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Abstract
The concept of autoantibodies was developed at a time when, due to the limitations of culturebased techniques, the human body was considered to be largely sterile. However, over the
past few years, researchers in the emerging field of metagenomics have developed molecular
tools that instead allow microbes to be identified by their genomic fingerprints. These tools
have opened a door to an era of tremendous discovery. Homo sapiens has been shown to
harbor thousands of species of microbes in tissue and blood that were previously undetectable.
Today it is estimated that around 90% of the cells in the human body are microbial, and that
the genes of these microbes outnumber our own by a factor of at least 10:1. The genomes of
intracellular microbes can directly interact with our own genomes, meaning that humans may
be best described as superorganisms. When populations of these microbes interfere too much
with the metabolism of Homo sapiens, the resulting changes in the proteome can lead to
disease. This suggests that the inflammation observed in "autoimmune" disease may instead
result from an effort by the innate immune system to target pathogens and restore microbial
homeostasis. Many intracellular microbes survive by dysregulating the expression of genes
and antimicrobials via key nuclear receptors. The VDR nuclear receptor plays a critical role by
expressing cathelicidin and TLR2, the primary intracellular defenses. It appears that the
pathogens that cause autoimmune disease accumulate during a lifetime, with individuals
increasingly accumulating microbes as the innate immune response becomes incrementally
compromised. One reason that autoimmune disease is more common in women may be that
they have an additional site of VDR expression, in the cycling endometrium. Thus, they may
more easily acquire microbial loads than their male counterparts. The interaction of many
different microbes acting in concert is more likely to cause a particular autoimmune condition
rather than, as Koch suggested, a single organism. This helps account for the high levels of comorbidity observed amongst patients with autoimmune conditions. Autoantibodies are
increasingly being identified as the body's response to specific pathogens, with collateral
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damage from these antibodies exacerbating the disease process. The possibility that microbes
drive the autoimmune disease state calls for a re-evaluation of how these diseases are
routinely treated. While the standard of care for autoimmune disease remains the use of
medications that slow the immune response, treatments aimed at eradicating pathogens would
attempt instead to stimulate the body's antimicrobial defenses. We have collaborated with
American and international clinicians to research a therapy designed to reactivate the innate
immune response in patients with autoimmune disease. Our case series demonstrate that
patients generally report symptomatic improvement, but only after experiencing temporary
increases in inflammation and disease symptoms. This is likely due to immunopathology - a
reaction in which the release of cytokines and cellular debris accompany microbial death. Thus
we must reconsider the long-term consequences of using immunosuppressive substances. For
example, the secosteroid vitamin D reduces inflammation, but may do so at the expense of
slowing the innate immune response and its ability to target underlying pathogens.
Furthermore, the concept of vitamin D "deficiency" may itself be flawed. The low levels of 25-D
in many patients with inflammatory conditions may be a result rather than a cause of the
disease process. Conventional interpretation of other out- of-range metabolites must be
similarly re-examined. This work offers a novel framework with which to understand and treat
inflammatory disease, with broad implications across many disciplines. Efforts to further
validate this model are needed, taking researchers down entirely new avenues of exploration.
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General introduction
In 2010, Sapkota used 16S rRNA-based taxonomic microarray to show that bacteria
persisted in five commonly smoked brands of cigarettes.1 Such genomic sequencing tools as
well as pyrosequencing and single cell sampling techniques can identify microbes by their
genetic fingerprints and have proven vastly more effective than the culture-based techniques
used for most of the past century. In fact, Sapkotaʼs method for identifying bacteria proved
so powerful that she identified fifteen classes of bacteria and a broad range of pathogenic
organisms in every cigarette tested – the vast majority of which have never been identified
by in vitro technologies. While cigarette smoking has been linked to disease for some time,
results like this imply that we must re-examine the hypotheses that underpin most of our
research. By allowing for the identification and characterization of microbes in tissues once
considered sterile, these new molecular tools allow much more compelling explanations for
how disease develops and proliferates.

Autoimmune disease is widely understood to be a form of illness in which the adaptive
immune system loses tolerance and begins to create autoantibodies against self. Over the
past decades, researchers have characterized the relentless and long-standing inflammation
that defines these diseases and their relapsing/remitting nature, but have not conclusively
proven causation.

Numerous studies point to the chronic presence of microbes in patients with autoimmune
disease, suggesting that they could play a role in the disease process. However, the
autoimmune community continues to rely heavily on culture-based methods for microbial
detection rather than use molecular tools. Thus, microbial prevalence and diversity are
greatly underestimated in vivo. Tissue, blood, and cells continue to be regarded as largely
sterile. In addition, historical assumptions still dominate the study of any identified
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pathogens. Researchers are expected to adhere to Kochʼs postulates and consequently the
notion of “one microbe, one disease” continues to hold sway.

Yet at the same time, researchers in another disparate field are actively re-defining the
human/microbe relationship. That field is metagenomics - a specialty in which researchers
perform genomic analysis of the microorganisms present in a specific habitat (a
microbiome). In 2007, the NIH Human Microbiome Project was initiated, allowing dozens of
research teams to identify previously undetected microbes and explore their ability to directly
interact with the human genome.2 Some commentators have gone so far as to refer to the
human body as a superorganism "whose metabolism represents an amalgamation of
microbial

and

human

attributes."3

Thus,

metagenomic

studies

examine

the

metatranscriptome, or the expressed genetic information of an entire ecosystem.

It is now accepted that over 90% of cells in the human body are bacterial, fungal, or
otherwise non-human in origin. Only a fraction of these microbes have been characterized,
much less identified. The sheer number of non-human genes represented by the human
microbiota – 1,000,000+ compared to the meager 23,000 in the human genome – implies we
have just begun to fathom the full extent to which microbes impact the human condition in
both health and disease.

Yet, as discussed above, most researchers in the field of autoimmunity have yet to apply
these new findings to their work. This thesis represents an effort to cross-pollinate research
from the field of autoimmunity with the copious data emerging from metagenomic studies.

We expound a novel model, a pathogenesis for autoimmune disease that describes how the
genomes of many intracellular pathogens can interact directly with the human genome in
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order to cause the catastrophic metabolic dysbiosis associated with the autoimmune disease
state.

This pathogenesis centers on how communities of intracellular microbes can dysregulate
gene expression by key nuclear receptors, particularly the vitamin D nuclear receptor (VDR),
in order to promote their survival. Evidence is presented showing that microbial communities
may act in concert to drive the inflammation characteristic of the autoimmune disease state
and even the production of what are currently considered “autoantibodies.”

These

pathogens are acquired gradually over a lifetime so that the mix of species acquired
determines which autoimmune symptoms and syndromes a person may eventually develop.

Chapter 1 introduces the VDR and
its

vital

role

in

controlling

components of the innate immune
response including expression of
TLR2 and the beta-defensin and
cathelicidin antimicrobial peptides.
It

also

expresses

important

genes involved in autoimmune

Figure 1. Select proteins transcribed by the Vitamin D

and inflammatory disease processes (see Figure 1). The chapter posits in silico research
showing that the sulphonolipid capnine, created by Lysobacter, likely dysregulates the
receptor in order to promote its survival. By chapter 4, more detailed in vitro data is
presented showing that Mycobacterium tuberculosis, Borrelia, and Epstein-Barr virus also
dysregulate the VDR. Because disabling the innate immune system is such a logical
pathogenic survival mechanism, other yet to be characterized microbes almost certainly
persist in a similar fashion. Chapters 1 and 2 focus on the flow-on effects of such

3

dysregulation. Chapter 1 illustrates how VDR dysregulation may cause the active vitamin D
metabolite 1,25-D to rise and subsequently affect expression of antimicrobial peptides
expressed by other key nuclear receptors such as thyroid beta. This may impact women
more severely as the cycling endometrium provides an added site of VDR expression and
subsequently potential dysregulation in females. Indeed, chapter 2 presents data showing
that of 100 patients with autoimmune disease, 81% present with 1,25-D levels above the
“normal” range.

Chapter 3 explores how both 1,25-D and the inactive vitamin D metabolite 25-D affect
transcription by the VDR and subsequently activity of the innate immune response. The
mechanisms by which vitamin D palliates autoimmune symptoms and the concept of vitamin
D deficiency are both re-evaluated in a new light. A novel model of vitamin D metabolism is
described in which the low levels of 25-D often observed in patients with autoimmune
disease are a result rather than a cause of the inflammatory disease process.

Chapter 4 introduces the novel concept of “successive infection.” Patients who present with
autoimmune disease acquire pathogens in numerous ways including, but not limited to,
childhood infection, vaccines, blood transfusions, and parental exposure (such as microbes
in the sperm and egg). Successive infection dictates that, because many of these pathogens
likely slow AMP expression via the nuclear receptors, such patients become increasingly
immunocompromised. This creates a snowball effect in which each pathogen that decreases
immune activity makes it easier for the host to pick up other pathogens and so on. Chapter 5
builds on this hypothesis, supporting it with novel data and describing in detail how the
process may account for the high levels of co-morbidity and familial aggregation observed
among patients with autoimmune disease. Chapter 5 also presents substantial data
supporting the hypothesis that “autoantibodies”, often polyspecific, are created when the
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innate immune system responds to the microbiota and a cascade of cytokines and
chemokines stimulate the adaptive response. Weaknesses associated with a Mendelian
model of inheritance in autoimmune disease are also discussed.

Chapter 6 introduces a therapeutic model for autoimmune disease that has formed the basis
of our collaboration with United States-based and international physicians during the past
eight years. The putative VDR agonist olmesartan is used to correct VDR dysregulation and
prime the immune system to kill the intracellular pathogens driving the autoimmune disease
process. Case series and histories are presented that examine the effects of the treatment in
a variety of autoimmune diagnoses, most showing improvement and/or reversal of disease
symptoms. Unfortunately increased microbicidal activity results in immunopathology - a
temporary rise in symptoms due to apoptosis and toxin release. Challenges associated with
managing immunopathology are discussed.
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