Unraveling the Mysterious Function of the
Microbiome
A new class of experimental therapies is emerging from the study of how the
community of microörganisms in your body contributes to disease.
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What function does your microbiome play in your health? The answer is still a
mystery, but emerging scientific evidence suggests it could have implications
for treating many chronic diseases. A new class of microbiome drugs in
development could eventually be effective against a range of hard-to-treat
disorders, including gastrointestinal, metabolic, immunologic, and even
neurologic problems.
The microbiome is a complex ecosystem of microbes that live in and among
your body’s cells. It consists of distinct communities depending on where they
live in the body. The microbe community in your mouth, for example, is
different in composition from the one in your gut. Changes in the composition
of the microbiome—for example, when pathogenic strains invade and push out
“good” ones—have been correlated with with many diseases.
Most of the initial drugs in development are aimed at the gut microbiome, which
is due to “some combination of its importance to key diseases and sampling
ease,” says Peter DiLaura, CEO of San Francisco-based Second Genome.
Tissue biopsies taken during colonoscopies and fecal samples are rich sources
of information about the differences between the microbiomes of healthy and
sick people.

An electron micrograph of a probiotic, or “good,” gut bacterium called Bifidobacterium breve.

Some companies, led by Seres Therapeutics, are developing and testing drugs
made of microbes. The idea is that adding carefully chosen species and strains
of microbes can restore the gut microbiome’s healthy ecology, similar to the
way fecal transplants are believed to work.
But DiLaura says it’s not clear yet whether the changes in the microbiome
composition that are correlated with disease are driving that disease or are the
effect of it. That’s why Second Genome is focused not only on the composition
of the microbiome in healthy and sick people, but also its function, he says. Its
first drug, which is in phase I clinical trials in the U.S., is for inflammatory
bowel disease, a sometimes life-threatening condition characterized by
inflammation of the intestinal lining or other parts of the gastrointestinal tract.
To better understand the microbiome’s function, the company’s scientists are
studying the “dialogue” between the microbes and their human host. In some
chronic conditions like inflammatory bowel disease, “there is some sort of
cross talk between the microbiome and host that has persisted,” says DiLaura.
Second Genome is aiming to “untangle” that cross talk.
In particular, “we’re looking at the things the bacteria are secreting”—the
proteins, peptides, and metabolites the bacteria produce, says DiLaura. By
sequencing the genomic information from the community of bacteria in tissue

biopsies from both sick and healthy people, the company’s scientists can
determine the “component pieces” of the dialogue between microbiome and
host, helping them hypothesize about what is happening in disease, he says.
They use techniques like machine learning to analyze terabytes of sequencing
data and identify molecules that could be therapeutic, and then evaluate those
candidate molecules in the lab.
Second Genome’s first drug prevents a specific molecule from binding to a
receptor on the surface of cells lining the gut. The hypothesis is that it will block
the inflammation that leads to inflammatory bowel disease.
A key challenge of grasping the functional differences between the microbiomes
of inflamed and healthy tissue is deciphering the “interplay” between the
relevant bacteria, says Marcus Claesson, a microbiologist at the APC
Microbiome Institute in Ireland. How do the different strains interact, and how
is that different in healthy people versus those with inflammatory bowel
disease? It’s much easier to use genomic sequencing to elucidate which strains
are present in the community than it is to investigate the collective function of
the community, says Claesson, who is in the midst of an ongoing research
collaboration with Second Genome.
Second Genome is also pursuing microbiome-based therapies for diabetes,
which requires a discovery process that’s similar to the one for inflammatory
bowel disease, says DiLaura. How is the composition and function of the
microbiome different in people with diabetes? DiLaura says future microbiome
medicines could be used against airway disorders and even diseases of the
central nervous system.
Many factors go into these disorders. But the microbiome “is clearly playing
some role, and we need to get to a better mechanistic understanding about how
the microbiome and host are working together,” says DiLaura.
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