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Vitamin D research is discussed in light of the hypothesis that the lower average levels of 
vitamin D frequently observed in autoimmune disease are not a sign of deficiency. 
Instead, it is proposed that the lower levels result from chronic infection with intracellular 
bacteria that dysregulate vitamin D metabolism by causing vitamin D receptor (VDR) 
dysfunction within phagocytes. The VDR dysfunction causes a decline in innate immune 
function that causes susceptibility to additional infections that contribute to disease 
progression. Evidence has been accumulating that indicates that a number of autoimmune 
diseases can be reversed by gradually restoring VDR function with the VDR agonist 
olmesartan and subinhibitory dosages of certain bacteriostatic antibiotics. Diseases 
showing favorable responses to treatment so far include systemic lupus erythematosis, 
rheumatoid arthritis, scleroderma, sarcoidosis, Sjogren’s syndrome, autoimmune thyroid 
disease, psoriasis, ankylosing spondylitis, Reiter’s syndrome, type I and II diabetes 
mellitus, and uveitis. Disease reversal using this approach requires limitation of vitamin 
D in order to avoid contributing to dysfunction of nuclear receptors and subsequent 
negative consequences for immune and endocrine function. Immunopathological 
reactions accompanying bacterial cell death require a gradual elimination of pathogens 
over several years. Practical and theoretical implications are discussed, along with the 
compatibility of  this model with cur rent research.
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Introduction

The conventional view of autoimmune disease 
is that it  results from the adaptive immune system 
“gone awry” resulting in inflammation and 

destruction of human tissue. Consequently, 
immunosuppressive agents are frequently used to 
curb what is considered to be inappropriate 
immune activation. One of the agents proposed for 
this purpose is vitamin D.1 The use of vitamin D in 
various forms has had particular appeal due to a 
lower level of the precursor form, 25-D (25-
hydroxyvitamin D), often being associated with 
autoimmune disease.1,2 This inverse association 
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has fostered the view that adding vitamin D is 
correcting a deficiency.

The new model discussed here is based on a 
different view of vitamin D and the pathogenesis 
of autoimmune disease.2,3 Vitamin D is a 
secosteroid, with a close resemblance in structure 
to immunosuppressive steroids. The levels of each 
of the vitamin D metabolites are affected by a 
complex network of feedback mechanisms 
involving multiple enzymes and receptors,2 
indicating vitamin D is regulated more like a 
steroid than a nutrient. A low level of serum 25-D 
is seen as the result of downregulation, rather than 
a causal factor leading to illness. Although vitamin 
D metabolite levels are seen as playing an 
important role, it is vitamin D receptor (VDR) 
dysfunction that is proposed to be the key factor in 
the disease process.

An intraphagocytic bacterial microbiota is 
proposed to be the primary cause of VDR 
dysfunction.2 Because the VDR is key  to the 
innate immune response, its dysfunction would 
lead to chronic infections with a wide range of 
pathogens, leading to inflammation and frequent 
elevation in autoimmune disease markers. 
Remission has been induced in a range of 
autoimmune and inflammatory  diseases using an 
anti-bacterial approach in which restoration of 
VDR function is used to aid in the elimination of 
the underlying infectious cause.3,4,5, 6,7, 8

The Vitamin D receptor (VDR) and 
the innate immune system

Vitamin D is produced in the skin upon 
exposure to UV radiation and varying amounts are 
also found in food (Table 1). The next step is 
conversion in the liver to 25-D and then a final 
hydroxylation step in the kidney to produce the 
active hormonal form, 1,25-D.2 However, it is 
now known that this last hydroxylation step  can 
occur in many other tissues, notably in activated 

macrophages and dendritic cells.2 The precursor 
form, 25-D, is the form that is most commonly 
measured.

The view of the vitamin D metabolites as 
primarily  of interest for bone metabolism has been 
superseded by  the recognition that when the only 
active form of vitamin D, 1,25-D (1,25-
dihydroxyvitamin D), activates the vitamin D 
receptor (VDR), it  affects the expression of more 
than 900 genes.2,9 One of the most important 
effects of VDR activation is its ability to increase 
the innate immune response, including the 
production of antimicrobial peptides, which are 
important in controlling a wide variety  of 
pathogens.2,10 The importance of innate/natural 
immunity  has been increasingly recognized in 
autoimmune disease, as well.2,11 

 

Nature of bacterial microbiota 
implicated in autoimmune disease

The potential for chronic infectious agents to 
be a causal factor for autoimmune disease has long 
been recognized and has recently  been receiving 
increasing attention.12,13 Shoenfeld et al.14 noted 
that autoimmune disease markers can be highly 
elevated during chronic mycobacterial infections. 
Advances in detection techniques using improved 
genome-based12 and culturing methodologies15 
will almost certainly greatly expand the number of 
pathogens implicated in chronic disease.  

It is increasingly recognized that bacteria can 
persist as cell wall deficient  variants (a.k.a. L-
forms),15,16,17 and as “persister” forms within 
metagenomic bacterial communities.18 Biofilm 
communities are protected by a polymeric matrix 
that allow bacteria to survive both immune system 
attack and antibiotic administration.18 Bacteria 
have been observed in intracellular inclusions in a 
number of autoimmune diseases17,19 and have been 
observed persisting within phagocytes.15 
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Recent examples of how advanced molecular 
techniques can uncover previously  undetected 
bacteria include a study  of bacterial diversity  in 
wounds20 and a study of biofilm communities in 
pa t i en t s wi th Bar re t t ’s e sophagus ,21 a 
precancerous condition. It would seem that more 
studies applying advanced microbiological 
techniques to autoimmune diseases are called for, 
as well. 

Marshall2 has noted that any  intracellular 
bacteria capable of producing a substance that 
blocks the VDR would have an effective strategy 
for disabling the immune system. Molecular 
modeling has indicated that one type of bacteria 
does produce a substance capable of disabling the 
VDR, providing proof of concept.2 It is the 
sulfonolipid capnine, produced by some gliding 
bacteria. Similar gliding bacteria have been 
identified in biofilm communities on prosthetic 
hip joints.2,6

 Immune activation accompanies bacterial 
killing, and this leads to transient increases in 
symptoms that vary greatly in nature and severity. 
These reactions have been referred to as being 

similar to Jarisch-Herxheimer reactions,3,8 immune 
reconstitution inflammatory syndrome or para-
inflammation22 and have been related to apoptosis 
of infected cells and cytokine increases.6 We will 
refer to this range of reactions as immuno-
pathological reactions. Immunosuppressive agents 
will tend to reduce these reactions and minimize 
symptoms. However, over the long-term, such an 
approach is seen as counterproductive, as 
decreased immune function allows chronic 
pathogens to persist and spread with greater ease 
(Table 2).   

VDR dysfunction leads to lowered 
25-D and elevated 1,25-D 

A model of vitamin D metabolic pathways was 
presented by Marshall,2 showing how bacteria-
induced VDR dysfunction could explain the low 
25-D and high 1,25-D levels observed in a variety 
of autoimmune diseases. The model also provides 

Table 1.  A simple overview of several important vitamin D metabolites and their significance in Marshall’s 
VDR-dysfunction model of autoimmune/inflammatory disease. At higher concentrations, all of the vitamin D 
metabolites act upon other receptors, with potentially damaging effects on hormonal and immune function. 
For detailed model of feedback system affecting vitamin D metabolite levels, see Marshall.2

Vitamin D Metabolite Sources                 Measurement in clinical setting
Effect on Vitamin D Receptor 

(VDR)

Vitamin D skin, food, supplements not measured concentration dependent 
antagonist

25-D converted from vitamin D most commonly measured
diagnostically useful

concentration dependent 
antagonist

1,25-D: Active Form converted from 25-D seldom measured 
proper handling important
diagnostically useful

concentration dependent 
agonist -- ineffective when 
VDR is blocked
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the model presented here. An absent VDR 
achieved through genetic manipulation as in the 
VDR knockout mice can be compared to a VDR 
disabled by chronic pathogens, with both causing 
low 25-D and high 1,25-D levels. 

Vitamin D metabolites, vitamin D 
receptor dysfunction and the innate 

immune system

Recent in silico data indicates that vitamin D 
supplementation, if it achieves high enough levels 
of the precursor forms, vitamin D and 25-D, 
actually contributes to VDR blockage, and a 
decrease in the innate immune response (Table 1).
5

In addition, supplemental vitamin D, by 
increasing levels of 25-D and 1,25-D, can affect 

the basis for a treatment that restores normal VDR 
and innate immune system function (Table 2).

Although usually tightly regulated by the 
kidneys, 1,25-D production can rise to high levels 
in inflammatory diseases, such as sarcoidosis, due 
to unregulated extrarenal production by activated 
macrophages and dendritic cells.2,7 High levels of 
1,25-D can also bind to the nuclear receptor, PXR, 
and inhibit the ability of the enzyme CYP24A1 to 
break down 1,25-D and thus regulate its levels.2 
This generally  results in elevated serum 1,25-D in 
autoimmune diseases.2,7 

Elevated levels of 1,25-D bound to the PXR 
also inhibit the conversion of vitamin D to 25-D in 
the liver. This ability  of high levels of 1,25-D to 
downregulate the production of 25-D has been 
observed in vivo and has been linked to diseases 
such as sarcoidosis.23 

The pattern of vitamin D metabolite levels in 
VDR knockout mice24 appears to be supportive of 

Table 2. Marshall’s VDR-dysfunction model of autoimmune/inflammatory disease2,3,8,22 – summary of main 
components of model’s etiology, treatment and predictions.

Model Facet Model Component

Etiology 1. Intraphagocytic bacteria produce ligands that block the vitamin D receptor.
2. Blocked VDR reduces innate immune function, allowing pathogens to increase.
3. High 25-D and 1,25-D can contribute to inhibition of innate immune function.
4. Development of autoimmune/inflammatory disease, with the particular diagnosis varying with 

the organisms acquired and host factors. 
Treatment 1. VDR agonist olmesartan partially displaces bacterial products that block VDR.

2. Vitamin D metabolites lowered by reducing ingested vitamin D and sun exposure.
3. Selected, low-dosage, pulsed bacteriostatic antibiotics are used.
4. To avoid severe immunopathology reactions, low dosages of minocycline alone are used at 

first, other antibiotics being added later over several years.

Prediction 1. Low 25-D and high 1,25-D serum levels, resulting from high 1,25-D inhibiting conversion of 
vitamin D to 25-D, will be useful for diagnosis of chronic inflammatory illnesses.

2. Increasing vitamin D metabolites to high levels will be palliative in short-term and harmful in 
long-term.

3. Improved immune function with treatment will aid in the control of many bacterial and non-
bacterial pathogens.



Waterhouse et al.: Bacteria-induced VDR Dysfunction 

 This is a preprint of an article published in Annals of the New York Academy of Sciences (PMID: 19758226)
(c) Copyright, 2009, New York Academy of Sciences.

the activation of other receptors.2 Molecular 
modeling indicates that at high levels, 25-D and 
1,25-D can displace the natural ligands from 
nuclear receptors such as the thyroid-alpha-1, 
adrenal, and glucocorticoid receptors. This 
displacement appears to have the potential to 
disrupt the endocrine system.2 It  could also lead to 
immunosuppression by reducing the ability  of 
these receptors to induce production of 
antimicrobial peptides.2

Thus, at least two mechanisms exist by which 
vitamin D supplementation could suppress innate 
immune system function. This suppression would 
lead to short-term improvements in patients taking 
higher levels of vitamin D by slowing bacterial 
death and subsequent  immunopathological 
reactions. Therefore, studies that evaluate the role 
of vitamin D supplementation in chronic 
inflammatory diseases should take into account 
the potential for short-term symptom reduction, 
but exacerbation of the disease process over the 
long-term due to pathogen increase.

Short-term palliation generated by increased 
production of vitamin D in the skin could account 
for some reports of seasonal improvement in 
autoimmune disease symptoms.25 It is also 
consistent with observations of recovery  being 
hampered in the long-term by  high serum 25-D 
and 1,25-D levels.7

Evidence supporting this negative effect of 
higher 25-D and 1,25-D levels can be found in a 
number of studies in diverse fields. Peacock et al.
26 found higher levels of 25-D blunted the 
favorable effect  of calcium on bone density. Some 
recent studies are finding higher levels of cancer 
when 25-D is raised27,28 or when there is evidence 
of higher amounts of long-term sun exposure.29 
Freedman et al.30 found higher overall cancer 
mortality at the two highest 25-D quintiles in a 
large, moderately long-term (median 8.9 years) 
prospective study, though it did not reach 
statistical significance. Ramos-Remus et al.31 

found a 12 year earlier average age of onset of 

rheumatoid arthritis in Mexico as compared to the 
relatively light-deprived Canada. Payne et al.32 
found a higher volume of brain lesions by MRI 
was associated with greater vitamin D intake. In 
the multivariable regression model, vitamin D 
intake retained its highly significant correlation 
with brain lesion volume (p=0.007) even after the 
effect of calcium consumption was statistically 
removed. These lesions have been found to reflect 
gray and white matter damage and are associated 
with dementia, depression, stroke and other 
impairments.32 

Marshall2 reviewed recent large meta-analyses 
looking at  vitamin D and autoimmune disease, 
overall mortality, cancer mortality  and bone 
density  and found that in general, they did not 
show a clear benefit for vitamin D supplemen-
tation. Problems with many studies on vitamin D 
include failure to adequately consider confounding 
factors, failure to measure the active metabolite 
(1,25-D), inadequate study lengths, overreliance 
on in vitro and animal studies, lack of 
randomization7 and a failure to consider the 
alternative hypothesis for low vitamin D levels.

As mentioned previously, the majority of 
studies inferring vitamin D deficiency plays a role 
in causing disease are epidemiological studies that 
are just as consistent with the alternative 
hypothesis that low vitamin D levels are a result  of 
the disease process, rather than a cause. One 
exception is in diabetes mellitus type I, where 
there are several studies that find vitamin D 
supplementation to be associated with lower 
diabetes rates.1 These studies, however, were not 
randomized, and thus could easily be biased by 
confounding factors affecting who decides to give 
supplemental vitamin D to their infants and small 
children. And even if a preventive benefit  were 
confirmed in further studies, it would not follow 
that vitamin D supplementation would be 
beneficial once disease is established or when 
subjects are older. Nor would it  follow that it 
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would be the safest or most effective means of 
prevention.

Although there is some evidence that raising 
25-D levels fuels innate immune function by 
increasing the availability of precursor 25-D to be 
converted to 1,25-D,10,33 the results are not 
consistent34 and further studies are needed. Even if 
this were to be confirmed in the healthy general 
population, however, it would not  necessarily be 
true for those who already have bacteria-induced 
VDR dysfunction. A divergence in response in 
different populations might even be an 
explanation for the mixed, inconclusive results in 
vitamin D studies.

On the whole, we see increasing support for 
the alternate model in which bacteria-induced 
VDR dysfunction is the cause of many 
autoimmune diseases. Vitamin D dysregulation 
would be expected to precede the onset of 
symptoms and increase with advancing illness. It 
would also account for the lower average 25-D 
levels observed in a wide range of chronic 
diseases. 

Practical implications of the model 
for diagnostic purposes 

Acceptance of the bacteria-induced VDR 
dysfunction model has a number of implications 
for diagnosis, identification of at-risk family 
members, assessment of disease severity and 
treatment decisions in autoimmune disease. A high 
1,25-D, a low 25-D or a high D-ratio (1,25-D/25-
D) can all be used as signs of vitamin D 
dysregulation and suggest inflammatory disease 
involving VDR dysfunction (Table 1). Use of 
serum 25-D and 1,25-D levels as markers of 
inflammation requires first ruling out  secondary 
hyperparathyroidism due to low calcium intake or 
elevated phosphorus due to kidney disease.

Marshall et al.3 found an elevated D-ratio 
ranging from 2.0 to more than 4.5 in sarcoidosis. 

An abnormal ratio has also been observed in a 
number of different autoimmune diseases, 
including RA, SLE and Sjogren’s syndrome.3,7

Although vitamin D metabolite levels can 
indicate whether a patient has one of a number of 
inflammatory or autoimmune diseases related to 
vitamin D dysregulation, they  do not allow for 
determination of a specific diagnosis.7 For the 
latter goal, other tests would be needed. However, 
a very high 1,25-D (e.g., >80 pg/ml or 200 nmol/l) 
suggests involvement of one or more highly 
perfused tissues, such as the lungs, heart or 
gastrointestinal tract.7

Since the active form of vitamin D (1,25-D) 
tends to degrade easily, the serum sample must be 
kept frozen for transport and analyzed fairly soon 
after it is received.7 While the largest owner of 
laboratories in the U.S., Quest Diagnostics, 
requires this level of rigor, many others do not.  

Evidence indicates that the normal reference 
ranges used by  most laboratories are too broad.7,22 
One of the reasons for this is the supplementation 
of the food supply in some countries. Also, there 
are likely to be individuals assumed to be 
“normal” who have early, relatively  asymptomatic, 
undiagnosed illness resulting in high 1,25-D 
levels. These and other factors make it hard to 
determine the most appropriate “normal” range for 
vitamin D metabolites.

As with nearly all diagnostic tests, serum 
vitamin D tests can give false negatives. For 
instance, VDR dysfunction may be so high that 
bacterial killing is minimized and inflammation is 
relatively low, leading to lower 1,25-D than 
expected. Alternatively, regulation of serum 1,25-
D by the kidneys may be able to compensate for 
the production by  activated macrophages. Thus, in 
some tissues, 1,25-D may reach high levels 
locally, but there may be little or no elevation in 
serum levels.7 

In many cases, low 25-D may  be a good 
indicator of disease state due to the feedback 
mechanism discussed earlier in which blockage of 
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the VDR downregulates the conversion of vitamin 
D to the 25-D form. In other cases, 25-D is likely 
to be less diagnostic due to particularly high 
supplemental/dietary  vitamin D ingestion and/or 
high sun exposure.

In cases where 25-D levels are normal and 
disease is suspected, a therapeutic probe can be 
used to aid in diagnosis.  This involves 
administering the VDR agonist olmesartan 
followed by pulsed, low dosages of minocycline.* 
Typically, systemic immunopathological reactions 
that wax and wane with each dose of antibiotic 
reveal the presence of bacteria.7,8,22 The 
enhancement of the response by the VDR agonist 
olmesartan supports the importance of VDR 
dysfunction. In some patients with high 25-D, we 
have observed the response to the therapeutic 
probe to be delayed or reduced until their high 25-
D levels decline through reducing ingested 

vitamin D and sun exposure. This further supports 
the contention that high 25-D levels have the 
ability  to slow the innate immune response in 
chronically ill patients.

Reversal of autoimmune diseases 
through restoring VDR function 

Evidence indicates that remission can be 
induced in a wide range of autoimmune diseases 
with an approach that restores innate immune 
function through restoring VDR function.7, 8  Upon 
administration of the VDR agonist olmesartan, 
most patients with autoimmune diseases 
experience a significant change in their symptom 
level due to a combination of olmesartan’s effect 
on VDR activation and its palliative effects on 
other receptors.22

In silico data has shown that olmesartan has a 
high affinity  for the vitamin D receptor (Figure 1).
5 The high concentrations of olmesartan used in 
this treatment protocol allow it to activate the 
VDR at an effective level for the activation of the 
innate immune response, despite the bacteria-
induced VDR dysfunction.

The use of pulsed, subinhibitory, bacteriostatic 
antibiotics is an important part of this approach. 
Research indicates that most standard antibiotic 
protocols used so far to treat chronic inflammatory 
diseases are ineffective,35 and so new ways of 
using antibiotics are called for to deal with the 
relative treatment resistance of the bacteria 
involved. For instance, many antibiotics will not 
be effective because they  target cell walls and this 
actually promotes the production of cell wall 
deficient forms of bacteria.18 Furthermore, when 
taken at high dosages, many antibiotics are able to 
cause potentially  significant inhibition of 
phagocytic functioning.36 

The survival of “persister” cells when constant 
dosages are used means that pulsed antibiotics are 
likely to be more effective.18 The ability of 

Figure 1. Olmesartan in the ligand binding pocket 
of the VDR structure optimized from [PDB:1DB1].2 
The VDR and ligand combination have been 
optimized using molecular dynamics to the minimum 
energy agonist conformation. Olmesartan forms 
hydrogen bonds with the following VDR residues: 
SER237, ARG274, SER278, LYS240 and ASP144.

* For guidelines detailing the antibiotics, dosages and pulsing 
schedules used, contact Foundation@AutoimmunityResearch.org.
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bacteriostatic antibiotics to be effective at low 
dosage levels has been documented.37 The 
existence of communities of multiple bacterial 
species, like those occurring in biofilms, means 
that combinations of antibiotics are likely  to be 
necessary  to fully target all species. Thus, there is 
increasing support for the use of pulsed, low 
dosages of combinations of bacteriostatic 
antibiotics. 

The immunopathological reactions elicited by 
the VDR agonist olmesartan support the presence 
of VDR dysfunction. The waxing and waning of 
symptoms that typically follows each of the pulsed 
antibiotic doses supports the model’s contention 
that bacteria are involved in autoimmune disease. 
The fact that these immunopathological responses 
decline over time, as the patient improves during 
treatment, provides evidence of disease reversal.

 Diseases responding to treatment include 
systemic lupus erythematosus, rheumatoid 
arthritis, scleroderma, Sjogren’s syndrome, 
autoimmune thyroid disease, psoriasis, ankylosing 
spondylitis, Reiter’s syndrome, type I and II 
diabetes mellitus and uveitis8 and sarcoidosis.3 
Fibromyalgia, though not generally established as 
an autoimmune disease, has also responded 
favorably to this approach.5, 7

Bone density  data gathered so far indicate that 
as long as patients ingest adequate calcium there is 
typically either improvement in bone density, or at 
least, a reduced rate of decline in bone density 
over the course of this treatment. This is consistent 
with the model’s prediction that use of the VDR 
agonist, olmesartan, and elimination of the 
intraphagocytic bacteria will improve VDR 
function and allow for sufficient calcium 
absorption without supplemental vitamin D.

It should be noted that the immuno-
pathological reactions resulting from this approach 
are sometimes strong enough to be life-threatening 
in patients with more advanced disease.3 These 
reactions are consistent with a high accumulation 
of chronic pathogens not previously  controlled 

adequately by the immune system. 
The intensity of the immunopathological 

reactions is a potentially limiting factor when it 
comes to treating patients with advanced disease. 
The identification or development of palliative 
medications that can reduce damage due to 
immunopathological reactions, but do not also 
cause VDR dysfunction or immune suppression to 
a damaging degree, could improve prospects for 
such patients and marks one of our ongoing areas 
of investigation. 

The choice of a VDR agonist is very important 
so as to achieve the right level of VDR activation 
without negatively impacting the activity of other 
nuclear receptors also involved in the immune 
response.2 So far, olmesartan is the only agent that 
seems to satisfy  these requirements. In addition, a 
careful control of antibiotic timing and dosage by 
a schedule determined by experience and modified 
according to individual reactions,* is required in 
order to reduce immunosuppressive effects of the 
antibiotics and maximize their ability  to target 
these treatment-resistant bacteria.8,22 

Conclusions

The model presented here describes a method 
of eliminating chronic infectious agents that are 
proposed to be the cause of many autoimmune 
diseases (Table 2). The ability of certain 
intraphagocytic bacter ia to cause VDR 
dysfunction is believed to be key. Increasing 
evidence indicates that vitamin D supplementation 
can contribute to bacteria-induced dysfunction of 
the VDR. This VDR dysfunction leads to 
immunosuppression that, while palliative in the 
short-term, is counterproductive for long-term 
healing. The VDR agonist  olmesartan, however, 
has been found to accomplish the necessary degree 
of VDR activation without negatively affecting 
other receptors involved in the innate immune 
response.
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Among patients in which VDR activation is 
accomplished with olmesartan, the innate immune 
system, with the help  of pulsed, low dosage, 
broad-spectrum, bacteriostatic antibiotics,* 
appears to have reversed the disease process in a 
number of autoimmune diseases.5,8,22 The 
immunopathological response typically observed 
after each pulse of antibiotics, along with 
subsequent long-term improvement, provides 
evidence for the validity of this approach and the 
causal role of bacteria in many autoimmune 
diseases.3, 5, 7, 8

Thus, an “alternate” model exists that is 
consistent with a variety of observations regarding 
vitamin D metabolites and autoimmune diseases 
and is based on bacterial blockage of the VDR. A 
treatment that targets the source of VDR 
dysfunction is currently showing great potential 
for reversing many  autoimmune diseases.3, 7, 8 
Further research is needed on various aspects of 
the model and anti-bacterial protocol. However, it 
appears that this approach could provide a 
potentially curative treatment for many chronic, 
debilitating diseases. 

Due to the length of this paper, we are unable 
to summarize all of the cutting edge issues that 
surround this research. For this reason, we refer to 
the following recent literature on this subject.
38,39,40,41,42

Acknowledgements 

Trevor Marshall provided Figure 1 and Janet Raty 
prepared it for publication.

References

1. Ponsonby, A.L., R. M. Lucas & I. A. van der Mei. 
2005. UVR, vitamin D and three autoimmune 
diseases--multiple sclerosis, type 1 diabetes, 
rheumatoid arthritis. Photochem. Photobiol. 81: 

1267-75.
2. Marshall, T. G. 2008. Vitamin D discovery 

outpaces FDA decision making. Bioessays. 30: 
173-82.

3. Marshall, T. G. & F. E. Marshall. 2004. Sarcoidosis 
succumbs to antibiotics--implications for 
autoimmune disease. Autoimmun Rev. 3: 295-300.

4. Arasaki, K. 2006. Report on a case of systemic 
sarcoidosis treated according to the Marshall 
Protocol. The 26th Conference of the Japan 
Society of Sarcoidosis and Other Granulomatous 
Diseases. Tokyo, Japan, October 6.

5. Marshall, T. G. 2006. VDR nuclear receptor 
competence is the key to recovery from chronic 
inflammatory and autoimmune disease. Days of 
Molecular Medicine. Stockholm, Sweden, May 
24-27.

6. Marshall, T. G. 2008. VDR receptor competence 
induces recovery from chronic autoimmune 
d isease . 6 th In terna t ional Congress on 
Autoimmunity. Porto, Portugal, September 11.

7. Waterhouse, J., et al. 2006. 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. In Vitamin D: New Research: 
1-23. Nova Science Publishers. New York, NY.

8. Perez, T. 2008. Bacteria induced vitamin D 
receptor dysfunction in autoimmune disease: 
theoretical and practical implications for 
interpretation of serum vitamin D metabolite 
l e v e l s . 6 t h I n t e r n a t i o n a l C o n g r e s s o n 
Autoimmunity. Porto, Portugal, September 11.

9. Wang, T. T., et al. 2005. Large-scale in silico and 
microarray-based identification of direct  1,25-
dihydroxyvitamin D3 target  genes. Mol 
Endocrinol. 19: 2685-95.

10. Liu, P. T., et al. 2006. Toll-like receptor triggering 
of a vitamin D-mediated human antimicrobial 
response. Science. 311: 1770-3.

11. Wen, L. & F. S. Wong. 2005. How can the innate 
immune system influence autoimmunity in type 1 
diabetes and other autoimmune disorders? Crit Rev 
Immunol. 25: 225-50.



Waterhouse et al.: Bacteria-induced VDR Dysfunction 

 This is a preprint of an article published in Annals of the New York Academy of Sciences (PMID: 19758226)
(c) Copyright, 2009, New York Academy of Sciences.

12. Fredricks, D. N. & D. A. Relman. 1998. Infectious 
agents and the etiology of chronic idiopathic 
diseases. Curr Clin Top Infect Dis. 18: 180-200.

13. Pordeus, V., et al. 2008. Infections and 
autoimmunity: a panorama. Clin Rev Allergy 
Immunol. 34: 283-99.

14. Shoenfeld, Y. & D. A. Isenberg. 1989. The mosaic 
of autoimmunity. Immunol Today. 10: 123-6.

15. Casadesus, J. 2007. Bacterial L-forms require 
peptidoglycan synthesis for cell division. 
Bioessays. 29: 1189-91.

16. Domingue, G. J., Sr. & H. B. Woody. 1997. 
Bacterial persistence and expression of disease. 
Clin Microbiol Rev. 10: 320-44.

17. Mattman, L. 2000. Cell Wall Deficient Forms: 
Stealth Pathogens. CRC Press. Boca Raton, FL.

18. Lewis, K. 2007. Persister cells, dormancy and 
infectious disease. Nat Rev Microbiol. 5: 48-56.

19. Wirostko, E., L. Johnson & W. Wirostko. 1989. 
Juvenile rheumatoid arthritis inflamm-atory eye 
disease. Parasitization of ocular leukocytes by 
mollicute-like organisms. J Rheumatol. 16: 
1446-53.

20. Dowd, S. E., et al. 2008. Survey of bacterial 
diversity in chronic wounds using pyrosequencing, 
DGGE, and full ribosome shotgun sequencing. 
BMC Microbiol. 8: 43.

21. Macfarlane, S., et al. 2007. Microbial colonization 
of the upper gastrointestinal tract in patients with 
Barrett's esophagus. Clin Infect Dis. 45: 29-38.

22. Blaney, G. 2008. Vitamin D metabolites as clinical 
markers in autoimmune and chronic illness. 6th 
International Congress on Autoimmunity. Porto, 
Portugal, September 11.

23. Bell, N. H., S. Shaw & R. T. Turner. 1984. 
Evidence that  1,25-dihydroxyvitamin D3 inhibits 
the hepatic production of 25-hydroxyvitamin D in 
man. J Clin Invest. 74: 1540-4.

24. Yoshizawa, T., et al. 1997. Mice lacking the 
vitamin D receptor exhibit  impaired bone 
formation, uterine hypoplasia and growth 
retardation after weaning. Nat Genet. 16: 391-6.

25. Cutolo, M., et al. 2006. Circannual vitamin d 
serum levels and disease activity in rheumatoid 
arthritis: Northern versus Southern Europe. Clin 
Exp Rheumatol. 24: 702-4.

26. Peacock, M., et al. 2000. Effect  of calcium or 
25OH vitamin D3 dietary supplementation on bone 
loss at  the hip in men and women over the age of 
60. J Clin Endocrinol Metab. 85: 3011-9.

27. Tuohimaa, P., et al. 2004. Both high and low levels 
of blood vitamin D are associated with a higher 
prostate cancer risk: a longitudinal, nested case-
control study in the Nordic countries. Int J Cancer. 
108: 104-8.

28. Stolzenberg-Solomon, R. Z., et al. 2006. A 
prospective nested case-control study of vitamin D 
status and pancreatic cancer risk in male smokers. 
Cancer Res. 66: 10213-9.

29. Efird, J. T., et al. 2002. Risk of subsequent  cancer 
following invasive or in situ squamous cell skin 
cancer. Ann Epidemiol. 12: 469-75.

30. Freedman, D. M., et al. 2007. Prospective study of 
serum vitamin D and cancer mortality in the 
United States. J Natl Cancer Inst. 99: 1594-602.

31. Ramos-Remus, C., et al. 2007. Latitude gradient 
influences the age of onset in rheumatoid arthritis 
patients. Clin Rheumatol. 26: 1725-8.

32. Payne, M.E., J.J.B. Anderson & D. C. Steffens. 
2008. Calcium and vitamin D intakes may be 
positively associated with brain lesions in 
depressed and non-depressed elders. Nutr Res. 28: 
285–92.

33. Martineau, A. R., et al. 2007. A single dose of 
vitamin D enhances immunity to mycobacteria. Am 
J Respir Crit Care Med. 176: 208-13.

34. Yesudian, P. D., et al. 2008. The effect of 
ultraviolet B-induced vitamin D levels on host 
resistance to Mycobacterium tuberculosis: a pilot 
study in immigrant Asian adults living in the 
United Kingdom. Photodermatol Photoimmunol 
Photomed. 24: 97-8.

35. Onwuamaegbu, M. E., R. A. Belcher & C. Soare. 
2005. Cell wall-deficient  bacteria as a cause of 
infections: a review of the clinical significance. J 
Int Med Res. 33: 1-20.

36. Labro, M. T. 2000. Interference of antibacterial 
agents with phagocyte functions: immuno-
modulation or "immuno-fairy tales"? Clin 
Microbiol Rev. 13: 615-50.

37. Milatovic, D. 1982. Effect of subinhibitory 
antibiotic concentrations on the phagocytosis of 



Waterhouse et al.: Bacteria-induced VDR Dysfunction 

 This is a preprint of an article published in Annals of the New York Academy of Sciences (PMID: 19758226)
(c) Copyright, 2009, New York Academy of Sciences.

Staphylococcus aureus. Eur J Clin Microbiol. 1: 
97-101.

38. Proal, A. D., P. J. Albert & T. G. Marshall. 
Dysregulation of the Vitamin D Nuclear Receptor 
may contribute to the higher prevalence of some 
autoimmune diseases in women. Ann NY Acad Sci. 
in press. 

39. Cannell, J. J. 2008. Discovering the obvious, 
damaging the defenseless. Nutr Res. 28: 809-10.

40. Payne, M. E., J. J. Anderson & D. C. Steffens. 
2008. Discovering the obvious, damaging the 
defenseless-Reply. Nutr Res. 28: 809-10.

41. Baio, P., et al. 2008. Autoimmune diseases and 
infections: controversial issues. Clin Exp 
Rheumatol. 26: S74-80. 

42. Ercolini, A. M. & S. D. Miller. 2009. The role of 
infections in autoimmune disease. Clin Exp 
Immunol. 155: 1-15.


