Discussion and future directions

http://hdl.handle.net/1765/131576

Chapter 8

Discussion and future directions
Tridib Das

Discussion and future directions
Tridib Das

1

2

Erasmus Medical Center Rotterdam

Discussion and future directions

In this thesis we addressed the role of A20/Tnfaip3, a negative regulator of NF-κB
signaling in dendritic cells (DCs) in immune regulation that is essential to prevent autoimmune disease. We examined a novel DNGR1-cre mediated targeted deletion of the
Tnfaip3 gene in mice, which primarily affects cDC1s and studied their activation in the
context of a spontaneous chronic autoimmune liver disease (Chapter 3). In a house dust
mite (HDM)-induced neutrophilic airway inflammation, based on LysM-cre-mediated
deletion of A20/Tnfaip3 from myeloid cells, we examined the role of IL-17RA-signaling
(Chapter 4). We surprisingly found that IL-17RA-signaling played no detectable role in
HDM-induced neutrophilic airway inflammation. In aged Tnfaip3CD11c-KO mice, which lack
A20/Tnfaip3 expression essentially in all DCs, we noticed that splenic B cell numbers
were significantly reduced. We therefore examined the developmental stages of B cells
in these mice in detail in Chapter 5 and found that B cell development in the bone
marrow was hampered at the immature B cell stage in 6-week-old Tnfaip3CD11c-KO mice
and at the pre-B cell stage in 24-week-old Tnfaip3CD11c-KO mice. It had been previously
demonstrated that A20/Tnfaip3-deficient bone marrow-derived (BM)-DCs could directly
activate B cells in vitro independent of T cell help. Using this model crossed onto a Cd40lgKO background, we examined whether this also occurred in vivo (Chapter 6). Despite
the crucial role of CD40L in T-B cell communication in acquiring germinal center (GC)
B cells and IgG1 class-switched plasma cells, we still observed glomerular membrane
thickening in Tnfaip3CD11c-KOCd40lgKO mice. We concluded that in these mice the kidney
pathology was most likely mediated by autoreactive, T cell independent IgA, because
IgA was deposited and serum anti-dsDNA IgM and IgA levels were enhanced. Finally,
we aimed to investigate how IL-23 signaling affected Th17 and B cell populations in
Tnfaip3CD11c-KO mice (Chapter 7). We observed that the autoimmune phenotype in mice
with dendritic cell-specific deletion of Tnfaip3/A20 was independent of the IL-23/IL-17
axis.
In this chapter, we discuss the role of A20/Tnfaip3, primarily in DCs, but also other
immune cells, to keep the immune system in balance and prevent autoimmunity. We
translate our findings to patients and discuss the outlook of A20 research in autoimmunity.

A step into the past, equals a step into the future: understanding
DC ontogeny
Nobel laureate Ralph Steinman’s discovery of DCs in the 1970’s boosted our knowledge
of immune homeostasis1. DCs are orchestrators of the immune system from tolerance
to immunity2. This delicate balance is maintained by the expression of tolerogenic or
immunogenic co-stimulators and cytokines3, 4. Over the years various types of DCs were
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discovered and this led to a confusing nomenclature of DC subsets in different organs
and different species, and challenged the comparison of individual experimental studies. At one point in time, questions were asked whether DCs are truly any different from
monocytes at all5. In 2014, when experiments described in this thesis were ongoing, a
consensus was proposed on the basis of DC ontogeny, which corresponded well across
different species6. Deciphering various transcription factors or cell-specific expression
markers to isolate DC subsets became a ‘hot topic’, either by targeted deletion of those
transcription factors7 or by genetic tracing using fluorescent reporters in mice8, 9. Promising results were found for cDC1s and pDCs, but to date, cDC2s have no single transcription factor with exclusive control over their development. This is due to (i) key transcription factors such as IRF4, which are also used by other myeloid or adaptive immune
cells10 and (ii) the finding that cDC2s can also be derived from lymphoid progenitors
during certain conditions11. An overview of the main pDC and cDC transcription factors
is depicted in Figure 1. Very recent work identified a subdivision of cDC2s into cDC2A
and cDC2B based on T-bet or RORγt expression, respectively, and divides them into
anti-inflammatory and pro-inflammatory cDC2s12. Our work did not take these ongoing
divisions of cDC subsets into account.
Our interest settled on loxP-Cre-mediated gene deletion, whereby the DNGR1-cre
(Clec9a-cre) was shown to mostly affect cDC1s, and a smaller proportion cDC2s and
moDCs in steady state8. By crossing our Tnfaip3DNGR1 mice with ROSA-EYFP mice we
demonstrated, in parallel to the work of Schraml et al. in the kidney8, that primarily
cDC1s (~95%) were affected in the liver (Chapter 3). A proportion cDC2s and moDCs
(~30-40%) also showed deletion, as evidenced by YFP expression, in steady state.
Interestingly, during inflammation these proportions were reduced for cDC1s from
~95% YFP-positivity to ~60% YFP-positivity. While Schraml et al did not report the
exact percentages of YFP+ cells in DC subsets during L. monocytogenes inflammation,
their CD11c+GR1- population had ~55% YFP-positivity and likely encompassed most
DC subsets. Thus, during inflammation, there appears to be a positive selection for the
YFP-negative (reflecting the Tnfaip3-sufficient) population of cDC1s in our study. What
the origin of these cells are is yet unknown, but they could be derived from monocytes
as they can express cDC markers in tumors13. In the time that the experiments described
were ongoing, several novel cDC1 specific conditional cre transgenic mouse models
became available such as XCR1-cre or Karma-cre14 that are superior to the DNGR1-cre
mouse. Even during viral infection, these models remain specific for cDC114. The utilization of these models would have given cleaner results in comparison to the DNGR1-cre
mice when analyzing the systemic effects of activated cDC1s, as described in chapter 3.
Nevertheless, in Tnfaip3DNGR1-KO mice cDC and moDC activation was associated with T cell
activation, elevated IFN-γ production and plasma cell differentiation (Figure 2). Specifically, plasma cells were present that produced autoreactive IgA recognizing periportal
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Figure 1: Differential expression of transcription factors regulating DC differentiation
From the common myeloid progenitor (CMP), stems off a granulocyte-monocyte progenitor (GMP) and
macrophage-dendritic cell progenitor (MDP). The latter splits off into a common monocyte progenitor
(CMoP) that may develop into monocytes or into the common DC progenitor (CDP). The CDP may give rise
to pDCs or a precursor DC (pre-DC) for CD4+ or CD8+ DCs. ID2, inhibitor of DNA binding 2; BATF3, basic leucine zipper transcription factor ATF-like 3; IRF, interferon-regulatory factor; Bcl6 or Bcl11a, B cell lymphoma
6 or 11a; Runx1, Runt related transcription factor; Rbpj, Recombination signal binding protein for immunoglobulin Kappa J Region; Klf4, Krueppel-like Factor; Mafb, MAF BZIP transcription factor B. From Murphy et
al, Annu Rev Immunol, 20167.

cytoplasmic liver antigens, possibly leading to inflammatory infiltrates in those areas. By
administering anti-IL-6 antibodies in vivo, we blocked IL-6 for multiple weeks and found
a simultaneous absence of Th17 cells (Thomas Koudstaal et al., unpublished data). Thus,
lack of IL-6 and Th17 did not reduce the liver inflammation. We were unable to demonstrate whether IFN-γ was responsible for the inflammation, which likely contributes
to the pathology as IFN-γ transgenic mice on a liver specific promoter (serum amyloid
P component) resembled our liver phenotype15. Evidence was obtained for an indispensable role for cDC1s in a Batf3-/- mice in a primary biliary cirrhosis model (Reuveni/
Zigmund, pers. commun.), which would support our findings of liver pathology in the
Tnfaip3DNGR1 model of activated cDC1s. Liver inflammation was previously demonstrated
in the context of multiorgan inflammation by Kool et al in the SLE-like phenotype16 and
by Xuan et al with CD11c-cre mediated deletion of Tnfaip317. Another group indepen-
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Figure 2: A summary of the Tnfaip3fl/fl and Cre-LoxP models (DNGR1-cre (red), CD11c-cre (brown) and LysMcre (Green) applied in this thesis, as well as the studied organs. Additional crosses onto other backgrounds
(Cd40lgKO, Il23KO and Il17raKO), which are described in the specific chapter blocks are indicated. “↑” means a
significant increase, “↓” means a significant decrease and “=” means no significant differences.

dently generated a similar Tnfaip3CD11c-KO mouse model that had an IBD phenotype18. We
confirmed that the Tnfaip3DNGR1-KO mice differed from these phenotypes, since we found
no intestinal or kidney inflammation. It is of note that cDC activation in the lungs of
Tnfaip3DNGR1-KO mice, could result in a pulmonary hypertension phenotype (Koudstaal et
al., manuscript submitted). Differences in phenotype between laboratories, using a similar Tnfaip3CD11c-KO model are likely caused by microbiome differences, although effects of
genetic background or minor differences in the targeting construct cannot be excluded.
How the microbiome affects genetic models deserves future attention, because they
can cloud the conclusions of genetic murine studies.

A20/Tnfaip3, myeloid cells and Th17-IL-23 axis in chronic diseases
Since the original discovery of the Th17 cell lineage in 200519, the Th17-IL-23 axis has
been a prime topic in autoimmune research. Arthritis, IBD and psoriasis are classic ex-
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amples with deregulations in this axis20. Other chronic diseases such as COPD or asthma
should deserve this attention too. Patients with severe asthma may have a neutrophilic
infiltrate21 and elevated serum IL-17 levels22 in comparison to moderate asthma patients.
In an HDM-driven mouse model of airway inflammation, our group demonstrated that
myeloid deficiency of A20 lead to a neutrophilic rather than an eosinophilic airway
infiltrate23. Since IL-17 levels coordinate neutrophil chemoattractants such as CXCL1
from airway epithelial cells24, we hypothesized that HDM-induced neutrophil airway
inflammation would be reduced in Tnfaip3LysM-KO mice when crossed onto an Il17raKO
background (Figure 2). Surprisingly, this did not seem to be the case (Chapter 4).
An equal extent of neutrophilic airway infiltration was seen in the broncho-alveolar
lavage (BAL) fluid in HDM-exposed Il17raWT and Il17raKO Tnfaip3LysM-KO mice. Although
IL-17Ra-signaling was absent, chemokines such as CXCL1, CXCL2 and CXCL12 were still
formed, possibly due to high unaltered levels of IL-1β and IL-6. The clinical relevance of
A20 in asthma patients was recently highlighted by reports of reduced TNFAIP3 mRNA
and protein levels, isolated from PBMCs from asthmatic children compared to healthy
controls25. DCs also showed a non-significant reduction of TNFAIP3 mRNA levels in
asthmatic children25.
Increased numbers of Th17 cells were present in spleens and inguinal lymph nodes of
Tnfaip3LysM-KO mice26 and these mice were originally demonstrated to have paw inflammation resembling arthritis. Although the arthritis was independent of T or B cells26,
myeloid cells such as monocytes27 or neutrophils28 can also produce IL-17. We thus
wanted to examine the role of IL-17Rα signaling on arthritis. Surprisingly, despite having
no IL-17Rα-signaling, there was equal paw inflammation in Tnfaip3LysM-KOIl17raKO mice
(Supplementary Figure Chapter 4, Figure 2), which was explained in a subsequent
paper by evidence that IL-1β is the responsible cytokine29. A novel function for A20 was
deciphered: it regulates the inflammasome NLRP3 and secondary IL-1β release from
myeloid cells29. The effect of A20 on the inflammasome was confirmed in a few families
around the world that had a loss-of-function mutation in A20. These patients have a rare
disease called “A20 Haploinsufficiency”30 and their PBMCs have elevated inflammasome
activation, NLRP3 and IL-1β protein and mRNA production30, 31. Phenotypes ranged from
autoinflammatory diseases such as Behςets disease30 to autoimmune disorders32.
In the same Tnfaip3LysM-KO mouse, another role of A20 was discovered: A20-deficiency
in IFN-γ-stimulated bone marrow derived macrophages (BM-DM), resulted in higher
STAT1 mRNA transcription in comparison to STAT3 mRNA transcription, indicating that
A20 may regulate STAT gene transcription ratios33. Understanding the potent molecular
functions of A20 is still of high interest, illustrated by two recent papers that studied the
functional domains of A20. The Zinc Finger (ZF) 7 domain was most important to prevent
a spontaneous autoimmune psoriatic-arthritis/like phenotype34, 35, whereas abrogating the ZF4 or OTU domain of A20 surprisingly did not reveal any phenotype36, 37. The
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psoriatic-arthritis like symptoms were dependent on T cells, IL-17 and TNFα35. Although
DC co-stimulatory molecules were not assessed (except for MHC-II), this does suggest
their involvement to activate the adaptive immune system.
In vitro, it was shown that A20-deficient BM-DCs16, produce high levels of IL-23 and IL-6
(Vroman et al23 and this thesis, Chapter 6), and could elicit IL-17 production from naïve
T cells. We wondered whether in vivo Th17 cells could be reduced, and consecutive B
cell activation as well, since Th17 cells can stimulate immunoglobulin production38. We
thus crossed Tnfaip3CD11c-KO mice to Il23KO mice and analyzed the resulting phenotype
(Chapter 7, Figure 2). We surprisingly did not see a reduction of Th17 cells or IL-17+
CD4+ T-cells in the spleen when we abrogated IL-23 in Tnfaip3CD11c-KO mice. This corresponds with the literature that IL-23 is mostly important for maintenance of Th17 cells
and inducing its pathogenicity, but that IL-6 and TGF-β cause Th17 cell induction39. Since
Th17 cells influence plasma cell class switch by cytokines38, we also assessed serum immunoglobulins. We found no differences in Tnfaip3CD11c-KO mice concerning serum IgM,
IgG2b, IgG2c or IgG3 in absence of IL-23. IgA which was elevated in Tnfaip3CD11c-KO mice
was lowered in Tnfaip3CD11c-KOIl23KO mice. The increase of total IgG1 levels in the serum
of Tnfaip3CD11c-KO mice was independent of IL-23, nor was the amount of autoreactive
IgG1 and kidney glomerulonephritis. We therefore concluded that the SLE-phenotype
in Tnfaip3CD11c-KO mice acts independently from the IL-23/Th17 axis. These findings are in
contrast to studies that show a crucial role of IL-23 in other SLE models, such as the lupus
prone MRL.Faslpr mice40, 41. Therefore, distinct immunological mechanisms may lead to
a similar SLE phenotype: in the lpr mice there is a greater dependency on the Th17/
IL-23 axis. In our model, future studies to identify the primary responsible cytokine may
include blocking IL-6, TNF-α or IFN-γ since these were elevated in Tnfaip3CD11c-KO mice in
vivo16-18.

A20/Tnfaip3 and direct activation of B cells by DCs, independently
from T cells
The most classic route of adaptive immune cell activation is by antigen presenting cells
(APCs), via T cells, which in turn activate B cells. However, a direct interaction between
APCs and B cells is also described42, whereby DCs are shown to interact directly with B
cells and present antigen to them43. Our group was able to demonstrate in vitro that
BM-DCs from Tnfaip3CD11c-KO mice in combination with only naïve B cells, stimulated plasmablast and plasma cell formation leading to IgA and IgG1 release16. Interestingly, characteristic T cell independent activators of plasma cells such as BAFF and APRIL44, were
not necessary in this in vitro activation of plasma cells16. Only IL-6 was found to stimulate
IgA release16. Using mRNA sequencing, we compared Tnfaip3KO, Tnfaip3HZ and Tnfaip3WT
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BM-DCs23 for a comprehensive genome-wide identification of differentially transcribed
genes including candidate factors that may orchestrated B cell activation by DCs (chapter 6). However, even by gene-set enrichment analysis (GSEA), we did not find new
targets except IL-6, IL-1α and IL-1β. Factors such as BAFF and APRIL were not significantly
differentially expressed in our analysis. We proceeded to analyze whether activated DCs
in Tnfaip3CD11c-KO mice could also activate B cells in vivo and could direct class-switched
plasma cells without T cell help by crossing these mice onto a Cd40lgKO background
(Chapter 6, Figure 2). GC B cells are dependent on CD40 ligand interaction45. However,
while Tnfaip3CD11c-KOCd40lgKO displayed a detectable elevation of GC-like B cells on flow
cytometry in comparison to Cd40lgKO mice, GC structures containing these cells could not
be visualized using immunohistochemistry (Chapter 6). These findings indicating that
these GC-like B cells were most likely activated B cells, rather than true GC B cells. While
some studies provided evidence that GC B cells can be formed without T cell help46, 47,
these were short-lived GC B cells that did not allow the immunoglobulin variable regions
to undergo somatic hypermutation. Interestingly, despite having no regular GC B cells,
we did see equal number of plasma cells in double KO mice, compared to Tnfaip3CD11c-KO
mice, suggesting that extrafollicular B cell activation was likely responsible for plasma
cell formation. Within lupus models, the short-lived plasmablasts are the main source of
autoantibodies48, 49, which derive from extrafollicular loci instead of long-lived plasma
cells that originate from germinal centers. In these extrafollicular loci, DCs are in close
proximity to autoantibody-positive B cells and are thought to provide survival signals to
them49. In accordance, it has been reported that constitutive DC depletion in MRL.Faslpr
mice reduced plasma blast numbers, autoantibodies and glomerulonephritis50. Interestingly, despite the absence of T-B cell communication, IgG formation or glomerular IgG
deposition, we still found glomerulonephritis in Cd40lgKOTnfaip3CD11c-KO mice. Possibly,
autoreactive IgA contributed to the basement membrane thickening, as IgA depositions were detected in ~40% of the double KO mice. This knowledge is valuable, since
therapies that inhibit T-B cell communication in patients with SLE, may not be sufficient
to prevent end-stage renal disease.

A20/Tnfaip3, DCs and B-cell development in the bone marrow
The function of DCs in the lymph nodes, the splenic compartment and mucosa are
pronounced and well-studied, but what could the roles of DCs be in the bone marrow
(BM)? BM-resident DCs have been identified and are known to resemble cDC2s, but simultaneously differ from splenic cDC2s in their chemokines and chemokine receptors51.
They are thought to provide survival signals to mature B cells in the BM52. Could DCs that
are resident in the BM influence the BM environment and thereby also affect developing
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B cells or play a role in their development? And what will be the effects of DCs in the BM
on the functionality of developing B cells later in their life once they have left the BM?
We specifically asked these questions, because we found reduced numbers of mature B
cells in the spleen, but also in BM of 24-week-old Tnfaip3CD11c-KO mice.
In young 6-week-old mice we therefore analyzed the different stages of B cell development in BM and found a disorder around the small pre-B cell stage in Chapter 5 (Figure
2). Using an in vitro co-culture with IL-7, we identified that the CD19negative BM fraction
from Tnfaip3CD11c-KO mice could negatively influence development of B cells that were
derived from both WT or from Tnfaip3CD11c-KO mice. This implies that there is a non-cell intrinsic defect in B cell differentiation in these mice. Using several washing steps, we also
hypothesize that cytokines are not likely responsible for defects in B cell differentiation.
We however cannot exclude that during the in vitro study, new cytokines were produced
that hampered B cell development. Future experiments may be conducted to explore
the presence of any elevated inhibitory cytokines in such IL-7-driven co-cultures, including IFN α/β/γ, IL-1 α/β, IL-4 or TGF-β, or stromal cell chemokines such as CXCL1253 that
are known to influence B cell development. It is attractive to speculate that local DCs in
the BM of Tnfaip3CD11c-KO mice have critical effects on B cell differentiation in the BM. It
would be informative to assess activation markers and cytokines on BM-resident DCs in
Tnfaip3CD11c-KO mice.
Since BM is a compartment that is difficult to access in humans, relatively little is known
about possible defects in B cell development in autoimmune patients. A small cohort of
SLE patients, however, revealed reduced BM CD20+ B cells54, which may parallel our findings of reduced mature B cells in the BM of Tnfaip3CD11c-KO mice. Unstimulated peripheral
B cells from MS patients and stimulated B cells from SLE patients had elevated CD80/
CD86 expression in comparison to healthy donor B cells55, 56. This also corresponds to our
in vitro findings in Chapter 5 where peripheral mature B cells from Tnfaip3CD11c-KO mice
expressed higher levels of CD80/CD86 on different stimuli. In an SLE cohort, it was found
that more apoptotic cells were present in the BM, together with elevated numbers of T
cells, macrophages and pDCs, thus reflecting a more pro-inflammatory environment54.
Signs of a type 1 IFN-rich environment in the BM of SLE patients have been found57 and
it was recently shown that transitional B cells in SLE patients indeed have a type 1, and
also a type 2 IFN-stimulated signature derived from the BM environment58. All in all,
understanding of abnormal BM and B cell development in SLE patients may contribute
to knowledge that is important for the future development of new therapies for this
autoimmune disease.
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Conclusions and future directions
Immune cell activation may tip the balance from tolerance to autoimmunity. In all our
murine studies we deleted A20/TNFAIP3, a negative regulator of NF-ĸB signaling, to lean
different immune cells towards activation (Figure 2). How relevant is A20 deficiency
in humans? Besides a very rare disorder, haploinsufficiency of A20 (HA20)30, it is more
reasonable that subtle defects in A20 expression levels or its induction is affected than
general A20 deficiency. One TNFAIP3 missense mutation near the OTU domain with the
most subtle effect on function (T108A/I207L), was seen in Australian families from Maori
ancestry59. The allele variation was also identified in Denovisan archaic human species,
but not present in Neanderthals, which lived in the same Siberian cave, suggesting that
this allele arose after Denovisan and Neanderthal lineage divergence more than 170,000
years ago59. What could be the advantage of this allele? A heightened immune response
with e.g. release of TNF-α or CXCL2 could be seen in stimulated PBMCs from these
families versus controls. Using a humanized mouse model with CRISPR-Cas9 genome
editing, the authors elegantly demonstrate that the T108A/I207L mutation increases
survival by 1.8x in male mice compared to WT mice when exposed to coxsackie virus
infection59. Mice with more severe missense mutations, one of which was based on the
HA20 phenotype in humans30, never died of this coxsackie virus infection. But this came
at a price: a range of subclinical spontaneous tissue inflammation was detectable in one
variation, whereas fatal intestinal inflammation was seen in another. Thus, protection
from foreign invaders may be more efficient, at the price of suffering from responses e.g.
to microbes that should be tolerated.
One of A20’s functions is thus to create a balanced immune system, which is primarily important in DCs. We were most interested to study the role of A20/Tnfaip3 in DCs.
Given the division of labor it is important to study DC subsets specifically, and not as a
whole population. We have made a first step using the DNGR1-cre model to decipher
the role of A20/Tnfaip3-depletion primarily in the cDC1 subset. However, more specific
cre models such as the XCR1-cre or Karma-cre can be used in future experiments to
ablate A20 in only cDC1s, since the DNGR1-cre model also targets a proportion cDC2s
and moDCs. When translating findings from murine studies to patients, it is crucial to
consider this subdivision of DCs. Although human DCs have been properly classified60,
to date only a few studies on cDC changes in autoimmune patients have been reported.
The Tnfaip3CD11c-KO model demonstrated the consequence of active DCs, but it raised
several more questions. When we crossed Tnfaip3CD11c-KO mice to Cd40lgKO mice, we saw
no class switched IgG, but we did find autoreactive IgA and also IgA depositions in the
kidneys. Two clinical diseases are known with similar findings: X-linked Hyper-IgM syndrome patients lack CD40LG and therefore have drastically reduced class-switched immunoglobulins, including reduced levels of IgA61. IgA nephropathy is characterized by a
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dominance of IgA that leads to deposition in the kidney glomeruli, in contrast to IgG62.
Although the pathogenesis of these two disorders is different, it appears that they may
merge in our Cd40lgKOTnfaip3CD11c-KO mice, because we did find IgA depositions in the kidney glomeruli without IgG immunoglobulins present. There are case reports available
of IgA nephropathy and SLE occurring in the same patients62, 63. Several clinical trials are
currently performed with anti-CD40L or anti-CD40 biologicals in SLE64, whereby clinical
activity scores are improved over placebo controls that also include kidney function
parameters. Our findings, however, suggest that in a diseased state with activated DCs,
such inhibitors may still result in unexpected outcomes of kidney glomerulonephritis.
The Th17-IL23-axis was contra intuitively not of importance in our model of Tnfaip3deficiency in DCs and other myeloid cells, concerning endpoints of kidney glomerulonephritis (Chapter 7, Figure 2), paw inflammation and neutrophilic airway inflammation
(Chapter 4, Figure 2). Ustekinumab, the biological anti-p40 subunit against both
IL-23 and IL-12 has been approved for diseases such as Crohn’s disease, psoriasis and
psoriatic arthritis. It is still under investigation for SLE, although promising results have
been reported65. Ustekinumab does not seem to be effective in RA66. There are no ongoing clinical trials in asthma, which reflects our findings of similar neutrophilic airway
inflammation with or without IL-17RA-signaling in a HDM-induced airway inflammation
model in Tnfaip3LysM-KO mice. It has been demonstrated in one case study, however, that
Ustekinumab also relieved an asthmatic patient of her chronic airway medication, while
she was treated for psoriasis67, suggesting that Th17 responses could be underlying
asthma pathogenesis in some patients. Further investigations are needed to characterize
the group of asthma patients that may benefit from IL-17 blockade, before ustekinumab
may be tested in clinical trials for a subgroup of therapeutically refractive patients.
In conclusion, our studies have shown that activated DCs lie at the initiation phase of
the autoimmune response, with extensive secondary consequences. Blocking an intermediate cytokine sometimes may not inhibit a primary endpoint such as kidney glomerulonephritis, because activated DCs can activate multiple cells prior to the release of
the cytokine in question. Future autoimmunity treatments could be focused on inhibiting NF-κB activation. However, these treatment strategies need to be designed carefully
as they might reduce acute inflammation, while causing long-lasting side effects. For
example, interference with NF-κB in enterocytes prevented systemic inflammation in an
intestinal-ischemia reperfusion model, but led to apoptotic mucosal damage as well68,
since NF-κB acts as an anti-apoptotic factor. For that reason, NF-κB blockade has already
been an attractive candidate in cancer therapy NF-κB69. While IKK inhibitors pose toxicity issues, a lot of research is conducted to pharmacologically modulate ubiquitination
and degradation of NF-κB components69, thus nearing the functions of A20. Another
therapeutic option in accordance to our findings, would be to treat autoimmunity with
tolerogenic DCs. To date, two studies with the induction of tolerogenic DCs with an
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AMPK activator and an AhR antagonist showed promising results in SLE70. Perhaps the
induction of tolerogenic-DCs holds a future in the treatment or prevention of autoimmune diseases, and should thus be investigated.
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