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1 INTRODUCTION

For decades, researchers have noted the presence of culturable pathogens in
patients with a wide range of chronic inflammatory diseases. These patho-
gens include Epstein—Barr virus (EBV), cytomegalovirus, hepatitis C virus,
Chlamydia pneumoniae, Mycobacteriaceae, and Borrelia spp. Yet the prevalence
of any one pathogen in a particular cohort varies widely depending on the
methodology of the study, and no single pathogen has been reliably detected
in all patients with a particular inflammatory diagnosis.

However, genome-based microbial detection methods that have
emerged during the past decade revealed vast communities of bacteria,
viruses, and fungi now known to persist in nearly every body site, called
the human microbiome. This discovery has uncovered thousands of new
microbial species capable of contributing to autoimmune and inflammatory
disease processes. In lieu of a single pathogen causing a single disease, many
of these microbes instead seem to generate dystunction by continually inter-
acting with other species in a shared intra-phagocytic environment. Yet to
persist inside host immune cells, the microbiome must necessarily degrade
the host’s innate immune defences. In doing so, the pathogens also dysregu-
late other aspects of human metabolism by directly altering the expression of
human genes. This chapter describes how the cumulative effect of these
changes to the human metabolome and interactome may lead to the
catastrophic failure of human metabolism so often observed in chronic
idiopathic disease.
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2 THE FIELD OF METAGENOMICS IS BORN

After completion of the Human Genome Project in 2003, researchers began
to use many of the DNA-based technologies that had been developed to
decode the human genome to explore the microbial genomes now being
found in the human body. The results were unprecedented. Thousands
of microbes that had never been identified by culture-based laboratory
techniques were readily detected in human tissue and blood.

Two large-scale, multi-center collaborations spearheaded use of the
genome-based technologies to better identify and characterize these pre-
viously undiscovered microbes. One was the Human Microbiome Project
(HMP) (2008-2012), a US-based initiative funded by the US National Insti-
tutes of Health." The Project, which sampled the microbial populations of
242 healthy adults across 15—18 body sites, eventually generated more than
3.5 terabases of metagenomic sequences.” The second initiative was the
European-based project MetaHIT (2008-2012), which focused primarily
on better characterizing the microbiome of the gut.” In concert with
a number of private research teams also focused on microbiome research,
these projects succeeded in identifying so many novel microbes in Homo
sapiens that today at least 90% of cells in the human body are estimated to
be bacterial, viral, fungal, or otherwise non-human in origin.

As the HMP and related projects moved forward, research shifted from
the study of a dozen or so well-characterized human pathogens to the
exploration of myriad microbial species that have now been identified
across nearly all body sites. Metagenomic communities of microbes were
shown to persist not just on the body’s mucosal surfaces but also in tissue
and blood. Polybacterial and chronic infections have been detected in
atherosclerotic plaque.” Microbial RNA has been detected even in healthy
human blood.” The lungs are now understood to harbor a microbiome as
well, the composition of which differs in patients with chronic lung
conditions.” Even the biofilm removed from prosthetic hip joints during
revision arthroplasties has been shown to harbor dozens of distinct
bacterial phylotypes.’

As of October 2013, the Genomes Online database lists 2337 completed
and published bacterial genomes, with another 24,303 in progress.8 Even so,
each new metagenomic analysis continues to allow researchers to identify
previously unknown microbes. For example, an analysis by Nasidze et al.
of the human oral cavity identified 101 bacterial genera in the mouth as well
as 64 genera previously unknown to science.”
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Similarly, our knowledge of the chronic viruses that persist in H. sapiens
(the virome) also has evolved rapidly. We have known for some time that
several well-characterized viruses such as polyomaviruses infect and remain
with most humans throughout life. Yet entirely new persistent viral popula-
tions have now been discovered. After analyzing the fecal virome of mono-
zygotic twins and their mothers, Reyes et al. found that 81% of the reads
generated from this virome did not match those of any known viruses.'’
In 2011, Pride et al. reported that previously uncharacterized bacteriophages
dominate the oral cavity, and several phages serve as reservoirs for
pathogenic gene function.''

3 THE HUMAN SUPERORGANISM

The approximately 20,500 genes expressed by the human genome are vastly
outnumbered by the millions of genes expressed by our microbial inhabi-
tants. The human gut microbiome alone expresses at least 9 million unique
genes.'” It follows that we cannot study disease by studying the human
genome in isolation. The millions of proteins and metabolites expressed
by the microbiome continually interact with the human genome, altering
the manner in which human genes are subsequently expressed. For example,
one analysis demonstrated that the expression of at least 463 human genes is
changed during a single infection with Mycobacterium tuberculosis."”

This new understanding redefines what it means to be human — human
beings are now most accurately described as superorganisms. The metabo-
lism of the human superorganism represents a combination of microbial and
human attributes. For example, the human angiotensin-converting enzyme
(ACE) has been associated with myocardial infarction, Alzheimer’s disease,
diabetes mellitus, and sarcoidosis.'* Yet the expression of ACE also has been
shown to be downregulated by Lactobacillus and Bifdobacteria, microbes com-
monly found in dairy products.'” The ability of these and other microbes to
directly alter human gene expression significantly affects the pathogenesis of
inflammatory conditions, albeit in ways not yet fully understood.

Proteins and metabolites generated by the microbiome permeate the body.
Of the small molecules found in healthy human blood, 36% are created by the
human gut microbiome.'® The myriad interactions between these foreign and
host proteins in the body, referred to as the interactome, affect an array of
human metabolic processes. For example, the presence or absence of particular
microbial metabolites in the blood of any individual cause the medication

acetaminophen to be metabolized differently from person to person.'’
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These transgenomic interactions are complicated by the fact that the
structures of many microbial proteins are identical or very similar to those
expressed by the human genome. For example, some bacteria metabolize
folate and glucose with a metabolism similar to that of their human hosts.
Because of this overlap, the human superorganism may have great difficulty
distinguishing proteins and metabolites created by the microbes from those
recognized as “self”.

This “molecularly mimicry” is extremely common. Tens of thousands of
protein—protein interactions have been documented between the genomes
of Yersinia, Salmonella, Escherichia coli, and the human genome.m Kusalik
et al. identified 19,605 pentamers from the hepatitis C virus polyprotein
with a high level of similarity to the human proteome.'” This high level
of similarity persisted even when the team used longer peptide motifs as
probes for identity scanning.

4 THE MICROBIOME IN HEALTH AND DISEASE

An increasing body of research demonstrates that microbiome composition
often changes over time in patients with a range of chronic inflammatory
diseases. This disturbance in the body’s microbial populations, or dysbiosis,
is associated with a growing number of chronic conditions including types
17" and 2°' diabetes, Crohn’s disease, ulcerative colitis™> and psoriasis.”” For
example, Amar et al. recently demonstrated that 16S recombinant DNA
blood serum concentrations were significantly elevated in 3280 subjects
without obesity or diabetes at baseline but who later developed diabetes.”*
The composition of the microbiome has even been shown to shift in
patients with cancer. Kostic et al. analyzed whole genome sequences from
patients with colorectal carcinomas.”> The Bacteroidetes and Firmicutes
phyla were depleted in tumors, whereas Fusobacterium sequences were
enriched in carcinomas. Patients with chronic lyme disease and chronic
fatigue syndrome exhibited greatly altered cerebrospinal proteomes, which
also differ from those of healthy individuals.”® Considering that almost all of
the atypical proteins in the human body are microbial in origin, these
proteomic differences directly reflect shifts in microbiome composition.
These alterations of the microbiome in health and disease involve entire
microbial ecosystems. Thus, chronic disease processes driven by infection
are likely due to changes in complex microbial communities rather than
the acquisition of a single pathogen. It follows that Koch’s postulates, which
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dictate that a single infectious disease must be caused by a single pathogen,
are no longer tenable in the current era of the metagenome.

Unfortunately, studies of microbiome composition in health and disease
are complicated by a host of environmental variables that can also cause
significant shifts in the body’s microbial populations. These include geo-
graphic location, food consumption, water intake, and the use of medica-
tions and supplements. These additional environmental factors contribute
to significant variability in the microbiome across months, weeks, and even
days — so much so that even the microbiomes of monozygotic twins are no
more similar than those of fraternal twins.”’

It follows that while the identification of the species present in patients
with a given inflammatory condition can provide valuable clues about dis-
ease, we cannot focus simply on population-based studies. Instead, we must
examine what the microbial genomes actually do to persist and to influence
the body’s metabolic processes.

5 VITAMIN D NUCLEAR RECEPTOR DYSREGULATION

Those pathogens most successful at causing disease tend to persist inside the
cells of the immune system. M. tuberculosis and the EBV are two examples.
The ability of these intracellular pathogens to persist in nucleated cells allows
them to directly interfere with transcription, translation, and DNA repair
processes. If the accumulation of errors resulting from this interference
exceeds the capacity of cellular repair mechanisms, the interactome can
become significantly dysregulated. For example, Helicobacter pylori infection
generates significant genetic instability in gastric epithelial cells by disrupting
their DNA repair mechanisms.””

Some intracellular pathogens (e.g. M. tuberculosis and EBV) survive by
dysregulating gene expression by the vitamin D nuclear receptor (VDR).
Just a decade ago, the VDR was studied almost solely in the context of
calcium metabolism. Today, however, this receptor has been shown to
express at least 1000 genes, with many more putative gene candidates in
the pipeline.”” VDR promoters are ubiquitous throughout the human
genome, and genes already associated with VDR regulation are directly con-
nected to autoimmune and inflammatory processes.”” The receptor also
expresses genes related to cancer, including metastasis suppressor protein
1 (MTSS1), which plays a key role in promoting apoptosis and repressing
the cell cycle in cancerous cells.”’
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In addition to its key role in transcription regulation, the VDR also lies at
the heart of the human innate immune response. It expresses TLR 2, which
allows the immune system to recognize bacterial polysaccharides. In addi-
tion, it regulates expression of the cathelicidin and B-antimicrobial peptides
(AMPs), which play vital roles in targeting intracellular pathogens.

Thus, any microbe capable of dysregulating VDR activity would signif-
icantly disable the innate immune response, facilitating its persistence.
Indeed, several of the pathogens most often linked to inflammatory disease
have in fact evolved to survive in exactly this fashion. Persistent M. tubercu-
losis has evolved to slow VDR activity. When lymphoblastoid cell lines are
infected with EBV, activity of the VDR is downregulated as much as 15
times.” Mycobacterium leprae,”" cytomegalovirus,”” and Borrelia burgdorferi” also
inhibit VDR activity to varying degrees. The fungus Aspergillus fumigatus,
common in cystic fibrosis, secretes a gliotoxin that significantly downregulates
VDR expression.”* In addition, bacterial species in biofilm often secrete the
sulphonolipid capnine,” which we have demonstrated can inhibit VDR
activation.”® Indeed, disabling the innate immune response via the VDR
pathway is such a logical pathogen survival mechanism that many more
species capable of persisting in the same or similar fashion will likely be
identified in the coming years.

6 FLOW-ON EFFECTS OF VDR DYSREGULATION

VDR dysregulation generates a number of imbalances that further compro-
mise homeostasis and immunity. The activated VDR is responsible for
expressing CYP24A1, an enzyme primarily responsible for deactivating
the active vitamin D metabolite 1,25-dihydroxyvitamin D (1,25-D).”’
In addition, inflammation associated with persistent intracellular microbes
causes excess production of the enzyme CYP27B1. This results in increased
conversion of 25-hydroxyvitamin D (25-D) into 1,25-D. Both processes
cause 1,25-D concentrations to increase. Indeed, elevated concentrations
of 1,25-D leaking into the bloodstream have been demonstrated in several
inflammatory conditions, including tuberculosis and rheumatoid arthritis.””
Our analysis found that 85 of 100 patients with autoimmune and inflamma-
tory conditions had elevated concentrations of 1,25-D, ranging from
110 pmol/L to a high of 350 pmol/L.””

Our data indicate that, as its concentration rises, 1,25-D may also
dysregulate gene expression via nuclear receptors other than the VDR.™
These include the androgen receptor, the glucocorticoid receptor, and
the o~ and B-thyroid receptors.”’ Each of these nuclear receptors also
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controls multiple families of AMPs (20, 17, and 15 families, respectively, of
the 22 analyzed by Brahmachary et al.**). Thus, as 1,25-D accumulates
within infected cells, it may disable the activity of these AMPs as well, leav-
ing the host increasingly immunocompromised.

7 SUCCESSIVE INFECTION

As acquired pathogens slow activity of the VDR and related receptors, an
individual’s microbiome gradually shifts towards a state that promotes overt
disease. During this process of “successive infection”, the host microbiome
gradually shifts away from a homeostatic state. Opportunistic pathogens are
progressively incorporated into the microbiome, where they alter the
expression of the human genome. As a result, the interactome becomes
increasingly dysregulated. Infected human cells fail to correctly express
human metabolites in the presence of the proteins, enzymes, and metabolites
generated by the accumulating pathogenic genomes.

In addition, any pathogen that decreases nuclear receptor AMP expres-
sion slows the innate immune response so that the host more easily acquires
even more microbes, some of which may well symbiotically suppress
AMP. This creates a snowball effect, in which it becomes progressively
easier for the host to acquire pathogens as the strength of the immune
response wanes.

As an increasing number of pathogens become incorporated into the
microbiome, a patient may eventually begin to present with clinically evident
symptoms characteristic of an inflammatory diagnosis. Each individual’s unique
symptoms vary depending on the location, species, and virulence of the path-
ogens they have accumulated into their microbiome. Symptoms vary between
individuals because of the semi-infinite number of ways in which the microbial
proteins and metabolites can interfere with those of the host.

While successive infection leads to the acquisition of more pathogens
over time, the diversity of microbes in a particular niche may not necessarily
increase. Microbes are highly competitive, meaning that certain pathogens
often successfully outcompete larger populations of other less aggressive
species. Higher levels of dysfunction may result if keystone species are lost.
Indeed, some studies show that microbiome diversity is diminished in
patients who are already ill. For example, lower microbial diversity has been
reported in the guts of infants with atopic eczema.™ In other cases, succes-
sive infection may lead to greater species diversity. In women who suffer
from bacterial vaginosis, for example, the vaginal microbiome composition
often shifts to become more taxon-rich than that of healthy subjects.”*
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8 COMORBIDITY

Patients with one inflammatory diagnosis are at higher risk for developing a
second. For example, the Prospective Epidemiological Study of Myocardial
Infarction (PRIME) study found that baseline depressive symptoms were
associated with an increased risk of coronary heart disease in the short term
and stroke over the long term in otherwise healthy, European, middle-aged
men.”” The overlap between the symptoms and disease presentation associ-
ated with comorbid conditions directly reflects the variability inherent to the
process of successive infection. No two people exposed to pathogens over
time ever acquire the exact same mix of species in their microbiome. There-
fore, no two individuals will ever develop an identical disease presentation,
and the symptoms of patients with similar diagnoses can be expected to over-
lap and fluctuate with time. Figure 1 shows the extent to which patients with
one inflammatory disease often suffer from other comorbid conditions.

This suggests that various inflammatory diagnoses are best studied
together. Current pragma often dictates that one inflaimmatory condition
is directly causal of a second, although the mechanisms behind these assump-
tions remain unclear. For example, obesity is generally believed to cause
diabetes. Yet, increasing evidence shows that the gut microbiome is signif-
icantly altered in patients with both conditions.” It may be more likely,
then, that both obesity and diabetes gradually occur together because of
successive infection or a common underlying pathogenesis.

In the same vein, patients suffering from physical inflammatory conditions
are at greater risk for developing neurological dysfunction and vice versa. This
suggests that neurological and autoimmune diagnoses, which are currently
separated into different medical specialties, may indeed arise from similar
underlyinginfectious processes. Indeed, dysbiosis of the microbiome hasbeen
documented in patients with a range of neurological conditions including
multiple sclerosis,”” autism and obsessive-compulsive disorder.**

9 FAMILIAL AGGREGATION

Familial aggregation must be reexamined in light of comorbid disposition.
A host of studies show that the relatives of patients with inflammatory disease
are more likely to be ill themselves. For example, a 2006 study by Anaya
et al. of families who have a member with primary Sjogren’s syndrome
showed that 38% had at least one first-degree relative with an autoimmune
disease versus 22% of control families. "’
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Figure 1 Comorbidities among common inflammatory diseases. Each “spoke” of this
wheel represents a published study appearing in MEDLINE, which shows a significant
statistical relationship between one disease and another.

While this clustering of inflammatory diseases in families could be
explained by the sharing of common genes, any such genes confer no known
survival advantage and should subsequently have been weeded from the
population. Instead, familial aggregation likely results from the sharing of
common microbes. For example, infected mothers, fathers, and siblings
are all major sources for H. pylori acquisition among young children; the
infected mother serves as the main source for childhood acquisition of
microbes.” Certain pathogens have been shown to cross the placental bar-
rier and even persist in the amniotic fluid, sperm and egg.”' These microbes
can thus be passed easily from generation to generation.
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Pathogens passed down the maternal line seem to have a particularly
strong effect on the microbiome of subsequent generations. The founding
microbial populations of an infant delivered by vaginal birth closely mirror
those of its mother’s vagina. In addition, after Cesarean delivery, differences
in infants’ founding microbial populations can persist for months.”” Breast
milk is now understood to deliver a microbiome that varies among women
and depends on a host of factors. Cabrera-Rubio et al. found that the com-
position of the breast milk microbiome significantly changed over the course
of at least the first 6 months of lactation.”” The weight of the mother further
affects the composition of her breast milk microbiome. Milk from obese
mothers tended to contain a different and less diverse bacterial community
than that obtained from healthy subjects. In addition, those mothers who
underwent elective Cesarean delivery displayed different bacterial commu-
nities in their milk samples then those subjects who gave birth by vaginal
delivery.

10 IMMUNOSUPPRESSIVE THERAPIES MAY PALLIATE
SYMPTOMS BUT INCREASE DISEASE OVER THE LONG TERM

The standard of care for most autoimmune and inflammatory conditions is
immunosuppression. Commonly used immunosuppressive treatments
include corticosteroids, methotrexate, and tumor necrosis factor-o antago-
nists. While these therapeutic options often provide short-term symptom
palliation, they have poor long-term associations with stability and relapse.
Indeed, no definitive studies have identified corticosteroids capable of
enhancing long-term prognosis or reducing mortality rates. For example,
Gottlieb et al. reported that in sarcoidosis, steroid use leads to relapse and
contributes to prolongation of disease by delaying resolution.” To date
there have been nearly 150 clinical trials testing prospective agents designed
to block inflammation in patients with sepsis, and all have failed.””

Most immunosuppressive medications were developed to slow what is
historically believed to be an overactive immune response. However, as
the inflammation and autoantibodies associated with these conditions are
becoming increasingly tied to infection, the efficacy of these drugs must
be reexamined. By slowing the immune response, immunosuppressive
medications cause a decrease in inflammation and cytokine release. While
this decrease in inflammation may allow a patient to feel better in the short
term, the immune system may well become compromised to a point where
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it can no longer correctly maintain microbiome homeostasis. This exacer-
bates the underlying disease state and leaves patients more vulnerable to the
acquisition of new pathogens.

11 VITAMIN D SUPPLEMENTS ARE IMMUNOSUPPRESSIVE:
25-D PALLIATES SYMPTOMS BUT DOES NOT CURE
INFLAMMATORY DISEASE

One of the most common supplements used to palliate inflammatory symp-
toms is cholecalciferol, a precursor for the secosteroid 25-D. While vitamin
D has long been viewed solely as a nutrient, vitamin D metabolites are actu-
ally potent secosteroids. In 2008 we described some of the complexity inher-
ent in the actions of these metabolites.”” While the metabolism of a vitamin
is characterized by a first-order mass-action model, metabolism of the
vitamin D secosteroids is instead governed by layers of feedback and
feed-forward transcriptional pathways that are tightly regulated in H. sapiens.
This calls into question whether the word vitamin accurately communicates
any of the primary activities of this supplement.

While proper functioning of the VDR 1is vital to a plethora of activities
necessary for optimal human health, an increasing number of studies show that
artificial supplementation of vitamin D metabolites does not result in optimal
VDR activity. Under conditions of health, the VDR is activated by 1,25-D.
Yet, as previously described, if 1,25-D concentrations increase in patients as
they become ill, the elevated metabolite can interfere with the ability of key
nuclear receptors to correctly express the AMPs under their control. ™

Elevated concentrations of 25-D in the blood cause additional immuno-
suppression by a number of mechanisms. Dickie et al. found that 25-D slows
the activity of several toll-like receptors including TLR2, TLR4, and
TLR9.” A study of multiple sclerosis demonstrated that the supplement
effectively slowed the immune activity of peripheral blood mononuclear
cells.”” Indeed, Arnson et al. argued that vitamin D has multiple immuno-
suppressant properties and that, on the whole, vitamin D confers an immu-
nosuppressive effect.”®

Opver the past decade we performed several in silico experiments that
suggest that blood-borne 25-D is able to directly bind into the VDR binding
pocket to slow receptor activity.”” Much like the microbial ligands that slow
innate immunity by interfering with VDR activity, this antagonism would
result in a significant decrease in the expression of AMP and TLR2. This
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immunosuppressive effect progressively increases as higher doses of vitamin D
are administered, resulting in the J- or U-shaped curves evident in so many

.. . 5C
of the clinical trials.””*"

The resulting decrease in innate immune activity
enhances pathogen survival, and homeostasis of the microbiome is more
easily disrupted.

We have subsequently argued, with increasing urgency, that any subjec-
tive or objective improvements associated with vitamin D supplementation
in the short term result from its ability to decrease the immunopathology
associated with an effective innate immune response to elements of a
patient’s microbiome.”' Blood-borne 25-D likely provides symptomatic
relief by acting in a manner similar to the immunosuppressive medications
described earlier, the use of which has been associated with high rates of
relapse and instability over time.

Thus, while we are accustomed to the hypothesis that high levels of vita-
min D supplementation are necessary to curb the current epidemic of
chronic disease, the opposite may instead be true. Vitamin D is added to
an increasing variety of food products and is more frequently used in the
clinic, but the incidence of nearly every chronic condition has, in fact,
increased. To minimize potential harm, we believe that blood-borne
25-D must be kept below the consensus immunosuppressive level of approx-
imately 50—60 nmol/L to optimize innate immune function and overall
health.

12 HARM FROM VITAMIN D IS INCREASINGLY SUPPORTED
BY HIGH-QUALITY STUDIES

Description of vitamin D as the “sunshine vitamin” has led many to assume
that the secosteroid is not likely to cause any serious harm (despite the fact
that solar exposure can cause skin cancer). Yet vitamin D supplementation is
increasingly being associated with a host of negative health outcomes

62 1 63 64
’~ kidney stones,”’ ’

including brain lesions, increased bone fractures’™ and
increased incidence of allergy and atopy.”

Despite these reports, many researchers still believe that vitamin D is a
panacea. The majority of studies referenced to support these assumptions,
however, rely largely on surrogate outcomes and speculation. Most also fail
to provide a basis in human molecular biology for the apparent benefits
observed in their analyses. Some researchers assume that ancient man

obtained high concentrations of vitamin D from the sun on the plains of
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Africa and conclude that modern humans should do the same. However,
anthropologists have no definitive data on the sun exposure of early
H. sapiens. Other studies discuss instances in which people who live at sun-
nier latitudes display a lower incidence of some inflammatory diseases.
Nonetheless, myriad other variables confound their analyses, and even a
quick search of the literature reveals numerous, but less frequently cited,
counterexamples. Others have argued for increased vitamin D supplemen-
tation on the basis that sunscreens block the production of vitamin D in the
skin, but even the hypothesis that vitamin D is primarily produced by
irradiation of the skin is now being questioned”® and, in any case, sunscreen
does not seem to block vitamin D production.®’

In 2009, the US and Canadian governments commissioned the Tufts
Evidence-based Practice Center to compile a report on vitamin D for the
Institute of Medicine (IOM).”” In an effort to address the discrepancies
observed in the vitamin D literature, this report assessed all studies relating
to health outcomes and vitamin D and/or calcium intake. After an evidence-
based analysis, the Tufts researchers were able to support a positive association
only between vitamin D intake and bone health. In the case of all other
chronic or inflammatory conditions analyzed, they found no evidence to
support an association between vitamin D intake and improved health.
The IOM committee therefore decided not to increase the Daily Recom-
mended Intake of vitamin D and further noted that intake of the secosteroid
is associated with adverse health outcomes.

Given that the IOM report was released, the results of randomized con-
trolled trials evaluating the use of vitamin D in a variety of inflammatory
conditions continue to demonstrate little benefit, and even harm, from vita-
min D supplementation. Well-designed studies recently determined that
supplemental vitamin D does not significantly improve cardiovascular dis-
ease risk factors,”” isolated systolic hypertension,”” tuberculosis’' and upper
respiratory infections.”” Several studies have called into question the one
positive association between vitamin D intake and bone health that the
IOM committee was able to support in 2010. In 2013, McAlindon et al.
published the results of a randomized placebo-controlled trial showing that
vitamin D3 supplementation for a period of 2 years did not reduce knee pain
or loss of cartilage volume in patients with symptomatic knee osteoarthritis.””
Another such study found increased risk of fracture among elderly women
taking vitamin D.°* A second systematic review found that vitamin D supple-

mentation failed to improve bone health in women with breast cancer.””
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13 THE CONCEPT OF VITAMIN D DEFICIENCY IS FLAWED:
LOW BLOOD CONCENTRATIONS OF 25-D LIKELY RESULT
FROM THE INFLAMMATORY DISEASE PROCESS

Despite the data discussed above, vitamin D supplementation is routinely jus-
tified based on a plethora of studies that report low concentrations of 25-D in
the blood of patients with a wide variety of inflammatory conditions. Thus far,
the consensus on these findings has been to assume that the low concentra-
tions of 25-D are driving or contributing to the pathogenesis of these diseases.

However, the low concentrations of 25-D often detected in patients
with inflammatory conditions may be a result of the inflammatory disease
process rather than the cause of the inflammation. Indeed, our data suggest
that under conditions of microbiome and interactome dysregulation, the
body uses multiple mechanisms to naturally downregulate intracellular
production of 25-D."’

Expression of the enzyme CYP24A 1 normally controls excess concentra-
tions of 1,25-D. However, if VDR activity is slowed by the intra-phagocytic
microbiome, the enzyme cannot be expressed as robustly. In addition, when
1,25-D increases, it downregulates the amount of previtamin D converted
into 25-D. One of these mechanisms is antagonism of the PXR nuclear recep-
tor and expression of the enzyme CYP27A1. The resultis that blood concen-
trations of 25-D, the metabolite most commonly measured in the clinic,
decrease.

The concept of vitamin D “deficiency” has been further complicated by
the arbitrary ranges used to define insufficiency and deficiency. Vitamin D
supplementation has become so prevalent that individuals who choose not
to ingest extra amounts of the secosteroid may be deemed deficient simply
because they eat unfortified foods.”” Indeed, it is difficult to find un-
supplemented populations to study. Nevertheless, studies of healthy individ-
uals in populations that do not heavily supplement their food supplies
with vitamin D have demonstrated that subjects’ 25-D concentrations are
naturally found to be in the range we today have labeled as “deficient”.

Saudi Arabia does not yet add vitamin D to their food supply. It is
not surprising, then, that one study found that 100% of Saudi medical
students receiving standard amounts sunlight and eating a normal diet were
vitamin D insufficient or deficient according to conventional standards.”
Similarly, a study of healthy Bangladeshi women not supplementing with
vitamin D found that approximately 80% had 25-D concentrations less than
16 ng/mL.”° A separate study of premenopausal Bangladeshi women came
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to a similar conclusion.”” A study of young healthy adults from the west of
India, also not consuming supplemental vitamin D, found the average serum
concentration of 25-D to be 17.4 ng/mL.”" In 1992, before vitamin D sup-
plementation became more common in China, a study found that healthy
full-term Chinese infants had serum concentrations of 25-D ranging from an
average of 5 to 14 ng/mL, a level that would be regarded as “highly
deficient” by current dogma.’’

[t is tempting to argue that the individuals in these studies do not receive
adequate exposure to sunlight. (Whether people require a certain amount of
sunlight also remains a matter of debate.) Yet in each instance the authors
clearly ascertain that their subjects are healthy and quite functional. Instead
of assuming that these healthy subjects should be given extra vitamin D, as
the current standard of care indicates, it may be prudent to consider whether
the ranges we have created for vitamin D deficiency and insufficiency have a
basis in human molecular science.

14 DISCUSSION

In just a decade, the discovery of the human microbiome has uncovered the
presence of thousands of microbes capable of contributing to chronic infec-
tious processes. Indeed, dysbiosis of the microbiome has been tied to an
increasing number of inflammatory disease states. In lieu of a single pathogen
causing a single chronic infectious disease, the microbiome as a whole grad-
ually shifts away from a state of homeostasis as people become ill. Those
pathogens capable of persisting inside nucleated cells are able to extensively
dysregulate human metabolism by directly interfering with gene expression.
A number of key pathogens associated with autoimmune disease persist by
inhibiting the VDR and subsequently the innate immune response. This
allows them to more easily accumulate into the microbiome over time.

Anti-inflammatory treatments that slow the immune response may pro-
vide short-term symptomatic improvement, but they do so at the expense of
long-term microbiome stability. This leads to relapse and increases the like-
lihood of comorbid conditions over time. The secosteroid we call vitamin D
is immunosuppressive. In patients with chronic inflaimmatory disease, low
concentrations of 25-D in the bloodstream are likely a result of the disease
process, rather than its cause. To allow the immune system to keep control
of the microbiome, concentrations of blood-borne 25-D should be kept
below the immunosuppressive threshold of 50—60 nmol/L.
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