eLIFE

elifesciences.org

CYTOKINES

A gut response

Unexpected findings from the immune system of sea urchin larvae

potentially provide insights into immune signaling in ancestral animals.

MATTHEW L NICOTRA
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n 1882, Elie Metchnikoff peered through a
microscope at a starfish larva and observed
migrating cells engulf a splinter. He named
these cells ‘phagocytes’, and they inspired the
idea that certain cells defend the organism by
eating foreign invaders (Metchnikoff, 1893).
Metchnikoff's phagocytosis theory described a
new dimension of immunity and earned him a
Nobel prize in 1908 (Tauber, 2003).
Starfish are echinoderms - a set of marine
animals that also includes sea urchins. Nearly
100 years after Metchnikoff identified phago-
cytes, a team of scientists sequenced the urchin
genome and made a startling discovery: several
families of innate immune molecules had more
than 200 members, which was much greater
than anything encountered in previously
sequenced animal genomes (Sea Urchin
Genome Sequencing Consortium et al., 2006).
As the genomes of additional species were
sequenced, a picture emerged indicating that
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elife, Jonathan Rast, Katherine Buckley and co-
workers at the University of Toronto and Sunny-
brook Research Institute — including Buckley and
Eric Ho as joint first authors — report unexpected
results regarding a cytokine called IL-17 in echi-
noderm larvae (Buckley et al., 2017).

Immunologists focus a lot of attention on
how cytokines control immune cells, but they
(the cytokines, not the immunologists) can also
work on other cell types. For example, in mice
and humans, IL-17 acts almost entirely on the
epithelial cells that line body cavities and the
mesenchymal cells that make up connective tis-
sue. In response to IL-17, the cells trigger inflam-
mation — an important part of the early immune
response (Amatya et al., 2017).

While Buckley et al. did not set out to study
IL-17, they were interested in how urchins deal
with bacteria in their guts. Urchin larvae feed by
filtering microbe-rich seawater, and should
therefore have robust gut immune responses.
The larvae are transparent, which allowed Buck-
ley et al. to watch as the same cell types that
enthralled Metchnikoff engulfed bacteria in the
gut. Yet even before the infection was visible,
immune cells migrated to the gut and the gut
epithelium thickened and closed off. This indi-
cated an early, systemic immune response. Fur-
ther investigation revealed that the urchin
versions of IL-17 were some of the most highly
expressed genes immediately after an infection.
This raised the question of whether IL-17 has an
ancient role as a regulator of gut microbial
responses.

For most cytokines it would be difficult, if not
impossible, to find the answer. Cytokines evolve
so quickly that it is hard to identify which are
homologs (i.e. which genes share a common
ancestor). IL-17, however, has several highly con-
served motifs that allowed Buckley et al. to
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identify 35 members of the IL-17 family in
urchins. By contrast, mice and humans only have
six members (Amatya et al., 2017). These 35
cytokines cluster into ten subgroups, dubbed
SplL17-1 through SplL17-10. Remarkably, the
subgroups appear in four other echinoderm spe-
cies that span over 260 million years of evolu-
tion. This conservation suggests each family has
a distinct and essential role. Unfortunately, more
than 500 million years of evolution separates
echinoderms and mammals, which prevents us
from establishing the evolutionary relationships
between individual urchin and mammalian
genes, even for IL-17.

Buckley et al. next assembled a detailed pic-
ture of IL-17 expression in both adult urchins
and larvae. All IL-17s were completely inactive in
healthy larvae, but four hours after an infection
the activity of two families - SpIL17-1 and
SplL17-4 — dramatically increased. Subsequently,
several other immune genes were activated,
including two hallmarks of inflammation. A series
of cellular localization experiments further dem-
onstrated that gut epithelial cells - and not
immune cells — express IL-17 cytokines. Buckley
et al. then combined publicly available data with
their own experiments to show that in adult
urchins, SplL17-1 and SplL17-4 are inactive dur-
ing bacterial infections. Instead, a different fam-
ily (SplL17-9) increases its activity, which is
followed by the expression of several echino-
derm-specific defense molecules.

With 35 IL-17-like cytokines in the genome,
one might expect a similar diversity of IL-17
receptors. However, Buckley et al. found only
two. Blocking the translation of one of the
receptor types was lethal for the larvae. Blocking
the other receptor — termed IL-17R1 - reduced
the expression of several (but not all) immune
response genes, and did not prevent immune
cell migration. Other pathways of immune acti-
vation must therefore exist.

These findings raise a number of questions.
Why do echinoderms have ten IL-17 families yet
apparently only two receptors? Do additional IL-
17 receptors that lack homology to their verte-
brate counterparts exist? How does the gut epi-
thelium sense bacteria to trigger an immune
response? One can expect that recent demon-
strations of CRISPR/Cas9 mediated genome
editing in urchins will help researchers to seek
answers to these questions (Lin and Su, 2016).

More fundamentally, does the production of
IL-17 by epithelial cells represent an ancestral
immune state in animals? The answer could be
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yes. Nearly everything we know about mamma-
lian IL-17 signaling comes from studies of a sub-
family called IL-17A, which is secreted by
immune cells, but several other IL-17s are pro-
duced by gut epithelial cells (Song et al., 2011).

In summary, these results reinforce the idea
that we should study host immune defenses
across the animal tree in order to discover gen-
eral properties of immune systems (Litman and
Cooper, 2007). Buckley et al. have achieved this
by peering into an echinoderm. Metchnikoff
would approve.

Matthew L Nicotra is in the Thomas E. Starzl
Transplant Institute and the Departments of
Surgery and Immunology, University of
Pittsburgh, Pittsburgh, United States
nicotraml@upmc.edu

2 http://orcid.org/0000-0001-5361-8398

Competing interests: The author declares that no
competing interests exist.
Published 02 June 2017

References

Amatya N, Garg AV, Gaffen SL. 2017. IL-17 Signaling:
The Yin and the Yang. Trends in Immunology 38:310-
322. doi: 10.1016/].it.2017.01.006, PMID: 28254169
Buckley KM, Ho ECH, Hibino T, Schrankel CS, Schuh
NW, Wang G, Rast JP. 2017. IL17 factors are early
regulators in the gut epithelium during inflammatory
response to Vibrio in the sea urchin larva. eLife 6:
e23481. doi: 10.7554/elife.23481, PMID: 28447937
Lin CY, Su YH. 2016. Genome editing in Sea Urchin
embryos by using a CRISPR/Cas9 system.
Developmental Biology 409:420-428. doi: 10.1016/].
ydbio.2015.11.018, PMID: 26632489

Litman GW, Cooper MD. 2007. Why study the
evolution of immunity? Nature Immunology 8:547-548.
doi: 10.1038/ni0607-547, PMID: 17514203
Metchnikoff E. 1893. Lectures on the Comparative
Pathology of Inflammation. London: Kegan Paul,
Trench, Trubner, and Co, Ltd.

Sea Urchin Genome Sequencing Consortium,
Sodergren E, Weinstock GM, Davidson EH, Cameron
RA, Gibbs RA, Angerer RC, Angerer LM, Arnone MI,
Burgess DR, Burke RD, Coffman JA, Dean M, Elphick
MR, Ettensohn CA, Foltz KR, Hamdoun A, Hynes RO,
Klein WH, Marzluff W, McClay DR, et al. 2006. The
genome of the sea urchin Strongylocentrotus
purpuratus. Science 314:941-952. doi: 10.1126/
science.1133609, PMID: 17095691

Song X, Zhu S, Shi P, Liu Y, Shi Y, Levin SD, Qian Y.
2011. IL-17RE is the functional receptor for IL-17C and
mediates mucosal immunity to infection with intestinal
pathogens. Nature Immunology 12:1151-1158.

doi: 10.1038/ni.2155, PMID: 21993849

Tauber Al. 2003. Metchnikoff and the phagocytosis
theory. Nature Reviews Molecular Cell Biology 4:897-
901. doi: 10.1038/nrm1244, PMID: 14625539

Nicotra. eLife 2017;6:€28152. DOI: 10.7554/eLife.28152

20f2


http://orcid.org/0000-0001-5361-8398
http://dx.doi.org/10.1016/j.it.2017.01.006
http://www.ncbi.nlm.nih.gov/pubmed/28254169
http://dx.doi.org/10.7554/eLife.23481
http://www.ncbi.nlm.nih.gov/pubmed/28447937
http://dx.doi.org/10.1016/j.ydbio.2015.11.018
http://dx.doi.org/10.1016/j.ydbio.2015.11.018
http://www.ncbi.nlm.nih.gov/pubmed/26632489
http://dx.doi.org/10.1038/ni0607-547
http://www.ncbi.nlm.nih.gov/pubmed/17514203
http://dx.doi.org/10.1126/science.1133609
http://dx.doi.org/10.1126/science.1133609
http://www.ncbi.nlm.nih.gov/pubmed/17095691
http://dx.doi.org/10.1038/ni.2155
http://www.ncbi.nlm.nih.gov/pubmed/21993849
http://dx.doi.org/10.1038/nrm1244
http://www.ncbi.nlm.nih.gov/pubmed/14625539
http://dx.doi.org/10.7554/eLife.28152

