Pursuit - The Journal of Undergraduate Research
at The University of Tennessee
Volume 5

Issue 1

Article 12

June 2014

Crohn’s Disease linked Polymorphisms associated with
Autophagy contribute to Th17 cell induction through increasing
the expression of IL-1β
IL-1 and TNF-α
TNFDaniel Clayton Morse
dmorse2@utk.edu

Follow this and additional works at: https://trace.tennessee.edu/pursuit
Part of the Gastroenterology Commons, and the Medical Immunology Commons

Recommended Citation
Morse, Daniel Clayton (2014) "Crohn’s Disease linked Polymorphisms associated with Autophagy
contribute to Th17 cell induction through increasing the expression of IL-1β and TNF-α," Pursuit - The
Journal of Undergraduate Research at The University of Tennessee: Vol. 5 : Iss. 1 , Article 12.
Available at: https://trace.tennessee.edu/pursuit/vol5/iss1/12

This article is brought to you freely and openly by Volunteer, Open-access, Library-hosted Journals (VOL Journals),
published in partnership with The University of Tennessee (UT) University Libraries. This article has been accepted
for inclusion in Pursuit - The Journal of Undergraduate Research at The University of Tennessee by an authorized
editor. For more information, please visit https://trace.tennessee.edu/pursuit.

PURSUIT

Pursuit: The Journal of Undergraduate
Research at the University of Tennessee
Copyright © The University of Tennessee
trace.tennessee.edu/pursuit

Crohn’s Disease linked Polymorphisms associated with
Autophagy contribute to Th17 cell induction through down
regulating Il-10 and up regulating IL-1 and TNFDANIEL MORSE
Advisor: Dr. Nathan W. Schmidt and Dr. Vitaly V. Ganusov
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Genome wide association studies (GWAS) have linked polymorphisms in autophagy genes
to Crohn’s Disease (CD). Interestingly, recent studies have shown that defective autophagy
leads to increased levels of the cytokines IL-1 and TNF- , which play a critical role in Th17
cell differentiation. This is significant because CD is marked by a Th17 cell mediated
inflammatory response. Through a unique synthesis of the current CD literature, this review
examines the manners in which defective expression of autophagy linked proteins indirectly
amplify and sustain Th17 cell induction through increasing the production of Th17 positively
differentiating cytokines (IL-1 and TNF- ) and decreasing the production of the Th17 down
regulating cytokine IL-10.

Introduction
The two most prevalent varieties of IBD are Ulcerative Colitis (UC) and Crohn’s Disease (CD),
thought to primarily affect Western Europe and North America, new evidence shows strikingly
increased prevalence rates across the globe especially in the Middle East, India, China, and
This paper will focus on Crohn’s Disease (CD), which is marked by chronic intestinal
intestinal blockage and diarrhea. Severe cases are characterized by intestinal stricturing and
defects in intestinal immune cells, which allows the intestinal micro biota to improperly
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normal intestinal mucosa, the mucosa of CD patients contains increased levels of Th17 cells
[5]. The increased numbers of Th17 cells in active CD, is logical as high levels of both the

mucosa of CD patients.
Genome Wide Association Studies (GWAS) have further strengthened the link between
Th17 cells and CD by linking single nucleotide polymorphisms (SNPs) in components of the

, the presence
of the retinoic acid receptor-related orphan nuclear receptor gamma transcription factor (ROR-

Th17 Effector cytokines lead to CD inflammation

cytokines produced by Th17 cells are found in abundance in the intestine of CD patients.
Th17 cell derived cytokines contribute to the hyperactive and damaging immune response

extracellular matrix. The extracellular matrix between cells is made up of proteins, like collagen,
that help to maintain the integrity and strength of intestinal walls. Thus, high levels of MMPs
damage the intestinal wall. The abnormally high levels of MMPs are likely to be responsible for
models of CD, antibodies designed to inhibit MMPs have shown a therapeutic ability to reduce
CD symptoms partially through the activation of MMPs.
Besides activating MMPs, Th17 effector cytokines contribute to the hyper immune
response associated with CD in a plethora of other ways. IL-17 binds to receptors on endothelial
and myeloid cells, where it induces the expression of key chemokines involved in neutrophil

including MMPs, the effector cytokines produced by Th17 cells are responsible for much of the

Th17 Polarization
Interestingly, Th17 cells are closely related to inducible T regulatory (iTreg) cells, another
T cells. In contrast to the damaging properties of Th17 cells, Treg cells,
including both peripherally generated induced Treg (iTreg) and thymus-derived natural Treg

Th cells. Once
T cells have developed and matured in the thymus, they exit and begin to circulate
T cells are T cells that have not
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T cells
are activated by antigen-presenting cells (APCs) through T-cell receptor ligation (presentation
T cell’s
T cell is then
determined by the cytokine environment. Thus the factors that alter the cytokine environment
T cells.
T cells are likely to come into contact with

Treg cell (both iTreg and nTreg) induction largely depends upon the activation of the Treg

T cells into Th17 cells.

Th17 Inducing Cytokines
IL-1
Increased levels of

Indeed,

power of anti-TNF antibodies is partially attributed to the ability of anti-TNF antibodies to
In mice with increased IL-1 levels, anti-IL-1 antibodies

The IL-1 receptor (IL-1R) is found not only on leukocytes, but also on numerous other

plays
a pivotal role in activating Th17 cells
IL-1 activates and sustains Th17 populations. In the gut, resident macrophages (CD68

lymphocytes [8]. This shows the critical role IL-1 plays in driving differentiation of Th17 cells,
as CD161 is a marker of cells committed to the Th17 phenotype [8]. Studies have shown that
disruption of the IL-1R strongly impairs Th17 differentiation and accumulation as well as

, IL-1 plays a critical role in polarizing the Th17 phenotype

Besides polarizing the Th17 phenotype, IL-1 has a key role in maintaining the activated
state and growth of Th17 cells. In vitro experiments showed IL-1’s ability to activate IL-17
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through driving the polarization and expansion of the Th17 phenotype, IL-1 increases intestinal

IL-23

conditions of CD.

T cells to
T cells in vitro
) cells that in turn secrete increased levels of IL-10 [57]. Thus
conditions that would favor Th17 development. Studies continue to show that the polarization
vivo microenvironment [58].
T cells decreases the inhibition of the Th17

works with IL-1 to support the maintenance and expansion of the Th17 population. Indeed

homeostasis and

TNF-

cell induction.

The presence of certain cytokines has an enormous effect on dictating whether the
immune response will be regulated or will become excessive. Because the up-regulation
of Th17 cells simultaneously down regulates Treg cells, the induction of Th17 cells
simultaneously removes the primary cell associated with immune regulation. This results
in an increase in the ratio of Th17 cells to Treg cells. Thus, the compound effect proTherefore, any cellular process that leads to
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potentially be linked to increased Th17 induction. Fascinatingly, both TNF- and IL-1
secretion is up regulated when a cellular process known as autophagy is defective. The
regulated by the defective autophagy.

Autophagy
Autophagy refers to the cellular response to stress that results in the degradation/
recycling of cytoplasmic components. This catabolic pathway responds to a wide variety of
cellular stress such as nutrient deprivation, hypoxia, DNA damage, mechanical injury, ROS,
misfolded protein/ER stress, organelle dysfunction and pathogen (viruses, bacteria, or parasites)
Xenophagy is the form of autophagy when the cytoplasmic component being degraded
is a pathogen. In other words, xenophagy is the autophagic engulfment and breakdown of
epithelial cells [66], non-intestinal epithelial cells [67], monocytes [68], and macrophages [68,
69].
Autophagy (and thus xenophagy) functions through the engulfment of cytoplasmic
components by an autophagosome, which then fuses with a lysosome, resulting in the degradation
of the components [70]. The autophagosome is a double membrane vesicle that is assembled by
autophagy related proteins (Atgs) [70]. Proper autophagosome induction is a complex process
involving many steps and is dependent on many different proteins [70]. Interestingly three of

Genetics (GWAS Genome Wide Association Studies)
In an attempt to understand the pathogenesis of CD, researchers have utilized new

[71]. This improvement in genotyping has led to the arrival of Genome Wide Association
Studies (GWAS). In GWAS, thousands of genome wide single nucleotide polymorphisms
(SNPs) in controls and cases are compared. So far, this process has resulted in the labeling of

suggested a key role of autophagy in the pathogenesis of CD.
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CD linked Single Nucleotide Polymorphisms (SNPs) associated with
autophagy
NOD2
Pattern recognition receptors (PRRs), including Toll like receptors (TLRs) and Nod like

intracellular bacteria have the potential to play a major role in CD.
Both the two SNPs, substitution of positively charged arginine for neutrally charged glycine
at amino acid residue 908 (Gly908Arg) and substitution of neutrally charged tryptophan for

engulfment and breakdown of intracellular bacteria. Functional xenophagy depends upon the
complete engulfment of intracellular pathogens and thus depends on the correct induction
of autophagosomes at the sites of pathogen entry. In turn this induction depends upon the
recruitment of ATG16L1 to the plasma membrane, where the sites of pathogen entry are located
[76].
The recruitment of ATG16L1 to the sites of bacterial entry was found to be completely

and ATG16L1 resulted in the proper recruitment of ATG16L1 to the sites of bacterial entry on
the plasma membrane [76]. Human macrophages homozygous for the (L100fsinsC) frameshift
mutation were unable to recruit ATG16L1 to the sites of bacterial entry on the plasma membrane
engulf the invading bacteria.

epithelial cells and macrophages [77]. Thus, functional xenophagy depends upon the correct

ATG16L1

the ileum [78]. The mutation is found in the carboxyl terminal WD-repeat domain, which is
implicated in protein-membrane/protein-protein interactions [78].
that is essential for correct autophagosome induction [79]. Dysfunctional ATG16L1 leads
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to dysfunctional autophagosome induction and hence, dysfunctional autophagy. Thus,
dysfunctional ATG16L1 would also impair xenophagy. Indeed, severely weakened clearance
of the intracellular pathogen Salmonella typhimurium was observed in human epithelial cells
with the CD-linked ATG16L1 mutation [80]. Other studies suggest that impaired xenophagy
(cellular clearance of intracellular bacteria) leads to the activation of Th17 cells.

IRGM
The third of the primary CD linked autophagy proteins is IRGM (Immunity-related
GTPase family M). Polymorphisms in both the coding and promoter regions of the IRGM gene
activation of xenophagy [65]. Defective expression of IRGM leads to defects in xenophagy, and
Functional autophagy (and thus xenophagy) depends on the proper expression of
dysfunctional autophagy (xenophagy). Dysfunctional expression of autophagic (xenophagic)
and possibly through the down regulation of IL-10.

Increased secretion of IL-1
Recent studies have shown that autophagy plays an integral role in the production of
to autophagy. Studies in human monocytes and murine macrophages have found that impaired

blocks the Beclin-1 complex, which is required for the initiation of the induction of the

results in increased IL-1 production. Likewise impaired expression of ATG16L1, additionally
Because autophagy negatively regulates IL-1 production, defective autophagy would
lead to IL-1 secretion in response to TLR ligands that would normally fail to stimulate
IL-1 secretion. Saitoh et al., found higher secretion of IL-1 in response to LPS as well as
Eneterobacter aerogenes, E. coli and Klebsiella pneumoniae (non-invasive gram negative
These indicate that defective autophagy could be implicated in a hyperactive immune response
to commensal bacteria. Thus, defective autophagy could lead to a potentially harmful immune
response to non-pathogenic bacteria.
In order to understand how impaired autopahgy controls IL-1 production, it is necessary

production begins with the induction of the transcription of the cytokine gene. TLR ligands,

regulating protein (factor), which initiates gene transcription [91].
After transcription, translation creates inactive precursor IL-1 which must be
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Caspase 1 itself exists in an inactivate form, pro-caspase 1, until it is activated by the cytosolic

Autophagic Regulation of IL-1 production dependent on the NLRP3 inflammasome
mediated cytokine production? Recently, mitochondrial homeostasis was linked to functional
autophagy through studies that showed dysfunctional autophagy disrupted mitochondrial
autophagy impairs mitochondrial homeostasis. Disruption of mitochondrial homeostasis
was marked by increased mitochondrial membrane permeability, increased production of
mitochondrial reactive oxygen species (ROS) and release of mitochondrial DNA into the

Further studies showed that blocking ROS in macrophages with impaired autophagy, led
maintaining mitochondrial

potent cytokine, TNFproduced by macrophages in response to TLR ligands [96]. TNF- has been shown to
disrupt mitochondrial homeostasis, which in turn heightens ROS production that ultimately
anti-TNFantibodies leads to reduced secretion of
TNF- production [99]. In cells with defective autophagy, the TNF- produced from this
stimulation will substantially disrupt mitochondrial homeostasis, leading to increased ROS

In summary defective autophagy leads to mitochondrial stress, which leads to

dependent manner.
Autophagic Regulation of IL-1 production independent of the NLRP3 inflammasome

al. using bone marrow-derived macrophages (iBMM) and DCs (BMDC) from mice, showed

, the forced induction of

mRNA [88]. Plantinga and Crisan showed that in human peripheral blood monocytes (PBMCs),
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Defective autophagy heightens Il-1 signal transduction
Besides initiating autophagosome induction in autophagy and thus down regulating
IL-1 production, ATG16L1 was recently found to negatively regulate IL-1 signaling. Lee et al
transduction cascades [100]. Functional ATG16L1 promotes the degradation of Nucleoporin

oligomerization and activation of the signal transducer, TRAF (TNF receptor associated factor)
6 [100].

consequence of heightened IL-1 signal transduction. Because the signal transduction cascade is

without impaired expression of ATG16L1. [100] This implicates the ATG16L1 gene as

signal transduction cascade up regulates Th17 differentiation. Thus, defective expression of a
the up regulation of Th17 cells.

Defective autophagy leads to impaired clearance of Adherent-Invasive E. coli
(AIEC), which results in increased production of TNFXenophagy plays a central role in the clearance of intracellular pathogens. Hence
polymorphisms in xenophagy genes have been linked to defective clearance of intracellular
pathogens. Numerous studies have reported high levels of a unique strain of E. coli in CD
is marked by strong adherence and invasive properties and hence
is referred to as adherent-invasive E. coli (AIEC).
AIEC are able to survive and replicate inside intestinal epithelial cells and macrophages
to degrade and remove intracellular pathogens. Indeed, the intracellular presence of AIEC
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stimulates the association of xenophagic components around the point of endocytosis where
al., showed that dysfunctional expression of any of the three primary xenophagy genes linked
experiments also showed that forced induction of xenophagy decreased the concentration of

AIEC invade intestinal epithelial cells via a macropinocytosis-like process [105].
Once inside cells, AIEC begin to replicate inside acidic vacuolar phagolysosomes despite

expression of TNF- , which in turn activates Th17 cells.
As the intracellular concentration of AIEC in macrophages rises, the secretion
of TNFcorrelates with
increased replication of AIEC. The reasons why and the mechanism for how AIEC induces
TNF- secretion remains unclear. Yet it was found that the secretion of TNF- was found to
be primarily induced by AIEC in order to provide conditions favorable for their replication
instead of by the host cell in an attempt to clear the AIEC [106].
Regardless of the reasons why and the mechanisms how, substantial evidence points
to increased secretion of TNF- by AIEC infected macrophages. This increase in TNF- up

Increased Claudin -2

AIEC population up regulates TNFintestinal permeability. Thus high levels of TNF- increase intestinal permeability, which
in turn leads to the induction of Th17 cells (and also allows for fecal-oral transmission of
AIEC).
Defects in the intestinal barrier lead to increased Th17 cell induction. This results
due to the increased contact of commensal and pathogenic microorganisms in the gut
lumen with immune cells in the lamina propria. Increased T cell activation would result
from the increased number of antigens antigen-presenting cells (APCs) would encounter.
Likewise increased stimulation of immune cells, principally macrophages and Dendritic
, IL-1
Th17 cell induction. This effect would be compounded by any genetic factors that would
defective regulation of IL-1 production or signaling). Thus defects in the intestinal barrier
can lead to increased Th17 induction.
Increased polarization of Th17 cells through specific inhibition of Treg cell induction

and increased levels of TNF- would lead to increased levels of Th17 cells and decreased
levels of Treg cells. Thus increased levels of AIEC leads to increased levels of TNF-,
which in turn leads to increased levels of Th17 cells.
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High levels of AIEC are linked to defective autophagy and lead to elevated levels
of TNF- . TNF- promotes Th17 cell induction through degrading the intestinal barrier

IL-10

as one of their key effectors [108]. While monocytes, dendritic cells (DCs), mast cells, and
macrophages secrete IL-10 upon stimulation of their pattern PRRs, including TLRs and NLRs.
regulates IL-10 transcription through impeding the activation (phosphorylation) of the nuclear

in decreased secretion of IL-10. Yet it failed to specify the levels of the secretion of other

induction through inhibiting IL-10.

IL-10 regulates CD inflammation
IL-10 plays an important role in intestinal homeostasis. Down regulation of IL-10

levels of IL-10 correlate to severe manifestations of CD that often require multiple surgeries
[109]. In addition, GWAS have linked both IL-10 promoter and IL-10 R polymorphisms to CD
[110].

IL-10 maintains intestinal barrier through activation of IgA
IL-10 stimulates the production of the immunoglobulin A (IgA) antibody by plasma cells

negatively effect the intestinal barrier.

IL-10 enhances Treg induction
T cells into Treg cells [56]. High
T cells, in vitro, into specialized Treg1

of which favors Th17 cell activation.
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Conclusion
This paper examined the ways autophagy linked proteins regulate IL-1 production
and signaling, IL-10 production and intracellular bacterial levels. Autophagy monitors
secretion of IL-1. Likewise defective autophagy leads to the increased levels of IL-1.
The autophagic linked protein ATG16L1 monitors the IL-1 signal transduction cascade.

through xenophagy, controls intracellular bacterial levels. Defective autophagy leads to
by AIEC.
Defective expression of autophagy-linked proteins can lead to the up regulation of
the cytokines needed for Th17 induction (IL-1 and TNF- ) and the down regulation of

This understanding should lead to the continued exploration and development of
be restored Th17 induction would likely be reduced. Restored autophagy would down
regulate IL-1 production, decrease the levels of the TNF- inducing AIEC and reduce
Indeed, the administration of rapamycin analogues, including sirolimus and everolimus,
autophagy induces Th17 cells, this paper encourages the continued exploration of potential
CD treatment involving autophagy.
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