13, 14, 15, 16]. Recently, bacteria
have even been photographed in the process of replication inside immune cells in sarcoidosis
[17]. Many bacteria escape destruction by the immune system or certain antibiotics by
sransforming into cell wail deficient forms and hiding within cells {12]. The Lyme disease
pathogen. Borrelia burgdorferi, is an example of a CWD-capable bacterium, and research
shows that it can transform back and forth between its spirochete and cyst forms [18, 19, 20].

The success of antibiotic treatment in sarcoidosis 3, 7], theumatoid arthritis [21, 22, 23],
scleroderma [24], multiple sclerosis [25] and Crohn’s Disease [26, 27] provide evidence for
the role of bacteria in Thl disease. We discuss a treatment approach that combines immune
modulation, and the use of synergistic pulsed. low dose antibiotics to improve antibiotic
treatment oulcome by overcoming the resistance mechanisms of these elusive bacteria. We
present case historics and discuss the literature indicating that evaluating vitamin D
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metabolite levels is important for immune modulation as well as for the detection of Th]
mflammation.

Aberrant Vitamin D Metabolism
Linked to the Th1 Inflammatory Diseases

In healthy people with a normally functioning immune system, the kidneys tightly
regulate conversion of inactive vitamin D (25D) into the active steroid hormone form
(1.25D), keeping 1.25D within a fairly narrow range. Under the assumption that this tight
control by the kidneys is nearly universal, there has been z tendency to only measure the
precursor 25D, as this has been considered to be adequate for the detection of vitamin D
deficiency states and it is easy to measure [28]. It has long been recognized, however, that in
certain granulomatous diseases, such as sarcoidosis. tuberculosis, some cancers and other
diseases, hypersensitivity to vitamin D can cause increased leveis of 1.25D due to
unregulated conversion of 25D to 1,25D by activated macrophages. Dysregulated vitamin D

;ZS metabolism has been considered to be rare, and it has been assumed that Measuring Serum
) is calcium was sufficient for detecting dangerous elevations that might occur when
hi supplementing with vitamin D [29].
sin Bonnema et ai. [30] first recommended measuring 1,25D as an accurate marker of
s of disease activity in sarcoidosis, a chronic inflammatory disease with predominant Thl activiey.
D When evaluating osteoporosis treatments, the U.S. FDA’s recommendations for studies
ory include testing of the active 1.25 D metabolite [31]. It seems wise to apply this more
fa thorough level of testing to other Thl diseases that may involve vitamin D abnormalities,
considering the recently widening understanding of hormone 1.25D's important immune
nd system functions. Currently, many studies fail to do this, basing conclusions about D-
hic metabolite status enly on 25D levels. Research in sarcoidosis and other diseases supports the
all FDA in its recommendation to measure 1,25D as well.
Lie. Hypersensitivity to vitamin D occurs because, as part of the Thl inflammatory response,
om activated macrophages possess 1-hvdroxylase activity and arc able 1o metabolize 1.25D from
ied 25D 3, 32, 33]. Regulation of 1,25D levels is canceled by the effects of the Thi cytokine,
‘Fa Interferon Gamma, which inhibits 1.25D induction of 24-hydroxylase, a key enzyme in
1508 1,25D iactivation [34]. Interferon Gamma may additionally suppress the ability of increased
by levels of 1.25D to slow down its own synthesis through feedback inhibition of 1-hydroxylase
ase [33]. It has been noted that the effect on regulation may extend to the kidney and intestinal
rch 24-hydroxylases that breakdown 1.25D in order to regulate its levels. This lack of down-
1. regulation 1s supported by the high serum concentrations of 1,25D in sarcoidosis. in which
3). there is no significant increase in the metabolic clearance rate of 1,25D [33, 335].
for At very high levels. the elevated 1.25D in sarcoidosis is known to sometimes cause frank
me hypercalcemia. bone loss and other symptoms of excessive vitamin D. Research has shown
e that at more moderate levels, elevated 1,25D can cause bone lass without hypercalcemia [36,
Ne 37]. The increased 1.25D can also cause increased fatigue, paresthesias [4, 6], muscle
D dysfunction and even facial paralysis [38]. There are published reports of exacerbations and

even heart attacks in sarcoidosis patients during sunny holidays [39]. Marshall ¢r al. [4, 6]
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reported several cases where sarcoidosis patients had symptomatic relief from fatigue and
paresthesias by avoiding sunlight, shielding their eyes from bright lights and eliminating
dietary vitamin . Marshail et al. used the “D-ratio” the ratio of 1,25D:25D as a marker of
the level of inflammation in sarcoidosis and patients were able to reduce this D-ratio through
avoidance of vitamin D.

An angiotensin receptor blocker, olmesartan, was also found to be very helpful through
its ability to block angiotensin II from binding to its receptors on the macrophages, thus
slowing the increase in activated macrophage production of 1,25D [3. 4]. Marshall et al. [4]
found an etevated D-ratio ranging from 2.0 to more than 4.5 1n sarcoidosis. In a targe Danish
study of smokers and nonsmokers, the data showed that a normal D-ratio for healthy
nonsmokers could be calculated to be 1.3 [40], although this ratio may vary some depending
on the latitude, for example 1.7 or 1.8 [41.42].

Clearly, when vitamin D hypersensitivity due to extra-renal synthesis and lack of
regulation is a potentiat issue, measurement of 25D alone is not sufficient to detect excessive
1.25D. Most of the sarcoidosis patients with elevated 1.25D are normocalcemic and
monitoring serum calcium will not generally detect whether hypersensitivity to vitamin D 1s
occurring due to the role of activated macrophages [43]. Data presented here suggest that
nonrenal synthesis of vitamin D associated with low serum 25D is more widespread than
previously thought and has important implications for research, diagnosis and treatment in
chronic disease.

Measufing and Interpreting Vitamin D Levels

As has been noted, many of the studies concluding there is a vitamin D deficiency in
various autoimmune and other conditions have only measured inactive vitamin 3 (25D). This
metabolite tends to reflect the intake of vitamin D and largely misses the role of processes
that cause dysreguiation of the 1,25 vitamin D hormone levels, such as the conversion of 25
D to 1.25D by activated macrophages. Since the active form of vitamin D (1,25D) tends to
degrade easily, the serum sample must be frozen for transport, and not all labs require this.
We found Quest Diagnostics, the largest owner of laboratories in the United States, to have
more rigorous standards than most other iabs, and to give more accurate results for serum
1,25D.

We also found that the normal reference ranges used by most labs are quite broad. This is
because the population used to determine the reference range is heavily biased with sick
patients, no doubt including some with undiagnosed vitamin D dysregulation {6]. As testing
for 1.25D becomes more routine, and not confined just to a sick population, the lab reference
ranges will no doubt become more meaningtul. As a point of comparison, Quest Labs
currently cites a reference range of 15-60 pg/ml for 1,25D, while Labcorp uses a reference
range 15-75 pg/mi. We regard the Merck Manual’s reference range as more appropriate [44}.
It gives an upper limit of 45 pg/ml for 125D (117 pmol/ml}.

In addition, evaluation of serum levels of 25D may be misleading, since the inflammation
from Thl activity feads to paracrine extra-renal conversion of inactive 25D to active 1,25D,
often depleting serum levels of measured 25D in order to increase active vitamin D ( 1,25D).
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A

This may further contribute to a false impression of vitamin DD msufficiency i D
hypersensitivity due to this increased extra-renal 1,25D production. We typically see 25D
presentations in Thl disease at the lower limit of range, around 20ng/mi.
Illnesses where signs or symptoms are affected by vitamin D supplementation must be
studied with an eye to identifying vitamin D dysregulation and extra-renal synthesis of
1,25D. Although our purpose is not to determine optimat levels of vitamin 1) for the general
population, there are several points which merit special attention. First, it seems that the
reliance on serum 23D levels in people getting nearly full-body solar exposure in a sunny
climate as indicators of safe and/or desirable vitamin D levels [28, 97] seems questionable
(sunbathers and lifeguards are an example sometimes used). Adams et al. [98] found
hypercalciuria and bone ioss at levels of 25D above approximately 50 ng/ml (> 125
nmol/mi}, levels that many now regard as safe [28, 97] and there might be other long-term
unknown consequences from prolonged elevations in D tevels, For instance, Rajasree et al.
199] found an elevated risk of ischemic heart disease when 251 was above 89 ng/mi.
Caucasians evolved In northern latitudes. where there is little sun much of the year and
where weather would have required some sort of covering or clothing much of the time. A
large proportion of the land was forested until the last few thousand years, which would have
tended to reduce solar exposure. In general, nmuch of the worid was more heavily forested,
providing a less sunny environment for most human populations than at this time. This
should be taken into account when assessing the environmental conditions under which
humans evolved, as well as when considering what is a “natural” level of solar exposure and

g
1 '.’

a desirabie level of vitamin D metabolites. Future studies should consider whether low serum
levels of 25D in African Americans and other people of color may be due, at least in some
cases, to etficient increased extra-renal conversion of 25D to the active metabolite 1,25D and
possible elevated 1,25D.

Analysis of Published Data on Vitamin D
Metabolites in Some Diseases

Inflammatory Bowel Disease

A reeent study showed elevated 1,25 D levels (>60 pg/ml} in 40% of Crohn’s disease and
7% ot ulceratrve colitis patients tested [37]. If the study had used the upper limit for elevated
1.25 D of 43 pg/ml from the Merck Manuai [44], the percentages with eievated 1,25D levels
would have been much higher. We made a crude estimate from Figure 2 in Abreu et al. [37}

and found that approximately 45% of ulcerative colitis patients and 68% of Crohn’s Disease
patients had [,25D levels above 45 pg/ml. Abreu et al. [37] found that elevated 1,25 D was
related to a negative effect on bone mineral density that was independent of giucocorticeid
use. The authors concluded that the elevated levels of active 1,25 vitamin D might be due to

inflamed tissue involved in the disease process. This was supported by measuremeni of
elevated levels of | alpha hydroxylase (CYP27B 1)}, the enzyme that converts 25D to 1,25D,
tfrom colonic biopsies of Crohn's patients [37]. Bacteria have been detected and treated with
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some success in Crohn’s disease {26, 27] indicating occult bacteria may be a source of

chronic inflammation.

Rheurmatoid Arthritis

Mawer et al. [45] demonstrated abnormal vitamin D metabolism in rtheumatoid arthritis
(RA). They challenged a cohort of 19 RA patients with 250 ug of the precursor, 25D, and
found that RA patients generated peak levels of 1.25D significantly higher than controls.
Levels of 1,25D were particularly elevated in the synovial fluid and were correlated with 25D
levels, providing strong evidence for extra-renal synthesis of 1.25D in patients with RA,
Studies of macrophages from synovial fluid in vitro in RA also showed this extra-renal
synthesis [45, 46]. This supports the view that in RA, as in sarcoidosis, macrophages are
causing excess conversion of 23D to 1,25D in areas of mflammation.

The level of inflammation in RA is typically not as extensive as in active sarcoidosis,
thus resulting in smaller increases in the serum D-ratio and less elevated serum 1,25D. Also,
since the joints are not as well perfused as areas like the gastrointestinal tract or lungs, the
amount of 1,25D reaching the blood stream from sites of inflammation is also iessened. And,
as Mawer et al. [45] point out, since the 1.25 D from the synovium is limited. the kidneys
may be able to compensate by suppressing its own synthesis, resulting in serum levels of
1,25D staying near normal for most patients.

The results of the above study [45] suggest supplementation with the substrate 25D could
jead to a local increase in 1,25D in the joint, wiether or not it was reflected in elevated serum
1,25D levels. As has been observed in sarcoidosis [3], thts increased 1,25D in mnflamed
tissues might lead to greater inflammation through promotion of macrophage activity and
eventual bacterial increase. Supplementation also might increase osteoclastic activity and
bone loss near the joint due to a local increase in 1,25D (45, 47]. Inaba found elevated 125D
1o be related to elevation of the inflammatory cytokines IL-1 and IL-2 [46]. TL-1 has been
implicated in increased bone loss and together with elevated 1,25D may contribute to
periarticular bone loss {48].

in fact, it is interesting to note that of 17 patents with rheumatoid arthritis whom
Sambrook et al. [48] found to have bone loss near the wrist joint during a two-year study
(mean loss rate 6.1%), one patient actually had a slight increase in bone density near the wrist
joint. This patient was also the only one to take hydoxychloroguine during the study period, a
drug sometimes used to block the conversion of 25D to 1,25D in sarcoidosis. From
examining Table 2 and Fig. 2B [48], one can determine that this patient also had the lowest
125D level in the study, and this may account for the lack of periarticular bone loss. Two
other patients with aimost no bone loss also had very low 1,25D.

Systemic Lupus Erythematosis

In systemic lupus erythematosis (SLE) patients Muller et al. [49] provided data that could
be consistent with an abnormal D metabolism, showing a mean of 27 pg/ml for 1,25D and 2
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mean of 13 ng/ml for 25D, vielding a D-ratio of 2.1. However, they did not separate patients
according to wiich drugs patients were on. This is important in SLE, because some patients
are treated with hydroxychloroguine, a drug that inhibits conversion of 23D to 1.25D.
Huisman et al. [50] found a mean of 37.6 pg/ml for 1.25D and a mean of 17.4 ng/ml for 25D.
with a mean D-ratio of 2.2 in systemic lupus erythematosis (SLE) for patients not taking
hydroxychloroguine. The combined group of lupus patients, most of whom were taking
hydroxychloroquine. showed a mean D-ratio of 1.6. The 25D levels were identified as being
iow, but the 1,25D levels were above average, and even high (using the Merck Manuadl’s
upper limit of 45 pg/ml) in many of the patients not taking hydroxvchloroquine. This study
suggests extra-renal synthests of 1.25D is occurring, just as in Crohn’s, RA and sarcoidosis,
and supports the view that lupus might also benefit from the antibiotic approach used in
sarcoidosis. Sometimes SLE is referred to as a TH2 disease, however we believe that the
above evidence of vitamin [ dysregulation indicates that it is more accurately viewed as a
Th1 discase, in which Interferon Gamma is predominant, as in sarcoidosis.

If one looked only at the 25D levels in the above study, one might conclude that vitamin
D suppicmentation was warranted. However, the above-normal 1,250 and the sensitivity 1o
light found in SLE, leads us to propose that light exposure and D supplements would lead 10
disease progression in the long term, as has been found in sarcoidosis [4]. It should be noted
that Grant [51] found mmcreased SLE mortality was associated with UVB radiation in a
gecgraphical correlation study. Evidence for the role of bacteria in SLE has been found and
thus chronic infection may account for the ongoing inflammation [10, 52].

Patients with SLE frequently have flares of symptoms when exposed to UVB, and some
report sensitivity to fluorescent light or the UV A light entering through car windows [53].
For this reason, SLE patients are often toid to avoid solar exposure and encouraged to use
sunscreen. It may be that this difficulty with UVB exposure results from increased 1.25D
production as a result of increased synthesis of vitamin I in the skin.

Sjogren’s Syndrome

In Sjogren’s Syndrome, evidence for abnormal vitamin D metabolism has been found by
Muller et al. [54]. This Danish study provides an example of 250 and 1.25D values in a
chronic iliness in which the patients were not receiving immunosuppressive drugs. and unlike
SLE, would not have been told te avoid solar exposure. The mean 1.25D was 33 pg/ml and
the mean 25D was 12.4 ng/ml, yielding a mean D-ratio of 2.7. The data included 9 patients
with 1.25D levels above 45 pg/ml, and it included 9 patients with undetectable levels of 25D.
Muller et al. [54] concluded that the explanation for the disturbed vitamin DD metabolism was
unclear. Experience with sarcoidosis, Crohn's disease and RA, suggest the need to seek for
extra-renal synthesis through further experimentation. The low 25D valucs may reflect rapid
conversion of 25D to 125D by acuvated macrophages, rather than low values due to

deficient vitamin D from lack of solar exposure or dietary sources.
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Fibromyalgia, Generalized Chronic Pain, Chronic Fatigue Syndrome

Studies have differed in the vitamin D levels found in chronic pain and fatigue states and
more study is needed, but the incomplete data are suggestive and are in keeping with our case
histories (see below). The only study we found that measured both vitamin D metabolites
found a mean of 20.6 ng/ml for 25D and a mean of 34.6 pg/mi for 1.25D, with a D-ratio of
1.7 [50]. This is slightly higher than the mean D-ratio of 1.3 found for controls at a similar
latitude [40]. Plomikotf et al. [55] reported a very high prevalence of low 25D levels among
chronic musculoskeletal pain patients in a multi racial inner city Minnesota environment.
Block [56] found a lower prevalence of low 25D among non-urban Caucasian fibromyalgia
patients, but neither study was controlled. Of six patients who had low levels and were
supplemented with 30,000 TU of vitamin D weekly for 8 weeks, only one believed the
vitamin D was helpful [56]. Al-Allaf et al. [57], in a study in Scotland, found significantly
more patients with FM had levels of 25D below 8 ng/ml than controis. The slightly elevated
D-ratio [50] and the tendency to low levels of 25D is consistent with our hypothesis of extra-
renal conversion by activated macrophages. Whether or not the low 25D is partly due to low
D intake and/or lack of sun, it would be made even lower by extra-renal conversion to 1,25D.

In chronic fatigue syndrome, only one study reported on 25D and it did not publish the
levels, only reporting that the CFS patients did not differ from controls [58]. However, they
did report a correlation between hip bone mineral density (BMD) near the trochanter and 25D
levels. Although a deficient level of 25D 1s one possible explanation for the correlation, an
alternative explanation is that 25D 1is jowered by conversion to 125D by infected
macrophages and thus its low level might reflect severity of the inflammation, which might
affect BMD. A high rate of Mycoplasma spp. [59. 60] and Borrelia burgdorferi [61] have
been found in FM and CFS patients, supporting a bacterial cause of inflammation.

Muitipte Sclerosis

There are several lines of evidence that have been used to suggest that vitamin D may be
beneficial to prevent or treat multiple sclerosis (28, 62]. Some of the insights from
sarcoidosis, rheumatoid arthritis and Crohn’s discase suggest a need to reevaluate this
evidence.

Geographic and epidemiological data are subject to many confounding factors, and
multiple alternative explanations are possible for any given pattern. For example, Poser [63]
noted an increased genetic tendency toward multiple sclerosis (MS) in those of Scandinavian
descent and their diaspora. An alternative explanation for the geographic pattern of MS that
is in agreement with bacterial causation would be the geographic pattern of occurrence of the
pathogen. Fritzsche [64] related the geographical and seasonal pattern of MS to that of the
lick that carries Borvelia burgdorferi, the causative agent of Lyme disease. He particularly
examined the role of migratory birds carrying ticks to various regions, including the Faroe
lsiands. which had a well-studied outbreak of MS. Other organisms. such as Chlamydiae
pneumoniae have seasonal patterns and the more time spent indoors, which is naturally
favored at a higher latitudes, as well as winter, the more likely one would be to acquire
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certain organisms like this one. Chiamydiae pneumoniae has been linked to progressive MS
[65].

The fact that one analysis implicates Chlamvdiae preumoniae and another implicates
Borrelia burgdorferi can be reconciled by the theory that various combinations of species of
bacteria are likely to be responsible for producing various diseases or symptom patterns.
Multiple infections are likely because the immune dysregulation initiated by the first
pathogen would factlitate infection with additional species. Diversity in particular bacterial
species and strains among patients would also be in keeping with the diversity of symptoms
and temporal patterns of illness, even within a given diagnostic category, like MS. This
diversity would also partly explain the difficulty in linking one particular species Lo one
particular disease.

Another type of study that contains many uncontrolled variables are those that relate
vitamin D consumption or serum 25D levels and rates of disease. Many unknown factors
might bias the results. For instance, if the cause of the disease was a chronic bacterial
mfcction that required a long length of time for its development. it might produce a very
gradual and subtle increase in fatigue or cognitive symptoms. These subtle effects might
reduce the tendency of the subjects to consume certain “healthier” vitamin D-rich foods or to
take supplements or give them to their infant (who they might have infected). Those in early
stages of illness prior to diagnosis might sense they felt less well when they had a lot of solar
exposure and this might affect their lifestyle and measured 25D levels. These ideas are only
speculative at this time, but it suggests how effects of this type could influence resuits of this
type of study.

Whether or not vitamin D is wtuly helpful in prevention or treatment of MS or other
diseases cannot be proven by these studies due to their methodological limitanons,
Randomized controlled trials would be needed. However, even if future controlled trials were
to show a preventative effect of vitamin D. this might be due to enhancement of immune
response to the initial phase of bacterial infection through correction of very low levels of D.
for which there is some limited evidence [66, 67]. If this effect occurs, it might even he
limited to a subpopulation with one of the genetic polymorphisms of the vitamin D receptor
that has been identified [68]. And any protective effect. if one were found, would not
necessarily imply a benefit of D supplementation in patients once the chronic illness is
established. since later in the illness, extra-renal synthesis of 1,25D reaches significant levels.

Studies in the animal model of MS, murine experimental allergic encephalomyelitis
(EAE}, have shown a benefit from vitamin D in preventing and treating EAE in mice [69].
However, applying animal models o a disease of unknown cause in humans has many
possible pitfalls. Some of the pitfalls that may apply in this case, are the differences in
physiclogy in humans and mice, different disease causation being involved, the short life
span of the mice and short time span of the experiment. Additionally, the ability of the
murine model to assimilate bacterial pathogens is vastly different from that of homo sapiens.

Even if the EAE model did apply te human MS te some degree, giving large amounts of
[.25D might be able to halt the disease process in EAE due to immuno-suppression, but the

‘short time span of the experiment would fail to detect a long-term worsening. This objection

1s also relevant to studies of seasonal reductions in lesions in MS [70] and some short-term
trials of vitamin D supplementation [see 71] in which greater 1,25D is thought to be
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tfavorably affecting discase activity. [t may affect visible signs of inflammation or short-term
symptomology, yet fail 1o have a positive effect in the long run, particularly if the proposed
bacterial infection is actually being promoted by the immunosuppressive effects of the
elevated 1.25D.

The only way to determine if supplementation of vitamin D is therapeutic in MS is to do
randomized double blind controlled trials of supplementation. A long time frame would be
necessary (3 to 5 years) in order to determine whether the therapy was not just providing a
short-term palliative effect. with long-term negative effects, as would be expected if an
Immunosuppressive drug were given to someone with a slow growing infection. The results
should be compared to simiiar trials of an antibiotic protocol. such as the one described
below, that has been shown to be capable of overcoming the strategies that certain
intracellular bacteria have developed that allow them to avoid elimination by the immune
system and most antibiotics. Research that has detected. cultured and photographed Borrelia
burgdorferi from MS patients support the need for such studies of antibiotic protecols {12,
64, 72].

Bacteria-Induced Inflammation, Vitamin D
Dysregulation and a New Antibiotic Protocol

In previous sections, we described evidence for the role of intracellular bacteria in Thl
disease. Here we briefly discuss the relationship between bacterial parasitization of
macrophages and vitamin D dysregulation and its implications for treatment for Thl
inflammatory diseases. Lipopolysaccharides, which are a major component of the cell walls
of gram-negative bacteria, have been observed to be able to induce conversion of 25D to
1,250 by macrophages [66], supporting the role of bacteria in the excessive extra-renal
conversion.

Nilsson's [17] demenstration of the ability of bacteria to reproduce within macrophages,
the very cells that are meant to destroy ther, led Marshall et al. [3, 4, 5] to understand the
etiology of sarcoidosis and design a treatment that would combat multiple species of
treatment-resistant intracellular bacteria. This approach includes immune modulation by
restricting vitamin D while using higher-than-usual doses of an angiotensin receptor blocker,
olmesartan. Together, these modulating factors tend to reduce inflammation and enhance
antibiotic ctfectiveness. The inclusion of immune modulation and the specific combinations
of pulsed, low doses of several classes of antibiotics has been effective in overcoming the
bacterial resistance that has resulted in only limited success of other antibiotic regimens. The
roie of angiotensin receptor blockade has been discussed elsewhere [3, 4, 73], but more
should be said about the role of vitamin D in the context of the immune response to Thl
disease.

The effect of 1.250) on the immune system is complex and can even seem paradoxical in
that it reduces “lymphocyte activity while stimulating monocyte/macrophage function™ [1],
as well as providing an important negative feedback mechanism to contrel innate and

inflammatery responses of activated macrophages [ [102]. This paradox may lead to a complex
effect of 1,25D on inflammation in Thl disease, sometimes increasing and sometimes
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suppressing inftammatory symptoms. In sarcoidosis. lymphocytes actually become depleted
in the central region of granuloma, especially in later stages of the disease and we find that
the cytokines and elevated 1.25D resulting from the activated macrophages in the granuloma
make the role of the CD4+ lymphocytes minimal in comparison 1o the macrophage activity
[3.4].

In contrast, in other cases, the tymphocyte’s role may be more dominant and high levels
of 1.25D may suppress inflammation by suppressing Thl lymphocytes, causing shori-term
improvement in symptoms (e.g.. muliiple sclerosis, see above), Which scenario applies may
depend on the degree to which Thl CD4 heiper cell tymphocyles are involved in the ongoing
reaction. which might differ among Th1 illnesses or the stage of illness. In later stages of
certain Thl ilinesses, the lymphocytes may decrease in number and importance due to the
dominating effects of the bacteria-infected macrophages.

So, under some circumstances, increasing 1,25D may suppress inflammation and in other
situations it may increase inflammation. However, in our experience, in either case. elevated
levels of 1,25D are immunosuppressive in the sense that they reduce the ability of the
immunec system to function effectively to eradicate the CWD forms of bacteria and resclve
the infection,

Experience with this antibiotic approach in sarcoidosis has shown [3, 4] that the higher
the 25D level, the more 23D fuels conversion to active 1,25D by mitochondria in the
macrophages in inflamed tissue cells. This conversion is exacerbated by paracrine Interferon
Gamma secreted by the activated macrophages, which is reportedly increased by a factor of
30 or more [74]. Thus, the antibiotic protocol described requires a reduction in vitamin D
intake and solar exposure in order to minimize 1,25D and the 25D that fuels its production.

Besides the gradual improvement achieved through this antibiotic protocol. the short-
term reaction to the antibiotics also provides evidence for the tole of bacteria. Patients with
virtually all of the conditions discussed in the case histories presented cxperienced what we
refer to as a Jarisch Herxheimer reaction (JHR) following effective antibiotic desing {75].
This JHR is due to the proinflammatory cytokine release as a result of the immune reaction to
bacterial die-off and the death of the celis thev have parasitized. If the antibiotics were
effective only due to an anti-inflammatory effect, as some postulate, repeated exacerbations
following pulsed antibiotic dosing would ciearly not be the expected response. Allergy to the
antibiotics cannot explain the reactions, since the same dose without immune modulation
usually does not produce the same reaction and the JHR decreases over time. as the bacterial
load decreases with treatment. For sarcoidosis patients who have been treated long enough.
the JHR eventually ceases altogether. It is noteworthy that we found elevated levels of serum
251» inhibited antibiotic-induced bacterial killing, as evidenced by lessened Jarisch
Herxheimer reactions in patients until they succeeded in towering their vitamin D leveis.

In seven of nine of the granuloma-forming illnesses involving an overproduction of
extra-renal vitamin D that have known causes, the cause is infection [1]: Leprosy,
histoplasmosis, cryptococcosis, tuberculosis. candidiasis, cocceidiomycosis, and cat scratch
fever. Now, it appears that one of the previcusly unexplained granujomatouns diseases —
sarcoidosis - has an infectious intracelluiar bacterial cause [3]. Future research could reveal
whether other idiopathic granulomatous diseases and other diseases with less obvicus
overproduction of extra-renal 1,25D also have an infectious cause.
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Case Histories Illustrating Aberrant Vitamin D
Metabolism and Apparent Bacterial Causation

We present here a few cases. of the hundreds we have observed, illustrating how a range
of painful and fatiguing chronic conditions may exhibit aberrant D metabolism invoiving
excessive extra-renal production of 1,25D by activated macrophages in the same manner as
sarcoidosis. In most of these cases, the initial response to the antibiotic protocol closely
resembles the response in sarcoidosis, thus supporting a bacterial cause (se¢ above}. All but
the last three cases are from a medical practice specializing in the treatment of pain in
Vancouver, British Columbia in Canada [100].

Many of these cases involve family members, illustrating how common case clusiering is
and reflecting possible person-to-person transmission. Cage clustering within families has
been documented for chronic fatigue syndrome among famities of Mycoplasma-positive Gulf
War Illness patients [60, 76]. However, these clusters are by no means always the case.
Relatives may also have little, if any, symptoms and yet be at higher risk of developing some
illness invoiving inflammation later in life.

Patient 1 is a 59-year-old male, suffering from chronic debilitating headaches, chronic
fatigue, decreased cognitive function, heart block and allergies. His 1.25D was 115 pg/ml and
his 25D was 29.2 ng/ml, vielding a D-ratio of 3.9. After a week on olmesartan, used as part of
the immune modulation of the antibiotic protocol, his headaches disappeared. After 2 months
on the low dose minocycline, his elevated PSA dropped from 27 to 9.2 ng/ml.

Patient 2 (wife of patient 1) is 53 years old, was positive for tick bite, suffered from neck
pain, cognitive impairment restless leg syndrome, eye twitches, anxiety and depression and
had a 1,25D of 69 pg/mi and a 25D ng/ml of 48, with a D-ratio of 1.43. When 25D 15
elevaied due to supplementation, the D-ratio is less useful, and the elevated 1,25D level is
rclied upon more. She began the antibiotic protocol with immune modulation and
experienced Jarisch Herxheimer reactions and an overall pattern of improvement.

Patient 3 (first of 3 sisters) is 50 years oid, had a car accident when young and had her
spleen removed, was positive for tick bite and Bartonella and suffered from neck pain,
fatigue and muscle twitching. Her 1,25D was 61.5 pg/ml and her 25D was 30 ng/mi, with a
D-ratio 2.1. She feit much better due to reduced inflammation when she began olmesartan,
the angiotensin receptor blocker that modulates the immune system, but became very
symptomatic due to the JHR from the alternate day dosing of minocycline used in the
protocoi. She reported an extreme exacerbation when she took a holiday during which she
allowed her hands and feet to be exposed to the sun.

Patient 4 (son of patient 3) is 20 years old and is extremely fatigued, having to sleep
much of the day. He tested positive for Bartonella. His 1,25D was 37.7 pg/ml and his 25D
was 13.2 ng/mi , with a D-ratio of 4.4,

Patient 5 (sister of patient 3) suffered from CFS and had a 1,25D of 80.8 pg/mi and a
25D of 36 ng/ml, with a D-ratio of 2.2. She had previously developed aplastic anemia, but
was 11 remission,

Patient 6 (sister of patients 3 and 5) is 45 years old and suffered from chronic headaches,
fatigue and dermatitis. She had a 1,25D of 48.9 pg/ml and a 25D of 22 ng/ml, with a D-ratio
of 2.2,
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Patient 7 is a 49-year-old female with chronic fatigue syndrome, osteoporosis, ovarian
cysts, chronic fungal infections, dermatitis and severe varicose veins. This patient had a 1.25
D of 50 pg/ml and a 23 D of 16.8 ng/ml, with a D-ratio of 3.1.

Patient 8 (husband of patient 7} is 57 years old. had been incapacitated for more than 10
years and suffered from the following conditions: CFS/FM, cognitive loss, skin granulomas,
neuropathy, fungal infections, reduced kidney function, lesions on pons and cerebral
peduncle shown by MRI, L3 disc degeneration, porphyria and prostatitis, and was positive
for Rickertsia and Bartonella. His 1,25 D was 42 pg/ml and his 25 D was 21.6 ng/ml, with a
D-ratio of 1.9. When placed on olmesartan and pulsed minocycline he experienced JHR in
response to the antibiotics. as expected.

Patient 9 is a 39-year-old female who was diagnosed with multiple sclerosis 9 years ago.
Her 1,25D was 53 pg/ml and her 25D was 35 ng/ml, with a D-ratio of 1.5. She 1s
experiencing JHR symptoms following the low doses of minocycline. After 2 months on the
protocol she has aiready experienced some improvements in strength, although it is too soon
to come to know if the improvements are significant.

Patient 10 is a 43-year-old male who was diagnosed with amyotrophic lateral sclerosis 2
years ago. His 1,25D was 58.9 pg/ml and his 25D was 36ng/ml. with a D-ratio of 1.6. He has
not yet begun antibiotic treatment. The high 1,25D suggests it is not under tight control by
the kidneys and is consistent with excessive extra-renal synthesis.

Patient 11 is a 54-year-old female who was diagnosed with rheumatoid arthritis 9 vears
ago. Her 1,25D level was 65 pg/ml and her 25D was 32 ng/ml, with a D-ratio of 2.0. The
reduction of mflammation achieved by the angiotensin receptor blocker, olmesartan, as part
of the antibiotic/immune modulation protocol, reduced her 1.25D levels by more than half 1o
31 pg/ml in 2 weeks. Afier the immune modulation accomplished through the olmesartan and
reducing vitamin D and solar exposure, she began experiencing JHR in response to even very
low doses of minocycline and has improved significantly after 1 vear on the protocol.
Previously, on high doses of almost all the antibiotics she had tried. including minocycline.
she had no JHR or significant improvement after 6 years. Her relatively high 25D is
explained by vitamin D supplementation recommended by her doctor, which gradually
climbed from 800 to 2400 JU daily. During this 2-year period on vitamin D supplementation,
her condition worsened.

Patient 12 is a 46-year-old female, disabled for 20 years by CFS, fibromyalgia syndrome,
and irritable bowel syndrome, who also received a diagnosis of chronic Lyme disease more
recently. Her 1,251 was 64 pg/ml and her 25D was 11 ng/ml, with a D-ratio of 5.8. Since she
was supplementing with 500 JU/day of vitamin D and her 1.25D was elevated, it seems much
more likely that her low 25D was due to extra-renal conversion to 1.25D than a vitamin D
deficiency. This is supported by the fact that she felt better when she lowered her vitamin D
intake and her tendency to feel worse, including having an elevaied heart rate, when in the
sun for even a foew minutes. After being on the protocol for 5 months, her D-ratio went down
to 3.7 (22 pg/ml 1,25D:6 ng/ml 25D). She experienced JHR exacerbations in response to
antibiotics and improved significantly over 8 months of treatment.
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Future Research Directions

There is little data on vitamin D metabolite levels and their corresponding extra-renal
sources in the majority of chronic diseases so clearly more studies are needed. Although, in
most diseases. 1.25D may not be as elevated as it is in sarcoidosis. a situation analogous to
RA may occur, in which 1.25D is generated locally. often without elevating the serum levels
significantly. In this case. experiments could be performed similar to those done by Mawer et
al. [45], as discussed above. in which a fairly large challenge dose of 25D is given to a group
of patients, as well as age- and sex-matched controls. The serum levels of 1,25D couid be
fotlowed in the days after the challenge, and inflamed tissues or fluids could be assayed as
well (e.g.. cerebrospinal fluid might be tested in the case of MS). This type of study couid
reveal whether significant extra-renal synthesis of 1.25D was occurring, as 1n RA, Crohn’s
disease and sarcoidosis. In virro studies of hydroxylase enzymes and D metabolites produced
by macrophages from various intlamed tissues wouid also be useful [37, 45, 46].

Chronic diseases provide good candidates for studies using these methods. In particular,
whenever vitamin D abnormalities have been tound or whenever a connection between
seasonality. latitude, solar exposure or D supplementation has been identified as having either
a positive or negative effect on the disease. we believe that looking for extra-renai synthesis
and bacterial involvement is essential.

It should be remembered that positive short-term effects resulting from vitamin D
supplementation would not be beneficial in the long run if these high 1.25D levels are
blocking the immune system’s attempts to combat an occuit infection underlying the disease.
To put it simply, stopping the immune system’s bacterial killing may make the patient feel
better, but does not mean they will be healthier in the long run.

We believe that any similarity to sarcoidosis in vitamin D dysregulation indicated by
these types of studies would then indicate the need for a trial of the same antibiotic and
immune-modulating protocol found to achieve a 90% success rate in sarcoidosis {31,

Examples of diseases that might merit these fypes of investigation, besides the ones
discussed previously, include heart disease, psychiatric disorders, Parkinson’s disease,
Alzheimer’s disease. autism and cancer. Seasonal variation in heart events may relate to
infection with organisms like Chlamydia preumoniae. which also show a seasonal pattern
[77. 78]. Mattman [79] has reported cases in which strokes or heart attacks seem to have been
communicable via Chlamydia preumoniae. which was also detected in the pleural fluid.
Nanobacteria, which are probably CWD bacterial forms, have also been found in calcified
human arteries and cardiac valves [80] and may respond to antibiotics [81].

In psychiatric illnesses affected by solar or light exposure, such as depression [82] of
bipolar disorder [83], studies looking for extra-renal synthesis of vitamin D should be
conducted. The prevalence of heart disease. depression and other cognitive and affective
symptoms in sarcoidosis, and their improvement during antibiotic treatment provide evidence
for the roie of bacteria-caused inflammation in these symptoms and support the need for such
studies. It has long been known that Lyme disease can produce heart damage, and Borreliosis
s also known to be able to cause psychiatric symptoms virtually indistinguishable from
schizophrenia, depression and bipolar disorder [84]. Fritzsche linked seasonal and geographic
patterns in schizophrenia to the tick that carries Borrelia burgdorferi [83].
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Parkinsen’s disease has shown evidence of vitamin D dysregulation [3] and some case
clusters have been found [86, 87], which we think might support an infectious cause. There
have cven been studies showing antibiotics to be at least partially effective in treating
Alzheimer’s disease [88] and even temporarily helpful in a subset of autism patients [89].
More research on vitamin D dysregulation and potential bacterial pathogens seems
warranted.

A number of observations suggest that these types of research approaches might be
profitably applied to cancer. Stomach cancer is known to be related to infection with
Helicobacter pyiori and in other cases, cancer has been increasingly linked to chronic
inflammation [20, 101, 103). Bacteria have also been linked to prostate cancer [91, 92, 93,
94]. Tuohimaa [95] found a U shaped curve of 25D levels in relation to prostate cancer, with
high levels of 25D being detrimental, as well as low levels, which seems to us to be
suggestive of D dysregulation. Mawer [96] found some patients with early breast cancer
showed high 1,25D levels, suggesting extra-renal synthesis.

Some of the reviews, [28.,62] suggest a benefit of vitamin 1) in cancer. A more recent
study by Townsend et al. [101] shows that the role of vitamin D in cancer is a lot more
complex than anticipated in these reviews. We have noticed that the calcium metabolism is
affected oniy rarely in Thl patients with hypervitaminosis D. There are also other rypes of
confounding that may occur in many of these correlational studies, as we discussed
previously in the section on multiple sclerosis, and these issues should be examined further,
Most importantly, we note that dysfunction of vitamin D metabolism seems to be an integral
part of the body’s reaction to intra-phagocytic CWD bacteria that our work demonstrates are
likely behind the Thl diseases and which have been postulated to be involved in the
pathogenesis of cancer [90, 92].

Once significant extra-renal synthesis of 1,25D due to activated macrophages is
established, one might proceed to determine whether the vitamin D dysregulation is due to a
bacterial pathogen by conducting a therapeutic trial with the antibiotic and immune
modulating protecol discussed previously [3]. In the short term, ene can obtain evidence for
bagterial causation by monitoring for Jarisch Herxheimer reactions in response to antibiotics,
and by detecting increases tm 1,251 that are associated with these rcactions. One can also
menitor longer-term changes in 25D and 1,25D during treatment.

We believe multipie bacterial species are involved in these Thl diseases and the protocol
we have described was designed to use several antibiotics to cover virtually all species and
strains of resistant bacteria likely to be encountered. Nicholson [76] has observed muitiple
species of bacteria in chronic fatigue syndrome patients and found that the more species
infecting a patient, the sicker they are. We believe the tendency to multiple infections is
largely due to the excessive cyfokine production and vitamin D dysregulation allowing
subsequent infections (o be acquired more easily. Thl patients also tend to acquire difficuit-
to-eradicate chronic viral, fungal and parasitic infections over time. Experience so far
suggests these organisms may be controlled adequately by improved immune function
following eradication of intracellular bacteria and these nonbacterial coinfections may not
need to be mdividually treated in many cases.
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Conclusion

We have shown [3,4] that in Thl disease, increasing levels of 25D fuel the conversion to
the active 1.25D metaboiite by the mitochondria in activated macrophages within inflamed
tissuc. To date, we have identified a pattern of vitamin D dysregulation which may include
clevated 125D, depleted 25D, or an elevated D-ratio in a variety of Thl diseases, including
rheuratoid arthritis, Hashimota's thyroiditis. lupus pemio, Meniere’s disease., CFS/ME,
tertiary Lyme disease, attention deficit hyperactivity ~ disorder, sarcoidosis  and
fibromnyalgia. In all of these diseases, our clinical experience has been that increasing the
availability of 25D to the inflamed tissue decreases the ability of the immune system 1o kall
the intra-phagocytic pathogens. Short term, this may result in a palliation of the patient’s
symptoms, but mn the long term facilitates progression of the chronic disease.

There has recently been evidence presented in favor of increasing recommended leveis of
vitamin D suppiementation in the general population [97]. However, until the degree of
vitamin D dysregulation due to chronic disease is clarified. extreme caution is warranted.
There are many Thl chronic conditions that initially present with mild symptoms, but in
which subclinical vitamin D dysregulation is manifest.

A lack of awareness of this issue may cause harm. in that vitamin D supplementation or
increased solar exposure, will insidiously worsen the condition. [llnesses where signs or
svmptoms improve with vitamin D supplementation must be studied with an eye to
identifying vitamin D dysregulation and extra-renal synthesis of 1.25D.

[t may not be appropriate to apply the same upper limit of normal for 1,25D to those with
chronic diseases as might apply to healthy people.

Qur experience indicates that further study of vitamin D dysregulation will provide a
window onto the functioning of the immune system, potentially leading to a pathogenic
description, improved diagnosis and effective treatment for many chronic idiopathic diseases.
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