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CHAPTER 1

USING FOOD AS MEDICINE

The inflammatory process wields immense destructive power, 
but it can be tamed. In those of us unlucky enough to develop 
autoimmune disease, a small number of signaling molecules 
can orchestrate a widespread attack against the skin, joints, 
and entire organs. The goal of treatment is to disrupt the 
immune system’s lines of communication and thereby lessen 
the attack.

One way to do this is with biologic medications such as 
Enbrel, Humira, and Stelara. These medications work by tar-
geting and blocking specific inflammatory mediators that tell 
the rest of the immune system to wage war against the body. 
Yet medication is not only tool we have; it is also possible 
to curb these same inflammatory mediators in other ways—
through supplements and dietary changes that address the 
underlying causes of an immune system in disarray. 

In particular, the strategies outlined in The Keystone 
Approach build on the latest findings about the role of gut 
inflammation and the microbiome in psoriasis and arthritis. 
The rate of new scientific discoveries in this arena is stag-
gering. In just the past three years, dozens of studies have 



6 THE KEYSTONE APPROACH

unearthed extraordinary new insights into the factors that 
spur inflammation and what we can do to shift the dial on 
the immune system from disease to health. 

The Keystone Approach is your guide to this new scien-
tific frontier, providing an impartial, balanced analysis of a 
vast number of recent studies. These research findings are 
then translated into simple, actionable steps that address the 
underlying causes of inflammation. But first, the story of my 
own battle against autoimmunity.

My Story 

A doctor first suspected that I had psoriatic arthritis when I 
was 18. At the time, my only symptoms were mild back pain 
and a small patch of psoriasis, but I understood that if I did 
indeed have psoriatic arthritis, it could become much worse. 
This form of arthritis affects up to 30 percent of people with 
psoriasis and can become debilitating.

Six months after the pain began, I noticed that it seemed a 
little better when I avoided bread and pasta, so I insisted on a 
celiac test. The test showed that I did indeed have celiac dis-
ease, and after completely eliminating gluten from my diet for 
several months, my psoriasis and back pain mostly resolved. 
It appeared that I did not have psoriatic arthritis after all.

I went on to complete a degree in biochemistry and molec-
ular biology, and then law school, with only minor aches and 
pains, which I attributed to the physical toll of too much 
time stuck at a desk.

By my mid-20s, after several years of working nonstop at a 
big law firm in New York, my pain returned with a vengeance. 
My shoulders, knees, hips, and lower back were constantly 
painful, and joints seemed to dislocate with the slightest 
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provocation. The possibility of psoriatic arthritis was quickly 
brushed away—I had very little psoriasis, no joint stiffness or 
swelling, and no blood markers of arthritis. I simply did not 
fit the old-fashioned textbook definition.

I was given a wide range of diagnoses by various special-
ists and offered all manner of pain medications. After experi-
encing severe side effects from these medications, I elected to 
focus on physical therapy. I hoped that with enough persever-
ance, my muscles could eventually stabilize my joints. I spent 
five years religiously devoted to physical therapy, wanting to 
believe that my recovery was just around the corner.

It was not. By age 30, the pain in my sacroiliac joints (in 
the lower back) was so severe that I started having great dif-
ficulty walking more than a few blocks or sitting for more 
than 15 minutes. I had pain flare-ups that kept me house-
bound for weeks at a time. I tried various injections and anti-
inflammatory medications, but nothing helped.

Around this time, my psoriasis also returned, and a range 
of other classic symptoms of psoriatic arthritis emerged (such 
as nail pitting and swelling in my fingers). It became clear that 
I had probably been suffering from psoriatic arthritis all along.

Understanding the nature of the problem was both a set-
back and a relief. On one hand, the diagnosis meant that no 
amount of exercise would ever enable my joints to function 
normally. It also meant I had wasted many years that I could 
have spent focusing on the root cause of the pain—a mal-
functioning immune system. But on the other hand, a mal-
functioning immune system was something I understood all 
too well, and now I finally had an explanation for my pain.

The precise details of autoimmunity were at this point 
already very familiar to me from my immunology studies at 
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university and from my work as a patent litigation attorney 
for biotechnology companies. As the immunology specialist 
in lawsuits with billions of dollars at stake, I had actually 
spent much of the past nine years analyzing the scientific 
and clinical evidence underpinning the biologics used to 
treat various autoimmune diseases. My office was filled with 
boxes of confidential clinical trial reports and FDA submis-
sions that most rheumatologists are never allowed to see, and 
it was my job to analyze them.

I had essentially spent nine years thinking in great detail 
about the invisible inflammatory molecules that drive all 
the damage in autoimmune disease. And now I learned that 
these same molecules were causing the pain that had taken 
over my life.

I understood that the new biologic medications could there-
fore make a life-changing difference for me—if I was willing 
to take the risks associated with infections and possibly a 
higher risk of cancer. Although biologics only slightly raise the 
risk of infection, this was still a major barrier in my particular 
case. As a teenager, I’d had surgery that left me with a lifelong 
susceptibility to serious infections. I had been advised to take 
preventive antibiotics for life because some infections carried 
a 50–60 percent mortality rate in my case. I refused the antibi-
otics but was also reluctant to take any medication that could 
add to my infection risk. Since my arthritis was progressing 
slowly and not causing any obvious joint damage, it seemed 
prudent to exhaust every other option first.

I knew that biologics work so well because they inter-
rupt the specific mediators of inflammation that orchestrate 
skin and joint damage. Surely there had to be another way 
to accomplish the same goal. What other factors contribute 
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to elevated inflammatory mediators, and what other factors 
can reduce them?

As I began to focus more on these questions, I made the 
difficult decision to abandon my legal career and focus on my 
health. I left my high-pressure job in New York and moved 
to a small house by the beach. My new job became scouring 
the scientific literature for any evidence that diet or lifestyle 
changes could have an impact on inflammation. I expected 
to find some clues but was unprepared for the extraordinary 
amount of good-quality clinical evidence supporting rela-
tively simple strategies.

Perhaps the biggest revelation was the discovery that gut 
health has a profound impact on the level of inflammation in 
the skin and joints. A persuasive body of research shows that 
immune activation in the gut is a common feature of psori-
asis and several types of inflammatory arthritis, particularly 
juvenile, psoriatic, and ankylosing spondylitis.1 Importantly, 
the degree of gut inflammation appears to determine the 
severity of these conditions.2

In 2016, researchers discovered one factor that could be 
triggering this immune activation in the gut: a disturbance 
in the vast community of microbes that make up the micro-
biome. Those with psoriasis or certain forms of arthritis show 
characteristic disturbances in the balance of gut bacteria, with 
an increase in undesirable species and a depletion of species 
that normally calm the immune system.3

Several lines of evidence indicate that this disruption to 
the microbiome is not just a consequence of inflammation, 
but a cause. Researchers have found, for example, that a single 
course of antibiotics doubles the chance of children developing 
arthritis, while five or more courses of antibiotics triple the 
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risk.4 It may be that antibiotics deplete the bacteria that regu-
late the immune system and keep harmful bacteria in check.

These protective bacteria are now regarded as “keystone” 
species. To scientists studying larger ecosystems, a key-
stone species is one whose unique role within an ecosystem 
has a disproportionate effect on the ecosystem as a whole. 
Mangrove trees growing along a shoreline, for example, pro-
vide a habitat for numerous other species, including fish and 
frogs. Without mangroves, the ecosystem would collapse. The 
particular gut bacteria that normally regulate our immune 
system also act as keystone species. Without them, the entire 
environment of our gut changes. The new paradigm is that 
this change is a major contributor to autoimmune disease.

The question, then, is how we can take advantage of the 
newly uncovered link between the microbiome and autoim-
munity. Professor Jose Scher of New York University, who led 
the landmark studies of the microbiome in psoriatic and rheu-
matoid arthritis, commented that “in 10 or 15 years I think 
the microbiome will be a key therapeutic option for some of 
these diseases.”5

But we don’t have to wait that long. Good-quality clinical 
studies have already demonstrated how to restore the popu-
lation of immune-regulating keystone species. The strategies 
to do so are simple and low risk: a high-fiber, vegetable-rich 
diet, and specific strains of probiotics. Numerous studies 
performed in the context of inflammatory bowel disease 
show that these strategies can rapidly shift the balance of the 
microbiome to an anti-inflammatory state.6

Yet my immersion in the latest scientific research also 
uncovered strong evidence supporting several other strate-
gies that can reduce inflammation. As just one example, the 
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studies clearly show that a Mediterranean diet rich in fish and 
olive oil can reduce the severity of psoriasis and rheumatoid 
arthritis.7 This has long been suspected but has been over-
shadowed by the recent rise of the “autoimmune paleo diet.”

While some aspects of the paleo diet are supported by 
scientific research, such as the damaging effects of certain 
grains and refined oils, other aspects are contradicted by 
research that emerged in 2015 and 2016—after the paleo diet 
rose to prominence.

In particular, the most recent studies demonstrate that 
saturated fats are highly inflammatory.8 Although the role of 
saturated fat in heart disease has been called into question, 
the newest research shows that these fats actually do increase 
the level of inflammatory mediators. Saturated fats do this by 
activating certain receptors on the surface of immune cells.9 
Thus the paleo diet’s emphasis on coconut oil and animal fat 
is counterproductive for those with inflammatory diseases 
such as psoriasis and arthritis.

The Mediterranean diet, in contrast, heavily emphasizes 
foods that help to rebalance the microbiome and otherwise 
suppress inflammation, including green and cruciferous veg-
etables, fish, and olive oil. The scientific research also points 
to strategies to optimize the Mediterranean diet by removing 
foods that damage the gut and contribute to immune activa-
tion, such as wheat.

As I gradually changed my diet and supplement regime 
to incorporate new strategies supported by the latest evi-
dence, my symptoms began to steadily improve. At first, the 
only noticeable difference was less fatigue, abdominal pain, 
and swelling in my hands. After three months, I was expe-
riencing my first pain-free days in more than a decade. The 
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longer I followed the diet and the more elements I tweaked, 
the more my joint pain improved.

Now, instead of constant joint pain and psoriasis, I have 
only occasional pain, which is typically triggered by either 
relaxing my diet or expecting too much from my already-
damaged joints. I still need to continue with physical therapy 
exercises, but I have experienced many victories. Perhaps 
best of all, I can usually sleep the entire night without dis-
comfort or pain.

There is clearly an immense gap between the latest 
research findings and the advice patients receive about the 
connection between diet and inflammation. Many of us are 
told that diet has no effect despite a vast body of evidence 
to the contrary. This gap is not altogether surprising since it 
reportedly takes at least 10 years for medical research find-
ings to make their way into clinical practice.10 But we deserve 
better. I wanted to bridge the gap between the latest discov-
eries and the people who can benefit from them.

I had already witnessed the power of doing so in the fer-
tility and IVF context with my first book, It Starts with the 
Egg. After receiving countless reports from readers that being 
able to act on the latest research findings had profoundly 
changed their lives, I wanted to do the same for those suf-
fering from debilitating autoimmune disease.

With that aim, I thoroughly investigated every last detail of 
how diet and supplements can impact inflammation. I care-
fully analyzed hundreds of scientific papers, with a particular 
focus on randomized, controlled clinical studies involving 
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real patients, not animal or test-tube studies. (These scientific 
papers are listed in the references section, along with informa-
tion about how to access them online.)

My ultimate goal in writing this book was to distill a vast 
and complex body of medical research into an easily under-
stood practical guide—to translate the science into a plan 
of action.

As I developed this systematic plan, I was guided by the rec-
ognition that some factors apply generally, such as the benefi-
cial role of fiber and omega-3 fatty acids, while other factors, 
such as particular food sensitivities, only impact inflamma-
tion in a minority of individuals.

The Keystone Diet is thus divided into two phases. The 
first phase creates a fundamental framework based on prin-
ciples that apply generally and are likely to reduce inflamma-
tion for everyone, while the second phase involves short- term 
experiments with specific food groups to identify personal 
contributing factors. This personalization phase includes the 
elimination of common food allergens, based on the evidence 
that allergies contribute to a small subset of cases of juvenile 
and rheumatoid arthritis, and a low starch/low sugar experi-
ment, based on the recent success of this approach in clinical 
trials of inflammatory bowel diseases.

In short, this book provides a detailed plan to help you 
make your own discoveries about which foods trigger your 
symptoms and which foods make you feel better. There may 
be one key ingredient to your recovery, such as adding a pro-
biotic, or there may be many small, incremental changes that 
together produce a dramatic benefit.

Importantly, the dietary changes and supplements described 
in the book are intended to complement, not replace, a 
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conventional medical approach. Many of the anti-inflamma-
tory strategies at the core of the Keystone Approach, such as 
fish oil, probiotics, and the Mediterranean diet, have been spe-
cifically shown to help patients achieve better results from con-
ventional medicines.11
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GETTING STARTED

• It is important to tell your doctor about any 
dietary changes and supplements you choose 
to take.

• Continue with all prescribed medications. 
Eventually you may be able to work with your 
doctor to reduce your medications.

• Have reasonable expectations. A reduction in 
inflammation can quickly reduce joint pain 
as well as swelling, stiffness, and fatigue, but 
mechanical pain from severely damaged joints 
may not improve. Psoriasis may improve only 
very slowly.

• Dietary changes may be difficult at first but 
will become easier to maintain once you start 
to experience the benefits.

• Action steps are summarized at the end of 
each chapter.
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CHAPTER 2

THE NEW SCIENCE OF 
AUTOIMMUNITY

This chapter answers two basic questions: what goes wrong 
with the immune system in psoriasis and arthritis, and why?

The Basic Autoimmune Process

Autoimmune diseases reflect a three-step malfunction of the 
immune system:

In step one, the immune system mistakenly recognizes 
normal proteins as foreign antigens. In the case of psori-
asis, this results in antibodies and T cells that target proteins 
in the skin. In arthritis, the immune cells mistakenly target 
components in the joints. The precise joint protein that is tar-
geted depends on the type of arthritis. Antibodies in psori-
atic arthritis, for example, often target the particular proteins 
found where ligaments connect to bones, while rheumatoid 
arthritis more often involves the lining of the joint capsule.

Step two is inflammation. The self-reactive antibodies 
and T cells recruit other components of the immune system 
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to launch an attack against the target. A key component of 
this attack is the production of chemical mediators such as 
prostaglandins, tumor necrosis factor (TNF), and interleu-
kins. These chemical mediators recruit even more immune 
cells, cause skin cells to form psoriasis plaques, and cause 
pain and destruction in the joints.

Step three is the failure of control mechanisms that nor-
mally suppress steps one and two. For instance, a group of 
immune cells called regulatory T cells are supposed to elimi-
nate immune cells that react against the body’s own tissues. 
Regulatory T cells also suppress inflammatory mediators and 
produce their own chemical mediators that quell inflamma-
tion. In autoimmunity, these control mechanisms are weak-
ened, allowing inflammation to continue unchecked.

Whether step one occurs, such that the immune system 
loses “self-tolerance” and becomes confused between self 
and foreign antigens, is largely dictated by factors beyond 
our control, such as genetics, certain infections, and perhaps 
bad luck. The remaining two steps—the degree of inflamma-
tion that occurs and the failure of control mechanisms to put 
a stop to self-reactive cells and inflammation—are heavily 
influenced by what happens in the gut.

The Gut-Origin Theory of Inflammation

One of the earliest clues to the role of the gut in autoimmu-
nity was the overlap in patient populations between irritable 
bowel disease, psoriasis, and various forms of arthritis. It has 
been known since the 1950s that patients with Crohn’s dis-
ease are more likely to have arthritis, with the Mayo Clinic 
reporting in 1954 that flares or remissions of gut and joint 
symptoms often occur simultaneously.12 In 1965, an article in 
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the British Medical Journal noted that “arthritis is one of the 
most common systemic complications of ulcerative colitis.”13

This link piqued the curiosity of researchers and raised 
the question of what was occurring in the intestines of people 
with arthritis or psoriasis, even in the absence of any bowel 
symptoms. In the 1980s, Herman Mielants and his colleagues 
at a hospital in Belgium set out to answer this question by 
performing colonoscopies on patients with psoriasis, psori-
atic arthritis, and ankylosing spondylitis who did not have 
any bowel symptoms. They found that half of these patients 
showed visible intestinal inflammation that closely resembled 
early Crohn’s disease.14

Many other researchers have since confirmed these find-
ings.15 We now know that patients with psoriasis and psori-
atic arthritis have a fourfold higher risk of developing definite 
Crohn’s disease.16 Conversely, up to a third of patients with 
ulcerative colitis or Crohn’s suffer joint pain that coincides 
with disease flares.17

When we look beyond visible damage to the gut, the link 
between gut and joint inflammation becomes even stronger. 
Technology has advanced greatly since Dr. Mielants’ initial 
studies, revealing molecular markers that can be measured 
in a stool sample and correlated directly to the level of gut 
inflammation. One of the most accurate of these markers, 
fecal calprotectin, can predict whether a patient with inflam-
matory bowel disease is going to have a relapse before symp-
toms occur.18 The level of fecal calprotectin is so illuminating 
because this molecule is produced by cells of the immune 
system during the inflammatory process.

Elevated levels of fecal calprotectin have now been found 
in various forms of arthritis, including rheumatoid, psoriatic, 



20 THE KEYSTONE APPROACH

ankylosing, and juvenile arthritis.19 Taken together, the 
studies indicate that if you have arthritis, it is more likely 
than not that you also have gut inflammation, even in the 
absence of any gastrointestinal symptoms. Importantly, the 
degree of gut inflammation may actually dictate the degree 
of joint inflammation.20

What explains this link? There are two interconnecting 
ways in which the gut could contribute to inflammation 
elsewhere in the body:

1. A compromised intestinal barrier can allow 
toxins, food proteins, and bacterial byproducts 
to activate the immune system.

2. A reduction in protective bacteria in the gut 
can destabilize the gut barrier and weaken 
the regulatory arm of the immune system, 
allowing inflammation to proceed unchecked.

We start with the first issue—an increase in intestinal 
permeability, also known as “leaky gut.” As explained by Dr. 
Sanford Newmark, a clinical professor at the University of 
California, San Francisco, “A lot of doctors and people may 
think that leaky gut itself is sort of a froufrou alternative 
concept,” but “the real name is ‘increased intestinal perme-
ability,’ and it is a definitive, scientific fact.”21

The cells lining the intestines have a difficult but impor-
tant task: to allow the absorption of nutrients from food 
while preventing toxins, bacterial byproducts, and undi-
gested proteins from crossing the gut barrier into the circu-
lation. To perform this important function, the gut lining is 
structured as a single layer of epithelial cells joined together 
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by scaffolding proteins called “tight junctions.” These junc-
tions are ordinarily carefully controlled to only allow minute 
gaps for nutrients to pass through. There is also a protective 
mucus layer that allows nutrients to pass through, but not 
proteins or bacteria.

The intestinal lining is extremely vulnerable to damage. 
If the epithelial cells, tight junctions, or mucus layer is dam-
aged, substantial gaps are created, allowing larger particles 
to cross the barrier. These particles may include bacteria, 
molecules from bacterial cell walls (such as lipopolysaccha-
ride, also known as endotoxin), and proteins from food that 
have not yet been broken down into individual amino acids.

When these molecules breach the gut barrier, chaos 
ensues. Just behind the epithelial cell wall lies a vast army 
of immune cells in an area called the “gut-associated lym-
phoid tissue.” Up to 70 percent of the immune system resides 
here, and for good reason. The gut represents a major point 
at which bacterial and viral infections can enter the body. 
There are in fact billions of bacteria in the gut—some benefi-
cial, some harmful. The immune system normally monitors 
for harmful bacteria by controlled sampling of the gut con-
tents. The bacteria and their byproducts are not supposed to 
just cross the lining of the intestine at will to interact with 
the immune system.22

When the intestinal barrier becomes damaged and allows 
particles to cross the barrier that normally would not, the 
immune system is bombarded, triggering immune activation 
on a massive scale. Critically, the resulting immune activation 
is not limited to the gut. The activated immune cells, and the 
chemical messengers they produce, can migrate throughout 
the body.23
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Leaky gut also causes immune activation at locations far 
removed from the intestines in a more direct way. When food 
proteins and bacterial particles cross the gut barrier, they can 
then enter the circulation by way of the network of blood ves-
sels and lymphatic vessels adjacent to the epithelial cell wall. 
These molecules are then carried throughout the body, trig-
gering further immune activation in various tissues.

It has been known for decades that intestinal permeability 
is increased in inflammatory bowel disease and celiac dis-
ease as well as in those with food allergies. There is now clear 
evidence that it is also increased in patients with autoim-
mune conditions such as arthritis, psoriasis, and ankylosing 
spondylitis.24

Immune Activation from the Gut

For many years, it was thought that the primary immune 
cells involved in autoimmunity were T cells and antibody-pro-
ducing B cells. With these cells at the center of the process, it 
was not clear how gut permeability could directly contribute 
to joint pain or psoriasis. Yet it is now known that many other 
immune cells are involved, and some of these cells are readily 
activated by a variety of molecules derived from the gut.

Mast cells provide a good example. In rheumatoid arthritis, 
an inflamed joint may have up to 25 times the number of mast 
cells as a non-inflamed joint.25 Mast cells are nonspecific “first 
responder” immune cells. Unlike B cells and T cells, they do 
not need to recognize a specific foreign antigen to become 
activated. Instead, they can be activated by a wide variety of 
triggers, including other immune cells, allergens coated in 
antibodies, and bacterial byproducts. 

In psoriasis and arthritis, it appears that self-reactive 
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antibodies and T cells switch on the mast cells, which causes 
them to start producing inflammatory mediators such as 
TNF and interleukin-17.26

If intestinal permeability is increased, mast cells will also 
be activated by molecules coming from the gut, such as the 
carbohydrates in bacterial cell walls. (Mast cells have specific 
“pattern recognition” receptors that can recognize molecules 
as coming from bacteria.27) Thus, increased intestinal per-
meability can readily exacerbate the inflammatory process 
by adding another stimulus for mast cells to proliferate and 
release inflammatory mediators.

A study published in the British Medical Journal in 2015 
actually observed the synergistic effect of different mast 
cell triggers in patients with rheumatoid arthritis.28 The 
researchers showed that when mast cells are exposed to anti-
body complexes and bacterial byproducts at the same time, 
there is a fivefold increase in inflammatory mediators in the 
joints. The authors concluded that “combined activation of 
mast cells via these pathways greatly enhances inflammation 
in synovial tissue of [rheumatoid arthritis] patients.”

Taken as a whole, the scientific research suggests that by 
reducing the volume of bacterial byproducts and food aller-
gens that can cross the gut barrier, we may be able to reduce 
the stimulus to immune cells to produce inflammatory medi-
ators in the skin and joints. In short, to combat inflamma-
tion, we need to restore the gut barrier.

To do so, the first step is to identify the factors that cause 
the most damage. As will be explained in detail in later chap-
ters, specific components of the modern diet, such as gluten, 
cause widespread damage to the tight junctions and the 
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epithelial cells that make up the gut barrier. The immune 
response to food allergies also causes significant damage.

Medications such as nonsteroidal anti-inflammatory drugs 
(NSAIDs) are another major cause of increased intestinal per-
meability. It has been shown that medications such as Celebrex, 
Ibuprofen, and Aleve (naproxen) can in fact increase perme-
ability within 24 hours of a single dose.29 The effect is par-
ticularly pronounced after long-term use, producing visible 
gut inflammation and a dramatic increase in permeability.30 
Aspirin also increases permeability, although perhaps to a 
lesser extent than other NSAIDs.31 The damage caused by this 
class of medication to the gut barrier provides a good reason 
to work with your doctor to reduce your reliance on NSAIDs.

This brings us to the final and perhaps most important 
contributor to intestinal permeability: a disruption to the 
balance of gut bacteria.

The Microbiome and Autoimmunity

Beneficial bacteria play a critical role in maintaining the gut 
barrier. They produce compounds that stimulate intestinal 
cells to make additional tight junction proteins and to build 
up the protective mucus layer.32 With fewer protective bac-
teria prompting the intestinal cells to perform these mainte-
nance tasks, the intestinal barrier begins to degrade. Efforts to 
address intestinal permeability should therefore focus on sup-
porting protective bacteria, as discussed in detail in chapter 3.

Protective bacteria also serve two other major roles in 
reducing inflammation: they suppress the growth of harmful 
bacteria and directly calm the immune system.33
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Immune-Calming Microbes

In 2011, researchers discovered that a specific group of 
common gut bacteria can help curtail an excessive immune 
response. Dr. Kenya Honda and his colleagues at the University 
of Tokyo found that a community of microbes belonging to the 
genus Clostridium, which are abundant in the gut of healthy 
humans, directly regulate the immune system by boosting 
regulatory immune cells.34

Specifically, the bacteria within two clusters of Clostridia 
(termed cluster IV and XIVa) promote the development of 
regulatory T cells in the colon. This discovery garnered much 
attention because regulatory T cells play a vital role in con-
trolling inflammation. These cells are a key part of the system 
of checks and balances that prevent immune activity against 
normal proteins.

Regulatory T cells suppress the activity of immune cells 
involved in an autoimmune disease, such as self-reactive T cells 
and mast cells.35 They also produce anti-inflammatory medi-
ators while reducing production of mediators typically impli-
cated in autoimmunity, such as TNF.36 In short, regulatory T 
cells are central to the control mechanism that normally pre-
vents autoimmunity and keeps inflammation in check.37

Dr. Honda’s discovery raised the possibility that by 
boosting the population of bacteria in Clostridia clusters IV 
and XIVa, we could boost regulatory T cells and thereby sup-
press the inflammation seen in various autoimmune diseases.

The venture capitalists flocked. With an injection of 
funding, Dr. Honda and several other microbiome researchers 
founded Vedanta Biosciences with the mission of “devel-
oping an innovative class of therapies that modulate path-
ways of interaction between the human microbiome and the 
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host immune system.” Their main product in development is 
a cocktail of 17 bacterial species from the Clostridia clusters 
shown to increase regulatory T cells.

The pharmaceutical giant Johnson & Johnson saw the appeal 
of Vedanta’s strategy and signed a deal reportedly worth more 
than $300 million. Together, Vedanta and Johnson & Johnson 
are seeking FDA approval for the Clostridia bacteria to treat 
inflammatory diseases. In 2016, Vedanta locked up exclusive 
rights to the use of these bacteria with the grant of three US 
patents. One of these patents covers a method of treating auto-
immune disease using “a purified bacterial mixture of at least 
two live bacterial strains belonging to Clostridium clusters IV 
and/or XIVa.”38

Clearly, these bacteria hold tremendous potential for 
treating inflammatory diseases. Fortunately, Vedanta does 
not own the rights to these bacteria as they exist in nature. As 
the company admits, the strains they use were “derived from 
a single healthy donor.” They are “ubiquitous and prevalent in 
the general population.”39

To restore the microbiome’s immune-regulating function, 
we do not have to wait for a patented bacterial cocktail from 
the pharmaceutical industry. We instead need to understand 
what goes wrong with the microbiome in those with auto-
immune disease and how to shift the balance back to that 
resembling healthy individuals. Fortunately, the last several 
years have witnessed major advances on both fronts.

Missing Microbes

The recently developed ability to rapidly sequence massive 
amounts of DNA has led to an explosion of new insights 
into the microbiome. Previously scientists could only study 
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a small proportion of the bacteria found in the gut, but now 
they can see the full picture. It is possible to not only observe 
the full set of thousands of bacterial species at the same time 
but also to determine the relative abundance of the different 
species in different individuals. One of the major findings 
from this technological leap is the fact that the microbiomes 
of patients with autoimmune disease often show character-
istic differences from those of healthy individuals.

These differences have been extensively studied in the con-
text of Crohn’s and ulcerative colitis. In people with those 
conditions, there is typically a marked reduction in bacteria 
within Clostridia clusters IV and XIVa, including species 
with unfamiliar names such as Faecalibacterium prausnitzii, 
Eubacterium rectale, and Roseburia intestinalis.40 The degree 
of microbiome disruptions also matters. The more these spe-
cies are depleted, the more severe the disease is and the more 
likely patients are to relapse.41

The Microbiome in Psoriasis and Arthritis

In 2015, the link between these missing microbes and 
autoimmunity expanded further. In a landmark study, Jose 
Scher and colleagues at NYU and Memorial Sloan Kettering 
revealed that patients with psoriatic arthritis also have lower 
levels of many of the same bacterial species depleted in IBD.42 
Other groups have now witnessed a similar phenomenon in 
psoriasis, juvenile arthritis, and rheumatoid arthritis, with 
a reduction in various bacterial species that are normally 
found in healthy individuals.43

Notably, in these conditions, many of the missing species 
also overlap with the species that are depleted in those with 
inflammatory bowel disease.44 In a study of children with a 
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particular form of juvenile arthritis, for example, F. praus-
nitzii constituted less than 4 percent of total bacterial spe-
cies in the gut, compared to 10 percent of the microbiota of 
healthy children.45 In another study of juvenile arthritis, those 
children in remission had much higher levels of Clostridium 
cluster IV bacteria compared to the children with active 
arthritis.46 In the same vein, patients with new-onset rheu-
matoid arthritis were found to have fewer bacteria from 
Clostridium cluster XIVa.47

There is a common characteristic of the bacteria found to 
be depleted in inflammatory diseases: they have the ability 
to preserve the integrity of the gut barrier and to calm down 
the immune system.48 Vedanta’s approach to treating inflam-
matory disease is really to reinstate the immune-regulating 
function of the bacterial species that are depleted. We can 
do the same thing by understanding more about these par-
ticular microbes.

How Microbes Influence Immunity

The extraordinary discovery that microbes can calm the 
immune system sparked a race among researchers to figure 
out exactly how this happens. The race was won in May 2013, 
with three groups of researchers making the same discovery 
within weeks of each other.49 The answer: certain bacteria 
prompt the immune system to make more regulatory T cells 
by producing a short-chain fatty acid called butyrate.

The bacteria that are best at producing butyrate happen 
to be those species found in Clostridia clusters IV and 
XIVa, which are often depleted in inflammatory diseases.50 
Butyrate is thus the missing link explaining how a deple-
tion of these microbes can contribute to inflammation. With 
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lower levels of butyrate-producing bacteria, fewer regulatory 
T cells are produced, and a powerful control mechanism that 
typically restrains autoimmunity is compromised.51

Butyrate also plays another key role in maintaining gut 
health. It is in fact the main energy source for the cells lining 
the intestines. It helps fuel the repair and regeneration of the 
cell layer and tight junctions while also increasing the pro-
duction of the protective mucous layer.52 As the main source 
of butyrate, it is unsurprising that the bacteria in Clostridia 
clusters IV and XIVa play an important role in maintaining 
the gut barrier.53

Unfriendly Microbes

Other evidence suggests that harmful bacteria may in fact 
be just as much of a problem in inflammatory disease as the 
depletion of good bacteria. The microbiome is a complex eco-
system, and when the population of friendly bacteria declines, 
the ecosystem can be colonized with other species that, instead 
of calming the immune system, antagonize it.

In 2016 and 2017, several studies reported that in inflam-
matory bowel disease, psoriasis, and arthritis, there is not 
only a lower level of protective bacteria but also a higher level 
of harmful species, such as E. coli, Salmonella, Prevotella, 
Collinsella, and Klebsiella.54

These species cause harm in two ways: firstly, they can 
damage the gut barrier, rendering it more permeable; sec-
ondly, they can activate the specific immune cells involved in 
autoimmune disease.55 

 Interestingly, different forms of arthritis are characterized 
by overgrowths of different bacterial species. In rheumatoid 
arthritis, researchers have found an increased abundance of 
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Prevotella or Collinsella, while spondyloarthritis has been 
linked to a particularly aggressive form of E.coli.

This type of E. coli is called “adherent-invasive E. coli” 
because it sticks to intestinal cells and invades the protec-
tive mucus layer, which can trigger a massive inflamma-
tory response.56 It was already known that about half of all 
Crohn’s patients have adherent-invasive E. coli, whereas it is 
found in only 1 percent of the general population.57 In 2017, 
researchers found that this type of E. coli may be a major 
contributor to spondyloarthritis.58 (The spondyloarthritis 
group includes psoriatic, juvenile, and ankylosing spondy-
litis.) Specifically, a group of researchers at Weill Cornell in 
New York found that patients with both spondyloarthritis 
and Crohn’s disease actually had a much greater number of 
adherent-invasive E. coli than those with just Crohn’s dis-
ease.59 When this specific E. coli was transferred to mice, it 
triggered the precise immune response characteristic of spon-
dyloarthritis as well as inflammatory arthritis symptoms.

The particular bacterial species that are overrepresented 
in those with rheumatoid arthritis have also been found to 
specifically activate the autoimmune process.60 

Thus, it is not just the absence of beneficial microbes but 
also an overgrowth of harmful species that likely contributes 
to autoimmunity. In short, it may be the balance of different 
bacterial species that matters most. As explained by Ivaylo 
Ivanov, Assistant Professor of Microbiology and Immunology 
at Columbia University in New York, it is “probably the ratio, 
the combination of bacteria in the gut will determine whether 
you will get disease or not.”61 Our goal, then, is to restore the 
ratio—to combat autoimmune disease by boosting the pro-
tective species and crowding out the harmful species.
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