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7.0 Discussion and Summary.

Most immunologists would probably agree that a lot of the remaining unsolved 
problems in immunology relate, in one way or another, to the question of tolerance 
and the regulation of immune responses. Although much progress had been made 
in understanding the initiation of an immune response, our insight into how this 
is subsequently turned off or regulated is still emerging.  Traditionally, tolerance 
has been defined as a state of unresponsiveness to a particular antigen or insult. 
However in recent years this paradigm has been shifting to the appreciation that 
tolerance is an active process, and many mechanisms are in place to induce, and 
also maintain tolerance to self or innocuous antigens.  

7.1 DCs take centre stage in the maintenance of immune regulation.

DCs arise from the CD34+ cell compartment within the bone marrow. Myeloid 
progenitor cells can differentiate to immature DCs circulating in the blood 
or can migrate into the other tissues e.g. kidney to become interstitial DCs. 
Collectively these cells are broadly referred to as mDCs1,2. In addition, CD14+ 
monocytes have been shown to be an important source of DC precursors during 
periods of physiological stress or injury3,4. Several studies have demonstrated 
that mDCs, under certain conditions, can promote tolerance and regulatory T 
cell induction5,6. The problem lies in identifying when and how to differentiate 
between immunogenic and tolerogenic populations. Extensive evidence from 
both mouse and human DC studies is that the lineage or origin of a DC is 
unlikely to determine whether an immunogenic or regulatory T cell response 
occurs. Furthermore, DCs are highly plastic and have been evolutionarily 
tailored to be responsive to their surroundings. It is more likely therefore, that 
the activation state and the site or tissue of action plays a more important role in 
determining immunity versus tolerance7,8. This becomes particularly important 
when one considers organ transplantation. DCs are found in virtually all organs 
and are therefore an important “passenger” cell population. Kidneys are the most 
frequently transplanted organ and resident DCs are a very important constituent 
involved in initiating the direct pathway of allo-recognition in transplantation, 
in addition to playing a central role in the innate immune response following 
injurious stimuli to the organ. Our knowledge into the local regulation of this 
DC population is remarkably finite, but promising data has suggested that in-
vivo mobilised renal DCs have the potential to prolong allograft survival9 thereby 
warranting further investigation into understanding renal DCs biology and how 
the local renal network could generate and maintain such a potent regulatory 
population.
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A major caveat in DC biology is that we currently do not have sufficient tools 
to discriminate between regulatory and immunogenic DCs in vivo. The only 
apparent success to date has been with the discrimination between mDCs and 
plasmacytoid DCs (pDCs). This is due to the clear expression of BDCA-210 and 
the IL-3R11,12 by pDCs and their strong IFNα signature upon activation. In this 
respect understanding the full cytokine repertoire of mDCs may prove to be very 
beneficial in establishing such a regime for discriminating between immunogenic 
and tolerogenic myeloid DC populations in vivo. In previous years one may have 
suggested the comparison between immature DCs with mature DCs as a model of 
tolerogenic and immunogenic DCs respectively. However more recent data has 
accrued showing that the maturation status alone, as currently defined at least, 
is inadequate for differentiating between an immunogenic versus a regulatory 
DC5,6,13. In light of the avid interest of many groups pursuing in-vitro generated 
tolerogenic DCs for therapeutic use in autoimmunity14,15 and transplantation16,17, 
these cells can provide a useful tool to investigate unexplored diverging functional 
characteristics between immunogenic and tolerogenic DCs. Furthermore, current 
clinical approaches for the treatment of inflammation mostly focus on the 
inhibition of pro-inflammatory responses. Cell-mediated therapy has significant 
potential to provide nontoxic and highly specific treatments for autoimmunity 
and transplantation. Deeper understanding into the mechanisms of how immune 
regulation is maintained may provide new targets in the treatment of chronic 
inflammation. 
To address these issues we focussed on investigating the production and regulation 
of soluble factors secreted by DCs and tolerogenic DCs. In this thesis (chapter 
2, 3) we explored the regulation and expression of IL-12 family members in DCs 
and describe the production of a potent regulatory cytokine, IL-35 by tolerogenic 
DCs. We demonstrated that uptake of apoptotic DCs by DCs profoundly affected 
the transcription regulation of the IL-12/IL-35 axis. We addressed an important 
question; which is that tolerogenic DCs are efficient at ingesting apoptotic material 
and that their regulatory cytokine prolife is maintained even when challenged 
with necrotic material. We identified a unique role for IFN family members and 
IL-27 in the regulation of the balance between fP and fH production (chapter 4), 
which provides new targets for investigation in DC biology. In (chapter 5), we 
described the expression of a regulatory protein, Ebi3 within non-haematopoietic 
cells of the kidney. Finally, the effects of culturing DCs in the presence of renal 
fibroblasts are demonstrated (chapter 6) which provides new insights into how 
the local stromal network within the kidney may dictate the development of DCs 
with a distinct regulatory phenotype.



General Discussion   •   135

   7

7.2 The IL-12 family in immune-regulation.

The IL-12 family has been the subject of intense investigation in recent years 
and together its members are increasingly viewed as being key players in the 
regulation of immunity and immunological tolerance. In many aspects the IL-
12 family perfectly illustrates the grander balance on-going within the entire 
immune system, with IL-12 and IL-23 representing the immunogenic arm, and 
IL-27 and IL-35 representing immune regulation. Whereas IL-12 and IL-23 can 
induce and maintain the generation of inflammatory Th1 and Th17 cells, IL-27 
and IL-35 can induce Tr1 and iTr35 subsets of regulatory T cells18,19. Of the two 
regulatory cytokines, unquestionably more data has been generated with regard 
to IL-27 compared to IL-35. Several studies have demonstrated a direct role for 
IL-27 in the inhibition of Th17 commitment20,21. Additionally IL-27 can suppress 
immune responses indirectly. For example, IL-27 promotes the generation of 
CD39 expressing regulatory DCs which in turn can down-regulate innate immune 
NALP3 inflammasome activation22. This will lead to diminished availability of 
caspase cleaved cytokines, IL-1β and IL-18, and thereby potentially alleviate 
the induction of Th1 and Th17 populations. This epitomises the far reaching 
capabilities of the IL-12 family members in regulating immune responses, 
and demonstrates the importance of the knowledge that can be gained from 
fully understanding the regulation, expression and function of all its members, 
particularly the most recently identified, anti-inflammatory member, IL-35.
Unlike IL-12, IL-23 and IL-27, production of IL-35 has not been demonstrated 
in APCs. However in light of the expression of all chains by DCs, one could 
speculate that these cells may produce this potent anti-inflammatory cytokine. Our 
work focused on tolerogenic DCs generated in the presence of dexamethasone. 
Over the last decade a consensus has developed that tolerogenic DCs should 
lack IL-1217. We and others have shown that DCs generated in the presence of 
dexamethasone fulfil this requirement23,24, but for the first time we have identified 
that these cells maintained, and had elevated transcriptional levels of IL27B 
and IL12A, together making the potent regulatory cytokine IL-35 (chapter 
2). Notably, it appeared that this cytokine was not constitutively produced by 
tolDCs, but was inducible upon challenge with TLR agonists, CD40L and most 
strikingly, IFNγ. Considering that Ebi3 is part of IL-27 and IL-35 and that the 
tolDC we generated were completely devoid of IL-12p40, we silenced IL-12p35 
as a means of silencing IL-35 and found that tolDCs required IL-35 to elicit 
their full tolerogenic potential. This opens up an exciting opportunity to study the 
expression of IL-35 in other regulatory APCs including type II anti-inflammatory 
macrophages and myeloid derived suppressor cells. Although limited to murine 
data it has been shown that intracellular Ebi3 expression can block LPS induced 
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M1 to M2 transition and IL-12p70 production25. We have also observed elevated 
basal Ebi3 levels in M-CSF generated human M2 compared to GM-CSF generated 
M1 macrophages (Fig.1, unpublished data), although this difference normalised 
upon activation. Therefore, it would be interesting to extrapolate on the possible 
role of Ebi3 in maintaining the regulatory functions of M2 macrophages.

 Figure 1: IL27B expression in M1 and M2 macrophages. 

Advances in our understanding of the role of cytokines in inflammatory diseases 
has led to a growing field of cytokine driven therapies aimed to either block or 
restore the activity of a particular cytokine. We have seen through the use of 
Anakinra26,27, Etanercept28,29 and recombinant IFNα30 and IFNβ31,32 that cytokine 
based therapies have proven successful. However, one of the major pitfalls with 
cytokine therapy, and what has laboured progress, is that in healthy individuals 
there is equilibrium between inflammatory and regulatory cytokines. This balance 
becomes disturbed in chronic inflammatory states, such as autoimmunity and 
transplant rejection. However the required action to restore balance is not to just 
simply block inflammatory cytokines or treat systemically with anti-inflammatory 
cytokines. For the latter it is difficult to determine how much and what cocktail of 
anti-inflammatory cytokines to administer. Additionally, giving too much could 
render an individual susceptible to viral and bacterial infection and may even 
promote the development of tumour growth.
Ideally one would not want systemic suppression, but rather specific regulation 
directed against the offending antigen at the level of the affected organ or tissue. 
In this way tolDCs would be the ideal vehicle, not only have they the ability to 
directly suppress and induce antigen specific regulatory T cells, but the inducible 
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production of regulatory cytokines e.g. IL-10, IL-35, would infer tolDCs with a 
second wave of immunosuppressive potential e.g. through the action of regulatory 
T cells. IL-35 has already been proven to be a broad regulatory cytokine with 
the ability to promote tolerance and immune suppression in an array of disease 
models (Table I). 

Table I: In-vivo studies evaluating the effect of IL-35 induction in disease 
settings

Although some studies have directly utilised rIL-3535 or induced local ectopic 
expression33, successful suppression has also been obtained by transferring iTr35 
cells36. As of yet, no data has been generated using tolDCs expressing IL-35, 
however Ebi3 expression in tolerised DCs has been implicated as a key mediator 
of allograft acceptance39. In this study the authors could not identify expression of 
either IL-27p28 or IL-12p35 but considering the powerful regulatory potential of 
IL-35, it would be of significant interest to investigate the role of IL-35 expressing 
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tolDCs in such disease settings.  

7.3 Role of apoptotic cell clearance in the regulation of immune responses.
 
When one considers DC activation, the first idea that comes to mind is activation 
in response to invading pathogens and viruses. The general conjecture is that 
under steady state conditions, DCs are quiet sentinels, and that introduction of 
microbial products is required to evoke a response. However this simplified theory 
does not fully address the role and function of DCs under normal physiological 
conditions. In the body, cell death and turnover is an inevitable process and is 
essential to preserve normal homeostasis throughout all our tissues. 
Extensive literature has shown that apoptosis is a controlled physiologic process 
resulting in the generation of  “eat me” signals designed to promote efficient 
uptake of apoptotic cells by phagocytes during the early stage of cell death, 
thereby preventing the release of potentially immunogenic intracellular contents40. 
This so termed `silent removal` of apoptotic cells is well acknowledged, however 
there is an increasing body of evidence that apoptotic cell clearance is not just an 
immunologically inert event41-43, and that active processes must be taking place 
in order to preserve immune tolerance to self and innocuous antigens44-47. In line 
with this, some studies have observed that uptake of apoptotic cells of different 
origins to the ingesting APC (i.e neutrophils, T cells etc) can inhibit up-regulation 
of co-stimulatory molecules on APCs upon subsequent LPS challenge48. In 
addition, murine studies have suggested that uptake of apoptotic cells, by DCs 
leads to up-regulation of TGF-β49. Until recently the only member of the IL-12 
family to be investigated upon apoptotic cell uptake was IL-12. There have been 
conflicting reports about the regulation of IL-12 upon apoptotic cell ingestion 
however the greater body of literature points to decreased IL-12 production upon 
ingestion of apoptotic material. We explored the regulation of IL-12 compared to 
IL-27 and IL-35 and demonstrated (chapter 3) that uptake of apoptotic cells by 
viable DC, in the absence of any exogenous stimuli, led to enhanced transcription 
of IL27B and IL12A. 
As we have mentioned, Ebi3 can also dimerise with IL-27p28 to yield IL-27, 
and an interesting study demonstrated that uptake of apoptotic tumour cells 
by DCs led to IL27B upregulation and IL-27 production50. While we did not 
observe upregulation of IL27A in our study it is intriguing that Ebi3 was up-
regulated in both studies, and notably remained unaffected by necrotic cell uptake 
in our study. An additional hypothesis is that uptake of DCs by DCs51,52 is the 
key determinant for the profound regulatory changes we observed (chapter 3). 
Work by Martin and colleagues has generated some interesting findings that cells 
undergoing apoptosis are capable of producing cytokines and chemokines which 
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they suggest influences the response of the ingesting phagocyte53. The cytokine 
profile of apoptotic cells of diverse lineages has not yet been fully elucidated. 
However, one could imagine that DCs would be particularly adept at secreting 
potent immune mediators that may specifically tailor the immune response in an 
immunogenic or tolerogenic fashion. 
It would be of interest to fully investigate the mechanism of Ebi3 upregulation 
in our experimental setup and to additionally dissect whether pre-stimulated 
apoptotic cells would infer an even better regulatory response. Of course this 
will likely depend on the stimulus used but, based on our findings throughout the 
thesis, IFNγ could be an interesting target.

7.4 IFNγ and immune regulation.

IFNγ is a remarkable cytokine that orchestrates many distinct and complex 
networks through its transcriptional control over large numbers of genes54. Initially 
termed macrophage activating factor (MAF), IFNγ is more often expected to be an 
inflammatory molecule. However, in recent years IFNγ has proven to exert many 
regulatory functions, including the potent upregulation of B7H155 and IDO56. 
Though paradoxical to many, in a study mentioned earlier, Cuturi and colleagues 
demonstrated up to 3 fold higher levels of IFNγ in allograft tolerised rats39. In 
this study the authors investigated the use of autologous DCs as a tolerance 
inducing strategy and found a novel role for Ebi3 in transplant tolerance, whereby 
blockade of Ebi3 resulted in allograft rejection. Notably blockade of Ebi3 also 
resulted in ablation of IFNγ production, indicating a surprising link between 
these two molecules in the induction of allograft tolerance, which is noteworthy 
considering our findings with IFNγ induction of Ebi3 in tolDCs (chapter 2). In 
fact more and more evidence is gathering that IFNγ is an important mediator of 
tolerance induction in both cell and organ transplantation, and in autoimmunity.  
The immuno-modulatory activity of MSCs has been shown to be significantly 
augmented when the cells were first primed with IFNγ57. This presumably depends 
on the duration and concentration of IFNγ. Based on our findings (chapter 2) 
IFNγ treatment would also seem like a potentially useful conditioning strategy 
for tolDCs. We demonstrated that tolDCs expressed high levels of the IFNγ R 
and had higher basal levels of total STAT1 (chapter 4). Additionally it has been 
determined that the promoter region of Ebi3 has a high number of binding sites 
for IRF-158. Together this resulted in a strong and sustained response upon IFNγ 
treatment and yielded many regulatory features including upregulation of co-
inhibitory molecules B7H1 and B7DC and regulatory IL-12 family members IL-
12p35 and Ebi3 (chapter 2).
We demonstrated an additional novel regulatory role for IFNγ in complement 
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regulation (chapter 4). fH and fP are at opposite poles in terms of complement 
regulation with fH being an important negative regulator and fP being the only 
know positive regulator within the entire system. Surprisingly, IFNγ played a 
dual role, with the ability to markedly reduce fP secretion while simultaneously 
increasing fH. As such IFNγ appears to support complement regulation as 
opposed to activation. The combined efforts of DCs and complement in T cell 
activation has recently gained interest with the studies by Heeger and colleagues 
which demonstrated that DCs and T cells secrete complement proteins, express 
C3aR, C5aR and complement regulators on their surfaces59,60. The authors further 
demonstrated that locally produced C3a and C5a influences the strength and 
phenotype of T cell responses. In our work we have shown that DCs produce 
both fP and fH and thereby also possess the tools to potentially regulate the local 
complement activity when encountering T cells. Using RNA interference we 
found that inhibition of fP diminished the allostimulatory capacity of DCs. A 
combination of siRNA directed against fP and IFNγ stimulation, acting as a natural 
inhibitor of fP, resulted in an even more pronounced reduction in allostimulatory 
capabilities. Conversely interference of fH led to enhanced T cell activation by 
DCs thereby demonstrating that the active production of complement regulators 
by DCs does influence T cell activation and cytokine production. This has the 
potential to open up many exciting avenues of research. Information regarding 
the role of local complement synthesis by DCs in determining T helper cell 
skewing is virtually unknown. One could speculate that management of the two 
key regulators of complement activity by IFNγ could serve as a negative feedback 
loop to control cellular immune activation. In view of the established role of 
complement activation in lowering the threshold of B cell activation one may also 
question the contribution of local complement activity, or its absence, in lowering 
or elevating the threshold of naive T cell activation by DCs. Considering the 
many functions of IFNγ in DC activation it will prove difficult to address these 
specific questions in-vitro, but use of IFNγ-/- and IFNγ R-/- mice and BMDCs 
could prove useful.

7.5 Involvement of local tissues in DC regulation.  

As mentioned earlier it is not yet fully clear whether regulatory DCs in vivo 
represent a terminally differentiated DC phenotype, or reflect a transient 
state subject to changes within distinct tissue microenvironments. There is an 
increasing body of evidence to strongly support the latter hypothesis whereby 
several studies focusing on stromal or mesenchymal stem cells61-63 derived from 
various tissues, have been shown to modulate DC function. DC differentiation in 
the presence of tissue-dependent microenvironment leads to a more regulatory 
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cell population with lower expression of co-stimulatory molecules and poor 
induction of T cell proliferation. This process has been described for several 
organs64,65 including the bone marrow, lung66, thymus and intestine67. More 
recently the presence of kidney derived MSC like cells has been identified in 
mouse68. It has been suggested that renal fibroblasts may be a stromal lineage of 
kidney MSCs, thereby warranting further investigation into their immunological 
contribution. We demonstrated (chapter 6) that culture of monocyte derived DCs 
in the presence of renal fibroblasts led to the generation of a more regulatory DC 
population with diminished co-stimulatory molecules and enhanced expression of 
co-inhibitory molecules B7H1 and B7DC. Notably IL-12 was markedly reduced 
in this cell population while IL-23 and IL-27 remained largely unaffected. 
Together this resulted in a DC population with a significantly impaired ability to 
induce IFNγ production in allostimulated T cells. Although the ontogeny of renal 
DCs remains unknown, it is likely that under steady state conditions renal DCs 
do not arise from monocytes69,70. However during periods of stress or injury it is 
widely thought that monocytes function as tissue infiltrating DCs3,4,71-73, thereby 
calling for a deeper understanding of how the local tissue network can influence 
and modulate the development of DCs. In line with some studies investigating 
the mechanisms of stromal cells and DC regulation, we found that IL-6 was at 
least partially responsible for the modulating effect of renal fibroblasts on DC 
generation and subsequent function. The cytokine IL-6 is highly pleiotropic 
possessing both pro74,75 and anti-inflammatory76,77 properties.  Only recently a 
possible explanation for these discrepancies has come to light. All IL-6 family 
members signal via the beta receptor gp130. In addition some members also need 
to bind to a non-signalling alpha receptor in order to facilitate signal transduction. 
In the case of IL-6 this alpha receptor is IL-6R. While gp130 is ubiquitously 
expressed on most cells in the body, expression of the IL-6R is more finite. Cells 
which express both IL-6R and gp130 respond to IL-6 via “classic signalling”. In 
contrast cells which do not typically express the IL-6R may still respond to IL-6 
by engaging with a soluble IL-6 receptor and function via “trans-signalling”78,79.
It is thought that responsiveness to IL-6 via “classic” signalling exerts anti-
inflammatory functions whereas “trans-signalling” exerts pro-inflammatory 
functions. Still there are some caveats with this theory as addition of exogenous 
IL-6R has been shown to further enhance the regulatory potential of dermal 
fibroblast derived IL-6 on human monocyte-derived DCs62. 
We investigated how healthy renal fibroblasts regulate DC generation. One could 
question what happens in organs undergoing chronic inflammation. Considering 
the central location of fibroblasts within the kidney it is reasonable to postulate 
that these cells themselves are functionally affected in periods of inflammation or 
upon injury. This is likely to impair their ability to regulate local and infiltrating 
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DC populations, thereby potentially exacerbating the inflammatory response. 
Little is known about the expression and responsiveness of renal fibroblast to 
DAMPs but research into this field could prove invaluable in fully understanding 
local DC responses. With a view to expand our knowledge on the immunological 
contribution of the kidney we investigated the expression of IL-12 family 
members within normal human kidney (chapter 5). Unlike other subunits of the 
IL-12 family whose expression is largely restricted to haematopoietic cells, Ebi3 
expression has been demonstrated in placental synctiotrophoblasts80, endothelial 
cells, intestinal mucosa81,82 and aortic smooth muscle cells83. We observed a 
surprisingly abundant expression of Ebi3 within the glomeruli of normal kidney, 
and in distal tubuli. We could confirm the expression of IL27B transcripts within 
the glomeruli, but further work will be needed to establish whether the tubular 
cells are actively producing Ebi3 or are possibly endocytosing the protein from 
the lumen. We provided strong indications that podocytes were the source of Ebi3 
in the kidney and observed a marked reduction in IL27B expression during acute 
allograft rejection. Ebi3 is known to have two isoforms and aside from IL-27p28 
and IL-12p35, Ebi3 can interact with Calnexin84, Golgi SNAP receptor complex 
member 185, MyoD family inhibitor, and SMAD family member 386. It remains 
to be seen whether Ebi3 expressed within human kidney is functioning as a 
cytokine, or if it is remaining as an intracellular molecule and interacting with the 
aforementioned proteins. Additionally, the possibility that Ebi3 is functioning as a 
homodimer cannot be excluded. Nevertheless is it intriguing that Ebi3 expression 
was so abundant in human kidney and further investigation into the role of this 
molecule may shed light on previously unidentified regulatory pathways within 
the kidney.

7.6 Looking ahead...

As we look towards the future of immune regulation and tolerance, it is imperative 
to focus not only on identifying novel mediators of tolerance, but also how these 
regulatory cell populations can be identified. This is particularly relevant with the 
generation of tolerogenic or regulatory DCs, as the plastic nature of DCs makes 
them challenging to identify and track over time. Even in vitro generated tolDCs, 
which we and others have shown to be a highly stable regulatory cell population, 
would undoubtedly prove challenging to identify once injected in vivo. If we 
want to try to identify populations of endogenous regulatory DCs expressing 
IL-35 in vivo then a daunting task lies ahead. As we have demonstrated in this 
thesis, the extensive chain sharing within the IL-12 family means that one must 
assess all 5 chains of the family before beginning to interpret any data. The use 
of knockout mice for studies in this area are limited as mice deficient in one 
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chain can obviously lack multiple cytokines. As we have already seen in the early 
data regarding IL-12 and IL-2387-89, this complicates data interpretation and often 
leads to false conclusions. 
Unfortunately IL-35, unlike IL-23, does not express a unique chain so the 
generation of knockout mice specific for IL-35 will be challenging. Perhaps the 
most feasible way will be through the generation of specific neutralising antibodies 
that target a unique epitope only found in the Ebi3: IL-12p35 heterodimer. These 
antibodies would also prove invaluable for in-vitro assays, as currently one must 
combine anti-Ebi3 and anti IL-12p35 to try and block IL-35. This works relatively 
well for T cell populations36,90, however considering DCs express all chains this 
method is not useful for investigating the presence and function of IL-35 in DC 
populations and further complicates an already complex relationship that exists 
between the opposing roles of IL-12 and IL-35. In our experience there is also a 
degree of difficulty in generating rhu-IL-35 that is functionally active in terms of 
T cell suppression and iTr35 induction. In time these reagents will surely be more 
robustly developed which will open up many avenues in IL-35 research. 
In light of the function of IL-35 in the generation of a unique inducible regulatory 
T cell population, it is possible that IL-35 may also generate a regulatory DC 
population, as DCs do express relatively abundant transcript levels of the IL-35R 
(Fig. 2). IL-35 is promiscuous in that it can exert its activity via three different 
receptor combinations, thus potentially facilitating IL-35 with a wide berth of 
activity. As mentioned earlier in this thesis, IL-27 can up regulate the expression 
of IL-12Rβ2 and thereby sensitise naive T cells not only to IL-12 but also IL-35. 
It may well be that some of suppressive action of IL-27 is in fact mediated by the 
priming of iTr35 cells, though this remains to be proven experimentally. 

Figure 2: IL-35 receptor expression  on DC and tolDC



144   •  Chapter 7 

With all of this in mind it makes the finding of the abundant expression of Ebi3 
in the kidney very intriguing. This is one area where Ebi3 knockout mice could 
prove very useful. Expression of IL27B or Ebi3 protein has not been previously 
explored in murine kidney but if it is indeed expressed, then Ebi3-/- mice would 
be a useful tool to fully investigate the role of Ebi3 in renal immunology. During 
periods of inflammation, one could wonder if local IL-35 production helps to 
maintain a regulatory environment for resident DCs. Although cytokine mRNA 
transcripts are typically transient it would also be interesting to utilise in-situ 
hybridisation to explore the expression of IL-12 family transcripts within 
interstitial DCs of the kidney to evaluate if these cells may be primed to produce 
the regulatory cytokines IL-27 or IL-35. Concerning the IL-12 family as a whole, 
many fundamental questions remain unanswered. For example what dictates the 
heterodimerisation of IL-12p35 with IL-12p40 in some conditions, and IL-12p35 
with Ebi3 in others? This competition extends beyond the chains themselves as 
the receptor subunits are also shared between cytokines. For example IL-12 and 
IL-23 both utilise IL-12Rβ1.Can one cytokine out-compete the other? Or if IL-23 
is bound by its receptor does this affect availability of IL-12Rβ1 for IL-12 and 
thus reduce the potency of IL-12? 
It is clear that the IL-12 family and DCs together provide a fertile ground for 
future research but more importantly together have the potential to expand our 
understanding of regulatory cytokines beyond IL-10 and TGF-β and enable us to 
get a wider and deeper look into the regulation of immunity and immunological 
tolerance.
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