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ARTICLE INFO ABSTRACT

Keywords: Interleukin-23 (IL-23) is a cytokine that is composed of the subunits p19 and p40, while its receptor (IL-23R)
IL-23 consists of two subunits, that is, IL-23Ra and IL-12Rp1. The interaction between IL-23 and IL-23R is necessary

IL-23R for exerting cardinal biological effects upon certain cell types, including promotion of memory T cell pro-
Dendritic cells liferation and Th17 cell-mediated IL-17 secretion. Accordingly, dendritic cells (DCs) are one of the main sources
I\Jt?ilmmune diseases for IL-23 secretion. Interestingly, IL-23R is also present on the DC plasma membrane, suggesting that IL-23
Infection potentially acts on DCs via an autocrine manner. In this review, we have summarized a variety of IL-23-mediated

effects on the intracellular signaling pathways such as Janus kinase 2, tyrosine kinase 2, signal transducer and
activator of transcription (STAT), mitogen-activated protein kinase signaling, and so forth, which may underlie
numerous processes such as DC maturation, antigen presentation, T cell proliferation/activation, and cytokine
secretion, which may be implicated in many immune-related diseases through IL-23/DC interactions.
Accordingly, these signaling pathways are extensively involved in the pathogenesis and progression of numerous
diseases, including autoimmune disease (e.g., atopic dermatitis, asthma, and multiple sclerosis) and infection
(e.g., bacterial, fungal, and viral infections). Taken together, they are potentially applicable to novel but pro-

mising strategies for treating numerous diseases associated with the mutual attachment of IL-23 and DCs.

1. Introduction

Despite the fact that Oppmann and colleagues identified the cDNA
sequence expressing interleukin-23 (IL-23) protein as early as the very
beginning of the 21st century, a previous study had assumed that IL-23
alone has no detectable biological activity, since researchers originally
believed that IL-23 was not only homologously related to IL-12 by
sharing the p35 subunit in common, but also, in order to execute
function, IL-23 had to form a complex comprising one of its subunits,
p19, with another novel p40 subunit of IL-12 [1]. Given that the ex-
pression analysis of mouse cDNA libraries showed the presence of p19
mRNA in different cell types from various tissues [1], the highest level
of IL-23 expression was found in polarized Th1 cells [2-5] and activated
macrophages [6-10], among other cell types, which have been ex-
tensively studied since then. Accordingly, researchers started to con-
sider that IL-23 alone, instead of IL-12 or their complex, is a more vital
cytokine mediating certain functions in a specific region, for instance,

autoimmune inflammation in the brain [11]. Additionally, a large
amount of IL-23 secretion was also found in activated dendritic cells
(DCs) in both mouse and human DCs derived from peripheral blood
monocytes [1,12,13], but their mutual interactions have not been well
defined yet. Basically, regarding IL-23 receptor (IL-23R) composed of
two subunits, IL-23Ra and IL-12Rf1, it is diversely expressed on DCs,
macrophages, natural killer cells, and activated and/or memory T cells
in humans [14,15]. It has been widely accepted that the affinitive
binding between IL-23 and IL-23R is necessary for the normal biological
activity implicated in all the relevant cell types [16-19]. Thus, the
advances in the mutual attachment between IL-23 and related cell types
of interest are described in brief as follows.

1.1. Memory T cells

IL-23 promotes the proliferation of memory T cells in a dose-de-
pendent manner [1,15] as well as induces activation of memory T cells
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for subsequent production of IL-17 and interferon (IFN)-y [14].
Nevertheless, there is a diverse expression and a distinctive secretion
pattern of IL-17 in different subsets of memory T cells. Accordingly, the
IFN-y expression and secretion also varies under different circum-
stances [20-25], especially under relatively complicated conditions
during diseases such as Crohn’s disease [24] and various types of au-
toimmune inflammation [20,23], regardless of the fact that IL-23 is not
the only type of cytokine that induces memory T cells for IFN-y pro-
duction [15,26,27].

1.2. Thi17 cells

IL-23 also promotes the differentiation of Th17 cells and Th17 cell-
mediated IL-17 secretion. It has been well documented that the IL-23/
Th17 cell axis plays an essential role in a number of diseases such as
obesity-related metabolic syndrome [28] and inflammatory arthritis
[29]. The latter one further includes inflammatory bowel disease
[30,31], allergic airway inflammation [32], rheumatoid arthritis
[33-35], adult-onset Still’s disease [36], juvenile idiopathic arthritis
[37-39], scleroderma [40-42], systemic lupus erythematosus
[16,43-46], and psoriasis arthropathy or spondyloarthritis [33,47].

1.3. DCs

DCs are generally considered as the main source for IL-23 secretion,
while IL-23R is present on the plasma membrane of DCs [48-50]. Given
the involvement of IL-23 in the regulation of activities of numerous cell
types in addition to the memory T cells and T17 cells mentioned above,
IL-23 also acts on DCs along with macrophages in order to promote
antigen presentation, followed by the production of various proin-
flammatory cytokines [51]. Interestingly, despite the genetic homo-
geneity of IL-23 and IL-12, they can be differentially regulated in their
production, as for human DCs among other cell types, which are in turn
involved in the activation and differentiation of these cell types
[20,52,53]. Therefore, IL-23 not only connects innate immunity with
adoptive immunity through its multiple roles, but it also particularly
exerts a temporally and spatially varied effect on DCs in an autocrine
manner [54]. Hence, it has become the main topic of interest, which is
summarized below in this review.

2. DC-Secreted IL-23

IL-23 is produced by numerous cell types from various tissues. For
instance, polarized Thl cells and activated macrophages as well as
keratinocytes in patients with psoriasis have been revealed to express
high levels of IL-23p19 mRNA [55]. Another study has shown that large
amounts of the IL-23 complex are produced by activated DCs. In ad-
dition, DCs derived from either human or mouse peripheral blood
mononuclear cells also produce high levels of IL-23p19 mRNA. There-
fore, based on multiple studies focusing on the signaling pathways that
underlie IL-23 secretion and their related functional implications in
many diseases, DCs are the major sources of IL-23 production [1]. In a
mouse stroke model, interferon regulatory factor 4 /cluster of differ-
entiation (CD) 172a* type II DCs were found to be expressed most
abundantly at the lesion site after cerebral ischemia. This specific DC
subset was also considered as the major source of local IL-23 production
at 24 h after stroke, thereby mediating neutrophil infiltration during the
inflammatory response [56]. Additionally, IL-23 production in a variety
of DC subsets was detected at the local lesion area in patients with
plaque-type psoriasis [57]. Moreover, myeloid-derived DCs induced by
in vitro serum-free culture conditions, i.e., serum-free DCs, were found
to have a semi-mature phenotype in DCs, which produced large
amounts of IL-23, but did not produce IL-12, when facing the threat of
lipopolysaccharide challenge [58].

The role of IL-23 in DC-mediated protective immunity against
bronchial asthma also has been reported. Ian and colleagues
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demonstrated the differences in the dysfunctional phenotypes of lung
DC subsets in asthma-sensitive mice (A/J) and asthmatic mice (C3H)
compared to control ones. They revealed that both antigen presentation
of myeloid-derived DCs and Thl7-mediated cytokine secretion, in-
cluding both IL-23 and IL-6, are involved in bronchial airway hy-
perresponsiveness [54]. In addition, DC-mediated IL-23 secretion has
been considered to be modulated by diverse biological processes. For
instance, one study indicated that topical application of a Toll-like re-
ceptor (TLR) agonist alone promoted DC maturation and IL-23 pro-
duction, while IL-4 overexpression reversed this particular effect
mediated by TLR agonists [59]. Furthermore, it has been demonstrated
as well that, roflumilast, also known as diesterase 4 inhibitor, promotes
DC-mediated IL-23 secretion [60]. Meanwhile, prostaglandin E2 has
been shown to increase IL-23 production in human DCs through the
intracellular cyclic adenosine monophosphate signaling pathway [61].
In contrast, protein phosphatase 2A has been demonstrated to be in-
volved in negative regulation of IL-23 production in DCs [62]. Ac-
cordingly, regarding antagonists against components of these signaling
pathways, quite a few drugs, such as P2Y12 [63], galectin 3 [57], and
morphine [64], have been screened for their involvement in suppres-
sion of IL-23 secretion in DCs. In particular, yohimibine, known as the
dexmedetomidine inhibitor, has been demonstrated to suppress IL-23
secretion effectively from DCs that were originally derived from human
umbilical cord blood mononuclear cells [65]. Taken together, even
though DC-secreted IL-23 has not received less attention, the mutual
interaction between IL-23 and DC, especially underlying signaling
pathways, has not been extensively defined or clearly interpreted yet.

3. Functionally distinctive roles of DCs through IL-23-Induced
activation of intracellular signaling pathways

It is well known that an increase in the local expression of IL-23 is
commonly observed during pathological changes in numerous diseases
[14,55]. Inflammatory cells are induced by IL-23 to initiate the selec-
tive expression of IL-23R. The affinitive binding between IL-23R and IL-
23 subsequently mediates the activation of cell-type-specific expression
of endogenous IL-23 during the immune response to these diseases [55]
(Fig. 1). Both exogenous and endogenous IL-23 have been considered to
be involved in binding to IL-23R on the cell membrane (p19 and IL-23R,
p40 and IL-12RP1) to form a complex, which in turn activates in-
tracellular signaling transduction pathways, namely, the Janus kinase
pathway (IL-23R-Janus kinase 2) and the tyrosine kinase pathway (IL-
12RB1-tyrosine kinase 2) [18] (Fig. 1). Activation of Janus kinase
phosphorylates several tyrosine residues in the intracellular domain of
IL-23R, which then activates downstream effectors including signal
transducer and activator of transcription (STAT), mitogen-activated
protein kinase, and phosphatidylinositol-3-kinase [18,66] (Fig. 1).
Nevertheless, it also has been discovered that the tyrosine residues of
catalytic subunits do not exist in the intracellular domain of human IL-
12RB1, thereby suggesting that IL-23R is the main component of signal
transduction in the complex [67] (Fig. 1).

3.1. DC maturation

It has been shown that myeloid-derived DCs transfected with IL-23-
expressing plasmid started to display mature phenotypes, including
acquisition of increased folds and irregular processes, abundant accu-
mulation of mitochondria and endosome-associated complexes, and few
lysosomes in the cytosol under electron microscopy [68]. Accordingly,
a number of surface markers on the mature DCs, such as CD86, CD54,
CD11b, major histocompatibility complex (MHC)-I, and MHC-II, can
also be detected in comparison with those of immature or inactivated
DCs [69-71] (Fig. 2). Interestingly, the expression levels of many sur-
face markers on mature DCs were found to be almost unaffected,
through suppression of either IL-23 secretion or IL-23p19 expression, by
using specific drugs or antisense oligonucleotides [65,72]. These



Y. Li, et al.

Bind to IL-23R

:ti; Act on express|L-23R
- > N
«—
— produce
@®
produce

Cytokine 120 (2019) 78-84

Activate
signal ing pathway Ja
B ——

@

tyrosine residues

phosphorylate l

STAT

Fig. 1. Activation of IL-23-producing DCs via modulation of IL-23-dependent signaling pathways.

approaches, however, also have been proven to diminish IL-12 secre-
tion effectively from DCs, thereby suggesting that the IL-12-producing
potential may be a predictive hallmark for DC maturation [65]. In brief,
these results have demonstrated that IL-23 is not necessarily involved in
promoting DC maturation.

3.2. Enhanced immune response coupled with DC maturation

3.2.1. IL-23-mediated enhanced capacity of DC antigen presentation

Belladonna and colleagues carried out adoptive transfer skin ex-
periments using two subsets of IL-23-expressing DCs, CD8a~ and
CD8a™ DCs, which were loaded with tumor-specific peptides. As de-
monstrated by measuring the weight of each footpad 2 weeks following
injection, footpad swelling did occur in mice inoculated with these DCs
as expected, suggesting that IL-23 administration prompts antigen
presentation of these DC subsets with high efficiency [73]. Similarly,
Tan and colleagues transfected plasmids expressing IL-23 into myeloid-
derived DCs, which were pulsed with tumor lysate. These antigen-
sensitized DCs were in turn inoculated into mouse models of pancreatic
cancer subcutaneously. Their results revealed that IL-23 administration
indeed improved the tumor-specific antigen presentation of DCs [74]
(Fig. 2).

In particular, IL-23 administration has been demonstrated to en-
hance the presentation of ovalbumin (OVA) peptides during an allergic
reaction by DCs [75,76]. Moreover, IL-23p19 expression in DCs was
discovered to be partially upregulated in a mouse model of atopic
dermatitis as well as in patients with atopic dermatitis during clinical
trials [75,76]. These DCs were isolated and cultured with rIL-23 for
24 h. After washing, they were then cocultured with naive CD4™ OTII T
cells in the presence of OVA3,3.339 peptide [75,76]. IL-22 secretion by
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naive CD4™ T cells was significantly increased, suggesting that IL-23
enhanced the capacity of DCs for antigen presentation of OVA3zs3.339
peptide to the naive CD4 " T cells [55]. Therefore, OVA peptides have
been commonly chosen for allergic sensitization and challenge in a
mouse model of allergic asthma. However, further investigations are
required to confirm whether IL-23 also enhances the presentation of
OVA peptide by DCs in asthmatic mice.

3.2.2. IL-23-dependent and DC-mediated proliferation and activation of T
cells: In particular, for cytotoxic T-lymphocyte (CTL) activation

DCs transfected with antisense oligonucleotides against IL-23p19
were cocultured with allogeneic CD4™ T lymphocytes, and the results
showed that the DC-induced proliferative capacity of these T cells was
significantly diminished, whereas it was partially reversed by the ad-
dition of exogenous rIL-23, indicating that IL-23 strongly promotes DC-
mediated T cell proliferation [77]. The mixed lymphocyte reaction test
showed that the expression level of CD62L on the CD4™ T lymphocytes
could be used as an acute but novel plasma biomarker for the activation
of T cells, due to the instability of CD62L, which was rapidly shed from
the membrane during T cell activation [77]. Therefore, CD4™ T cells
with undetectable expression of endogenous CD62L were considered to
be properly activated (Fig. 2).

Comparatively, DCs transfected with IL-23p19 antisense oligonu-
cleotide, which specifically suppresses the expression of the IL-23p19
gene in DCs, were cocultured with allogeneic CD4™" T cells [72]. The
results showed that the number of CD62L* CD4* T cells from the
oligonucleotide administration group was significantly higher (~42%)
compared to that of the control group, suggesting that IL-23p19 anti-
sense oligonucleotide effectively reduced the number of activated T
cells [72]. Furthermore, DCs isolated from the lesion areas of patients
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Fig. 2. Functional alterations in DCs through IL-23-induced activation of intracellular signaling pathways.
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with atopic dermatitis were alternatively treated by rIL-23 mixed with
naive CD4™" T cells [55]. That study showed that IL-22 secretion was
apparently increased by naive CD4* T cells; accordingly, the produc-
tion of IL-17A detected in the culture medium was significantly in-
creased [55]. Taken together, these studies demonstrated that IL-23
promotes DC-mediated activation of quite a few T cell subsets (Fig. 2).

3.2.3. IL-23-mediated DC activation: Alteration in cytokine secretion

DCs produce different cytokines in various microenvironments and
mediate their corresponding biological functions. IL-23 exerts a bene-
ficial influence on the secretion of DCs as follows (Fig. 2). (i) Promoting
the secretion of endogenous IL-23: after mechanical damage in the skin,
enhanced IL-23 released from the lesion site inevitably results in acti-
vation of DCs, followed by further production of more endogenous IL-
23 [55]. (ii) Promoting the secretion of endogenous IL-12: IL-23 fusion
protein induces CD8a~ and CD8a™ DC subsets for further production
of IL-12. Moreover, DCs exogenously supplied with rIL-12 had an ap-
parently increased expression level of IL-23p19 [55]. Therefore, it is
highly likely that IL-23 and IL-12 are mutually regulated in DCs. (iii)
Decreasing IL-10 while increasing tumor necrosis factor (TNF)-a se-
cretion: suppression of IL-23p19 gene expression in DCs leads to a
significant increase in the expression/secretion of IL-10 as well as a
significant decrease in the expression/secretion of TNF-a [72]. More-
over, DCs supplemented with exogenous IL-23 rescued the expression/
secretion of IL-10 and TNF-a, possibly due to the reduced amount of
endogenous IL-23 [72]. (iv) Promoting IFN-y secretion: DCs supple-
mented with IL-23-Ig efficiently induce the production of large amounts
of IFN-y, as shown in an in vitro study [55]. Collectively, IL-23 is in-
volved in not only promoting DC maturation as well as enhancing the
capacity of DC antigen presentation and their cytokine secretion, but
also improving the proliferative capacity and the activation of T cells
(Fig. 2).

4. Clinical implication and translational applications of
intracellular signaling of IL-23 and/or DCs

There have been numerous studies focusing on preclinical and
translational research on IL-23 and/or DCs. For example, it has been
reported that the enhanced CD4* Thl-mediated immune response
improved the viability of both DCs and Thl cells in a tumor im-
munosuppressive microenvironment in an animal model [73]. More-
over, IL-23-Ig administration induced CD8a™ DCs to mediate the an-
tigen presentation from the tumor in vivo as well as to increase the
production of endogenous IL-12 and IFN in vitro [73].

Additionally, marrow-derived DCs that were previously transfected
with IL-23 were loaded with different tumor-specific antigenic peptides,
and then these DCs were inoculated into a mouse model of pancreatic
cancer [73]. Accordingly, in vaccination-inoculated mice, there was
undetectable tumor growth within 3 weeks, the tumor volume was
obviously reduced, and the survival time of the mice was significantly
prolonged [73]. Moreover, it also has been revealed that IL-23-trans-
fected DCs migrated to the secondary lymph nodes and then to the
spleen after subcutaneous injection [74]. Splenic T cells induced an
effective concentration of IFN-y upon stimulation. In addition, activated
DCs stimulated T cells to express MHC-I, MHC-II, IL-12, IFN-y, and
other cytokines simultaneously after IL-23 transfection, eliciting a Th1
inflammatory immune response with CTL activation as well as sup-
pressing tumor immune evasion [74]. Therefore, it has been regarded
as an essential signaling pathway underlying basic features of immune
response, which is thus widely applicable to the treatment of auto-
immune disease (4.1.1-4.1.3) and infection (4.2.1-4.2.4) as follows.

4.1. Atopic dermatitis

Atopic dermatitis is a Th2-dominant inflammatory and chronic re-
lapsing skin disease. IL-22 induces keratinocyte proliferation, which is
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elevated during inflammation in atopic dermatitis. In addition, skin-
infiltrating Th22 cells are observed in atopic dermatitis lesions [55]. An
animal model for atopic dermatitis revealed that endogenous TLR4 li-
gand-induced innate immunity promoted keratinocyte production and
the release of IL-23, which led to the selective expression of IL-23R by a
cutaneous administration of DCs to the mice [55]. Moreover, profound
upregulation of endogenous IL-23 drove CD4* T cell subsets toward an
inflammatory IL-22-positive phenotype [55]. Preclinical/clinical stu-
dies in patients with atopic dermatitis also showed that IL-23-induced
polarization of cutaneous DCs elicited an immune response towards IL-
22-mediated inflammation following mechanical scratching in the skin
[55]. Hence, the occurrence of atopic dermatitis largely relies on IL-23/
DC-mediated activation of T cell subsets and subsequent cytokine se-
cretion.

4.2. Asthma

Genetic screening and functional analysis by Lan et al. compared
lung DCs between an asthmatic A/J mouse model and an asthma-re-
sistant C3H mouse model [78]. In their study, they found that allergen
uptake by myeloid-derived DCs and the Th17-inducing cytokines IL-23
and IL-6 drove airway hyperresponsiveness in asthma-susceptible mice
[78]. Meanwhile, resistance to asthma was associated with enhanced
allergen uptake by plasmacytoid-derived DCs [78]. In addition, house
dust mite-induced allergic asthma in a C3H mouse model revealed that
this approach increased susceptibility to allergen-induced airway hy-
perresponsiveness through the profound upregulation of IL-17A in
mouse lungs [78]. Therefore, these results demonstrated the involve-
ment of DCs/Th17 cells in IL-23 secretion during asthma.

4.3. Multiple sclerosis

IL-23 as well as IL-12 are secreted mainly by activated DCs and
macrophages, both of which induce T-cell subsets to secret IFN-y among
other cytokines [34]. Interestingly, IL-12-deficient mice displayed the
phenotypes of multiple sclerosis and experimental autoimmune en-
cephalomyelitis, which were not observed in mice that had specifically
blocked expression of IL-23 and/or IL-12 in vivo, although DC expres-
sion of IL-23 indeed plays an important role in the pathogenesis of
human autoimmune diseases including these diseases [79,80]. Another
study has reported that there was an apparent increase in the mRNA
expression levels of IL-23 and IL-23p19 in monocyte-derived DCs from
patients with multiple sclerosis in comparison with those in healthy
subjects [72]. Accordingly, enhanced expression and secretion of IL-17
were also observed in patients with multiple sclerosis [72]. Collectively,
these results indicated an abnormal Th1 bias induced by IL-23 from DCs
in clinical practice.

4.4. Citrobacter rodentium infections

Circulating monocyte-derived DCs and resident macrophages are
involved in activation of immune responses in the intestinal mucosa
[81,82]. For instance, CX3C chemokine receptor 1" mononuclear
phagocytes have been reported to modulate the innate immune re-
sponse to C. rodentium in infections and chronic inflammation of the
colon [83]. Moreover, in the absence of IL-23, it was highly likely to be
an acute lethal infection caused by a shortage of IL-22-producing
macrophages and/or CD11b* DCs [83]. Thus, IL-12 or IFN-y is com-
monly used to neutralize infection in animal models due to mechanisms
underlying the acute lethality effects. In addition, studies have shown
that mice were also rescued when the IL-12-deficient CD103* CD11b~
DCs were rendered deficient by targeted gene manipulation. These
findings also suggested that IL-12 production was repressed by IL-23 in
colonic CD103™ CD11b~ DCs [83]. Besides the fact that it plays a
certain role in inducing IL-22 production, it is widely accepted that IL-
23, which is produced by either CD103~ CD11b* DCs or macrophages,
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is necessary for negative modulation of cytokine production, thereby
effectively and efficiently avoiding deleterious accumulation of IL-12
secreted by CD103* CD11b~ DGCs [83]. Furthermore, impaired cross-
talk between the mononuclear phagocytes and the infection source
resulted in the generation of IFN-y-producing Th17 cells, and even-
tually, lethal immunopathology [83]. Therefore, mutual attachment
between IL-23 and specialized DC subsets plays a cardinal role in im-
mune response against C. rodentium infections.

4.5. Human immunodeficiency virus type 1 (HIV-1) infection

Myeloid-derived DCs are associated with impaired T-cell function
during HIV-1 infection [84,85]. HIV or glycoprotein (GP) 120 was
found to inhibit lipopolysaccharide-induced myeloid-derived DC ma-
turation and to cause defects in allogeneic T cell proliferation, IL-2/IFN-
y production, and phosphorylation and nuclear translocation of STATSs
[86-91]. For instance, GP120-induced myeloid-derived DCs down-
regulated the proliferation and autologous T cell responses against
defined peptides and subsequent IFN-y production during the infection
of chicken embryo fibroblast cells by cytomegalovirus, Epstein Barr
virus, or influenza virus [86]. These T cell defects were associated with
a decrease in the Thl-polarizing cytokine IL-12p70 and an increase in
IL-23 production after GP120 administration in myeloid-derived DCs
[86]. GP120-induced IL-23 upregulated the production of suppressor of
cytokine signaling 1 (SOCS1) in T cells, while SOCS1 protein inhibited
IFN-y production and promoted the survival of chicken embryo fibro-
blast-pulsed monocytes [86]. Additionally, IL-23-induced SOCSI has
been reported to bind and disrupt preexisting transcription complexes
on actively transcribed IFN-y genes, indicating that SOCS1 can be a
potential target for immunotherapy in order to restore immune re-
sponses in HIV-infected patients [86].

4.6. Fungal infection

IL-17-producing Th17 cells contain a newly identified T-cell subset
that potentially plays an essential role in the adaptive immune response
to various fungal infections [92-94]. Opportunistic fungal pathogens
including Aspergillus and Rhizopus induce a common innate pathway in
human DCs compared to primary pathogenic fungi like Histoplasma
capsulatum, resulting in a huge increase in IL-23 production and driving
the Th17 cell-mediated immune response [95]. This process largely
depends on selective exposure to fungal cell wall polysaccharides such
as B-glucan and subsequent dectin-1 activation during invasive fungal
infections [95]. Notably, changes in (3-glucan caused drastic alterations
in the cell wall of a Histoplasma mutant, not only abolishing the pa-
thogenicity of the fungus but also triggering the activation of IL-23-
producing DCs [95]. Taken together, sufficient exposure to (3-glucans
from the fungal cell wall is regarded as a prerequisite for activation of
the IL-23/Th17 axis; hence, these results demonstrated that IL-23-pro-
ducing DCs may be a key factor in the protective immunity against
hypovirulent fungal strains but not nonpathogenic strains.

4.7. Listeria monocytogenes infection

The species-specific inflammatory response is characterized by the
production of IL-12 and IFN-y as well as CD8" T cell CTL-mediated
protective immunity against L. monocytogenes infection [96,97]. These
inflammatory cytokines may deeply affect the rate of memory CD8* T
cell production and the total number of these short-lived effector cells
[96,97]. For instance, Henry et al. sought to inoculate therapeutic
vaccines derived from specific DC lines with the deletion of the IL-12
gene or the IL-12/23 genes in IL-12- and/or IL-23-deficient mice in
order to monitor the role of IL-23 in L. monocytogenes infection [98].
They found that mice inoculated with wild-type or IL-12-deficient DCs
were resistant to L. monocytogenes infection [98]. On the contrary, those
that were inoculated with IL-12/23-deficient DCs exhibited enhanced
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susceptibility to its infection, possibly due to species-specific generation
of T cell memory cell pools, when facing the threat of its infection [98].
Taken together, these results indicated that IL-23 plays at least a
leading role in protective immunity against L. monocytogenes infection,
especially in the absence of IL-12.

5. IL-23-mediated and DC-based novel translational approaches
for human cancer immunotherapy

5.1. Gene-specific antisense oligonucleotides

Anti-IL-23p19 and anti-IL-12p35 antisense oligonucleotides were
transfected into monocyte-derived DCs in mice as an animal model for
multiple sclerosis [99]. These oligonucleotides effectively and specifi-
cally inhibited the expression of IL-23 and IL-12 genes; however, the
viability of DCs and the DC maturation process were not obviously al-
tered [72]. It has been widely accepted that lymphocytic chorionic
meningitis virus infection in a mouse model specifically elicits an IL-23/
IL-17-mediated pathological immune response [100,101]. The symp-
toms closely mimic the condition of viral hemorrhagic fever in patients.
Antisense targeting of IL-23/IL-17 apparently reduces these symptoms
and well demonstrates the importance of the IL-23/IL-17 signaling
pathway in this mouse model. Thus, it is believed that this dysfunc-
tional and pathological immune state is mediated by the involvement of
IL-23/IL-17 signaling pathways [100,101]. Therefore, anti-IL-23 oli-
gonucleotides are potentially applicable for targeting immune mod-
ulation through alteration of related gene expression of DCs and hence
can be used to identify therapeutic treatments under a variety of in-
flammatory conditions that are potentially associated with IL-23/IL-17
signaling.

5.2. DC-based vaccines

5.2.1. DC-based vaccines against infection

Henry et al. inoculated IL-12/23-deficient DCs into mice that had
been infected with L. monocytogenes. This DC-based vaccine partially
compensated for deficiency of IL-12-induced T cell-mediated protective
immunity against L. monocytogenes in the absence of IL-12 [98]. A more
recent study also has shown that a DC-based vaccine was developed in
order to enhance the protective immunity against pulmonary infection,
whose causative agent was isolated and identified as a highly virulent
Cryptococcus gattii strain in patients from Vancouver Island [102]. Ac-
cordingly, the administration of a DC-based vaccine obviously in-
creased the expression and secretion of IL-17A-, IFN-y-, and TNF-a-
producing T cells in both the lungs and spleen, thereby ameliorating the
fungal burden and mitigating the fatal outcome following infection
[102]. By using this approach, DC-derived vaccines are basically pulsed
with these pathogens and inoculate the animal models or even human
subjects prior to infection, which leads to significant enhancement in
the corresponding species-specific protective immunity.

5.2.2. DC-derived and peptide-based vaccines for tumor immunotherapy

Tan et al. reported that in an animal model of pancreatic cancer, a
therapeutic vaccine comprised of DCs stably expressing IL-23 was used
to target the proliferation of pancreatic cancer cell lines effectively,
thereby offering a better long-term outcome for pancreatic cancer pa-
tients [74]. This study demonstrated the efficacy of DC-mediated im-
munotherapy for this particular type of cancer, which also accelerated
the healing process of defective immune surveillance for pancreatic
cancer, thereby inducing an antitumor immune response and inhibiting
tumor growth [74]. Without a doubt, this method has great potential
for in vitro-induced differentiation of DCs loaded with tumor-specific
antigens to prime the CTL response in order for activity-specific im-
munotherapy against cancer. Hence, we would like to take advantage of
this novel translational approach for immunotherapy against specific
types of cancer in the future.
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