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Distinct dendritic cell subsets actively induce Th2
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The mechanisms by which dendritic cells induce Th2
polarization (DC™? cells) have been controversial. Many have
argued that DC™2 cells are not a distinct functional DC subset,
but rather, DC-induced polarization of Th2 cells is a default
pathway that occurs in the absence of inflammatory signals
leading to DC-induced polarization of Th1/Th17 cells. However,
recent studies demonstrate that distinct subsets of tissue DCs
actively polarize Th2 cells after stimulation with type-2 inducing
stimuli. DC™2 cells development is marked by the upregulation
of specific transcription factors, cell surface molecules, and
cytokines. These findings counter previous hypotheses that
Th2 skewing by DCs is a passive response and support a model
in which DCs are actively programmed to induce Th2
differentiation.
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Introduction

The mechanisms by which dendritic cells induce Th2
polarization (DCThZ cells) have been controversial.
Recent studies have provided new evidence that distinct
DC subsets in the tissue mediate development of Th2
responses through upregulation of specific genetic pro-
grams driven by Th2 stimuli [1]. It is well known that
DCs polarize Thl and Th17 through the production of
IL-12 or 11.-23/IL.-6 respectively [2], but the lack of Th2-
skewing I1.-4 production by DCs has lead researchers to
investigate how DCs impact Th2 differentiation. Indeed,
over the years, many have suggested that DC polarization
of Th2 differentiation is not an active process but rather a
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passive pathway of Th polarization that occurs in the
absence of active DC-induced polarization of T cells into
Thi cells [3-8]. Another prevailing hypothesis has been
that in the absence of an inflammatory signal, immature
DCs preferentially stimulate Th2 responses due to
decreased T'CR signaling and low co-stimulatory signals
[9-13]. While many of these studies used iz vitro, ex vivo,
or adoptive transfer experiments, recent advances have
allowed more detailed investigations concerning the
function and specificity of DCs z# vivo at both the steady
state and during inflammatory responses. In this article,
we review the latest studies that demonstrate how distinct
subsets of tissue DCs are involved in the induction of
Type-2 immunity. Moreover, these DC'™ cells actively
polarize Th2 cells in response to specific signals through
the upregulation of specific transcription factors
[14°°,15°°,16°°], cell surface molecules [17,18], and cyto-
kines [11,13,19,20]. These findings counter previous hy-
potheses that Th2 skewing by DCs is a passive response,
and support a model in which DCs are actively pro-
grammed to induce Th2 differentiation.

Lung and skin Th2 responses are mediated by
distinct DC subsets

Development of Type-2 immune responses during hel-
minth infections, allergic airway inflammation, or atopic
dermatitis has been most frequently associated with both
CD11b"* conventional DCs (cDCs) and CD11b* mono-
cyte-derived DCs (moDCs) [5,13,16°%,21-23]. At steady
state, CD11b* ¢DCs are located primarily below the
basement membrane, but after antigen challenge they
accumulate around the airways allowing antigen uptake
[16°°,17,21,24°°,25°,26-28,29°,30,31]. Upon activation,
CD11b" ¢DCs can upregulate CCR7 and CD47 to
promote migration to the mediastinal lymph node
[32-34] where they preferentially activate CD4" T cells
[35,36°]. During inflammatory responses, production of
the chemokine CCL2 recruits CCR2™ monocytes to the
lungs where they can differentiate into CD11b™ moDCs
[24°°,37,38]. Using a house dust mite (HDM)-mediated
model of asthma, Plantinga er «/. found that both
CD11b" ¢DCs (CD64 FceRI7) and CD11b* moDCs
(CD64"FceRI") were sufficient to induce Th2 responses in
the lungs [24°°]. However, while CD11b" ¢DCs were
responsible for migrating to the draining lymph node
and initiating Th2 differentiation, the primary function
of the CD11b* moDCs was to produce significant amounts
of chemokines to attract monocytes and granulocytes
[24°°]. Previously, CD11b" moDCs were thought to
participate in priming naive CD4" T cells [30,39-41].
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However, many recent studies support a model in which
CD11b* ¢DGCs and CD11b moDCs exhibit distinct but
complementary functions in driving ThZ immunity
[16°°,24°°,29°,37,42°,43].

Interestingly, the CD11b* subset was also shown to play a
critical role in promoting Th2-mediated skin inflammation
[17,31]. Using a murine model of atopic dermatitis, it was
found that only CCL17*CD11b™ DCs could drive Th2
differentiation in the skin draining lymph nodes. This
model was dependent on thymic stromal lymphopoietin
(TSLP) responsive DCGCs, indicating that the TSLP re-
ceptor (T'SLLPR) could be another marker used to identify
DCs specialized to induce Th2 responses [17,31]. More
recently, CD207~ dermal DCs, expressing CD301b and
PDL.2, were identified as the mediators of Th2 responses
in an OVA-mediated and papain-mediated skin inflam-
mation model [16°°,29°]. Using Mg/2(CD301b)-D'TR mice
it was demonstrated that CD301b* DCs were the primary
transporters of soluble antigens from the skin to the drain-
ing lymph node where they facilitated CD4" T cell
accumulation and Th2 priming [29°]. Overall, specific
subsets of DCs responsible for promoting Th2 responses
can be identified iz vivo; however, the relationship be-
tween lung ¢cDCs and moDCs with skin CD301b"PDL2"
DCs and CCL17*CD11b"TLSPR* DCs remains unclear.

The confusion regarding the specific roles CD11b* ¢cDCs
and CD11b" moDCs play in mediating type-2 responses,
is due in part, to the lack of markers that distinctly
identifies these subsets ('T'able 1). One of the first markers
identified, LLy6C, was utilized as the primary marker to
separate CD11b* ¢DCs and CD11b* moDCs [22]. How-
ever, Ly6C is lost upon differentiation of monocytes into
macrophages or dendritic cells and is a temporal marker
that changes depending on the timing of an experiment
[24°°]. Other groups have tried to identify more accurate
panels of markers using FcyRI (CD64) and FceRI
[24°°,30,44], CD301b and PDL2 [16°°,29°], CD24 [45],
Ly6G [18], CCR2 [30,37], MERTK [36°], CCL17 and
TSLP receptor (TSLPR) [17,31], and CX3CR1 [46], but
there is currently no standard panel. Moreover, there is a

Table 1

Summary of markers used to identify and separate CD11b™*
cDCs and CD11b* moDCs

Markers CD11b* ¢cDCs CD11b* moDCs References
CD11c + +

MHCII + +

Ly6C — + [22]

CD64 and FceRI — + [24°°,30,44]
CD301b + - [16°°,29°]
PDL2 + - [16°]
CD24 + - [45]

CCR2 - & [30,37]
CCL17 and TSLPR  + - [17,31]
CX3CR1 - + [46]

continuum of expression on DC subsets for many of these
markers making it difficult to identify distinct populations
of cells. An additional layer of complexity is the fact that the
different markers were identified in various anatomical
locations. There appears to be a greater degree of similarity
between DCs in the skin and lung as FcyRI (CD64),
CD301b, PDL2, CCR2, and MERTK were found to be
expressed on CD11b" ¢DCs and CD11b" moDCs in both
tissues [16°°,21,24°°,30,36°,37]. In contrast, although tran-
scriptional regulation of DC ontogeny has demonstrated
that CD11b" DCs from lung and small intestine cluster
closer to each other than to CD103* DCs and macrophages,
they exhibit significantly variable expression of a defined
core ¢cDC signature that includes Flt3L, and CSF-1R high-
lighting the heterogeneity of CD11b* DCs from different
tissues [23]. Thus, using a specific genetic program to
identify DC'™? cells may be a more accurate way to
recognize which cells are driving Th2 immunity rather
than relying on historically defined surface markers.

Given the significant genetic overlap between monocytes,
macrophages, and DCs, it has been difficult to create
mouse strains that specifically delete one subset of antigen
presenting cells without affecting the other populations.
For instance, although most studies have implicated a role
for CD11b* ¢DCs and CD11b* moDCs, Th2-mediated
allergic airway inflammation was found to be impaired in
BXH2 ™/~ mice which specifically lack CD103* ¢DCs
implicating this subset in type-2 inflammatory responses
[47]. However, BXH2 ™/~ mice also have impaired mono-
cyte development, particularly of Ly6C* monocytes the
have the ability to transport antigen to lymph nodes [36°],
and can differentiate into CD11b™ moDCs during inflam-
mation [48]. A different CD103* ¢DC deficient strain,
BATF3™~ mice (that lack both CD103* and CD8a*
DC subsets), responded normally to OVA sensitization
and challenge [49]. In fact, recent findings have suggested
that the CD103* DC subset is essential for the develop-
ment of tolerance to inhaled antigens [50] and for the
inhibitory effects of Helicobacter pylori intestinal infection
on type-2 immunity [49]. Identification of more specific
markers for DC'™ cells so that they can be specifically
deleted is critical to understanding their function in the
initiation and development of Th2 responses.

DC™2 cells upregulate a specific genetic
program

Substantial progress has been made in the recent years to
identify distinct genetic signatures specific to DC subsets
[23]. The transcription factors STATS5, IRF4, PU.1, RelB,
SpiB, IRF8, NFkB, and C/EBPa have all been implicated
in DC subsets development [51]. T'wo of these transcrip-
tion factors, IRF4 and STATS, play a critical role in
mediating the functionality of DCs to promote Th2
responses. STATS is a downstream target of T'SLP
[52], a cytokine that promotes DC'™ differentiation i
vitro [53] as well as DC migration to the draining lymph
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node and initiation of 'Th2 differentiation in vivo
[17,53,54]. Specific deletion of STATS in DCs impairs
DC responsiveness to TSLP, and diminishes Th2-
mediated inflammation due to decreased DC upregula-
tion of co-stimulatory molecules (i.e. CD80, CD86, and
OX40L) and decreased differentiation of Th2 cells [55°].
Interestingly, this defect was found to be specific for
CD11b* DCs [55°] further supporting the hypothesis that
this DC subset has a genetic predisposition toward driv-
ing Th2 immunity. It is important to note that TSLP and
subsequent upregulation of STATS does not appear to be
necessary to maintain a 'Th2 response during helminth
infections [56] and late stage allergic inflammation [57].
Therefore, STATS signaling in DCs plays a critical role
during early Th2 polarization and sensitization.

The transcription factor IRF4 has emerged as a key reg-
ulator of DC'™  cell development [14°°,15°°,16°°].
Multiple mechanisms by which IRF4 promotes the de-
velopment and function of DC'™ cells have been
suggested. IRF4-deficient DCs were found to have a

Figure 1

decreased ability to present antigen to CD4" T cells
[14°°], and demonstrate defects is production of Th2 skew-
ing cytokines, specifically 1L.-10 and 11.-33 [15°°], which
have been implicated in Th2 differentiation [15°°,58,59].
Within the skin, IRF4 deficiency prevented CD11b"™ DCs
from upregulating chemokine receptors and migrating from
the dermis to cutaneous lymph nodes [60]. While it is
possible that defect in migration may indirectly lead to
decreased Th2 immunity, Williams ¢z @/. and Gao ¢z a/. both
showed that /# vitro stimulation of T cells with TRF4-
deficient DCs failed to induce Th2 differentiation
[15°°,16°°]. Thus, IRF4 expression is key to the ability
of DGs to induce Th2 polarization. These studies are partly
confounded by the different mouse strains that were cre-
ated for each study. At baseline, there were significant
differences in what DC populations were present between
the IRF4-deficient mice [14°°,15°°,16°°,45,61], and it was
suggested that this result was dependent on when IRF4 was
deleted during development. A better understanding of
when IRF4 is turned on or off during DC subset differen-
tiation would help clarify its role in the development of

Class | Allergens

(A

Direct binding

(i.e. immune
complexes)

Dust mite
o Fungi —P Dectin-2
Pollen
FcRy
DCTh2 \
IRF4
Class Il Allergens
X0000000KC
IL33 and IL10
FcRy
FeyRlll
Indirect binding .

5

L XA e L

s

Allergic Airway Inflammation

Current Opinion in Immunology

Signaling through FcRy-associated receptors or TSLPR on dendritic cells drives Th2-type responses. Class | allergens (i.e. pollen, house dust mite,
and pollen) have allergenic components that can act as enzymes, while Class Il allergens (i.e. animal dander) do not exhibit enzymatic activity. Class |
allergens contain glycans that can bind directly to Dectin-2 whereas more homogenous protein allergens like animal dander must form antigen-specific
IgG immune complexes that can activate FcyRIIl. Ligation of these receptors on DCs leads to signaling through FcRy, which upregulates the
transcription factor IRF4 as well as IL-33 and IL-10 to promote development of DC™2 cells and allergic airway inflammation. TSLP signaling through
TSLPR on dendritic cells induces activation of STAT5 and mediates the functionality of dendritic cells to drive Th2-type responses.
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DC™ cells. Furthermore, a comprehensive understanding
of DC'™? differentiation should include investigating
whether or not other binding partners of STATS and
IRF4 are involved in this process including PU.1, SpiB,
IRFS8, and others [51]. Together, the identification of
STATS and IRF4 expression in DC'™ cells further sup-
ports the emerging model thata distinct genetic signature is
upregulated in DCs to promote Th2 responses.

Activation of specific receptors on DCs can
promote Th2 responses

Clarification of the transcriptional regulation of D
cells has led to significant interest in determining what
receptors allergens are signaling through to promote
DC'™2 cells. Allergic responses can be generated against
functionally and structurally distinct allergens, and one of
the unresolved questions in the field is how different
allergens are able to lead to a similar outcome of Th2-
mediated inflammation. Allergens have been classified
based on their enzymatic activity: Class I allergens (i.e.
dust mite and cockroach) have allergenic components
that can act as enzymes, while Class II allergens (i.e.
animal dander) do not exhibit enzymatic activity [62].
Several receptors on DCs that bind to Th2 stimuli and
lead to DG cells have been identified including house
dust mite (HDM) and Aspergillus fumigarus binding to
Dectin-2 [63], [gG-immune complexes (IgG-1Cs) bind-
ing to FeyRIII [64°], IgE-1Cs binding to FceRI [27], and
glycosylated allergens binding to the mannose receptor
[65]. Recently, we identified FcRy-associated receptors
as a common pathway used by both Class I (HDM) and
Class II (IgG-ICs) allergen to promote DC ™ cells [66°°].
FcRyy is a signaling chain associated with multiple recep-
tors including Dectin-2, FcyRI (CD64), FeyRIII (CD16),
and FceRI [67,68]. Signaling CD11b" DCs through either
Dectin-2 or FeyRIII, in conjunction with a TT.R4 signal,
led to the induction of IRF4 and I1.-33 dependent Th2
responses in the lungs (Figure 1) [15°°,64°,66°°,69]. Inter-
estingly, antigen uptake of ICs and HDM was shown to
preferentially occur in both CD11b* ¢DCs and CD11b*
moDCs further supporting their role as DC'™ cells
[24°°,64°]. Thus, differential expression of FcRy-associ-
ated receptors on CD11b* DCs may be one mechanism to
explain why specific DC subsets are more likely to skew
toward a 'T'h2 phenotype.

CThZ

Conclusion

In the past several years, there have been significant
advances in our understanding of the requirements for
the development of DC'™ cells. It is now clear that
distinct DC subsets can upregulate specific transcrip-
tional programs to promote Th2 responses. Studies have
clearly demonstrated that DC'™ cells upregulate a
specific genetic signature including STATS and IRF4,
and thus, DC polarization of Th2 differentiation is an
active process similar to the DCs that promote of Th1 or
Th17 responses and should no longer be thought of as a

default pathway. Although our understanding of DCT"?
cells has significantly increased in the past few years,
there are still questions that remain unanswered.
Standardization of identification of DC'™ cells in the
tissues needs to be established; conclusions about pCth?
cells activation, genetic signature, and function iz vivo is
limited by the lack of consistent markers for these cells.
Future investigations into the ontogeny of DC'™"? cells
will create a more complete understanding of the tran-
scriptional regulation that drives DC'™"? differentiation.
Lastly, although our study identified one pathway
through FcRy-associated receptors on DC'™ cells uti-
lized by Th2 stimuli, other pathways allergens may
activate in DCs to initiate a 'Th2 inflammatory response
remains unknown. Allergens which do not bind to FcRy-
associated receptors including lipocalins, diesel particles,
chemicals and dyes, amines, indicates that other pathways
are playing a role in mediating the development of DC'"?
cells. Understanding the mechanisms by which DG
cells develop and function will provide essential infor-
mation on how Type-2 responses /# vivo are instigated,
and how they may be effectively regulated therapeuti-
cally to reduce the pathology of Type-2 diseases such as
asthma, atopic dermatitis, and allergies.

Conflict of interest
The authors have declared that no conflict of interest
exists

Acknowledgements

This work was supported by NIH R21A1094408, NIH RO1HIL.118758, NIH
U19 AI095230, and a Naomi Ragins-Goldsmith Fellowship, University of
Chicago (to MLY.T").

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

o of special interest
ee Of outstanding interest

1. Walsh KP, Mills KH: Dendritic cells and other innate
determinants of T helper cell polarisation. Trends Immunol
2013, 34:521-530.

2. Pulendran B, Tang H, Manicassamy S: Programming dendritic
cells to induce T(H)2 and tolerogenic responses. Nat Immunol
2010, 11:647-655.

3. Wang ZE, Reiner SL, Zheng S, Dalton DK, Locksley RM: CD4*
effector cells default to the Th2 pathway in interferon gamma-
deficient mice infected with Leishmania major. J Exp Med
1994, 179:1367-1371.

4. Mattner F, Di Padova K, Alber G: Interleukin-12 is indispensable
for protective immunity against Leishmania major. Infect
Immun 1997, 65:4378-4383.

5. Sypek JP, Chung CL, Mayor SE, Subramanyam JM, Goldman SJ,
Sieburth DS, Wolf SF, Schaub RG: Resolution of cutaneous
leishmaniasis: interleukin 12 initiates a protective T helper
type 1 immune response. J Exp Med 1993, 177:1797-1802.

6. Heinzel FP, Rerko RM, Ahmed F, Peariman E: Endogenous IL-12
is required for control of Th2 cytokine responses capable of
exacerbating leishmaniasis in normally resistant mice. J
Immunol 1995, 155:730-739.

www.sciencedirect.com

Current Opinion in Immunology 2014, 31:44-50


http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0005
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0005
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0005
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0010
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0010
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0010
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0015
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0015
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0015
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0015
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0020
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0020
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0020
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0025
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0025
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0025
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0025
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0030
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0030
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0030
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0030

48 Allergy and hypersensitivity

7. Maldonado-Lopez R, De Smedt T, Michel P, Godfroid J, Pajak B,
Heirman C, Thielemans K, Leo O, Urbain J, Moser M: CD8alpha*
and CD8alpha™ subclasses of dendritic cells direct the
development of distinct T helper cells in vivo. J Exp Med 1999,
189:587-592.

8. Schnare M, Barton GM, Holt AC, Takeda K, Akira S, Medzhitov R:
Toll-like receptors control activation of adaptive immune
responses. Nat Immunol 2001, 2:947-950.

9. Stumbles PA, Thomas JA, Pimm CL, Lee PT, Venaille TJ,
Proksch S, Holt PG: Resting respiratory tract dendritic cells
preferentially stimulate T helper cell type 2 (Th2) responses
and require obligatory cytokine signals for induction of Th1
immunity. J Exp Med 1998, 188:2019-2031.

10. van Panhuys N, Klauschen F, Germain RN: T-cell-receptor-
dependent signal intensity dominantly controls CD4(+) T Cell
polarization in vivo. Immunity 2014, 41:63-74.

11. Boutin Y, Leitenberg D, Tao X, Bottomly K: Distinct biochemical
signals characterize agonist- and altered peptide ligand-
induced differentiation of naive CD4* T cells into Th1 and Th2
subsets. J Immunol 1997, 159:5802-5809.

12. Hosken NA, Shibuya K, Heath AW, Murphy KM, O’Garra A: The
effect of antigen dose on CD4* T helper cell phenotype
developmentinaT cell receptor-alpha beta-transgenic model.
J Exp Med 1995, 182:1579-1584.

13. Rulifson IC, Sperling Al, Fields PE, Fitch FW, Bluestone JA: CD28
costimulation promotes the production of Th2 cytokines. J
Immunol 1997, 158:658-665.

14. Vander Lugt B, Khan AA, Hackney JA, Agrawal S, Lesch J, Zhou M,

ee Lee WP, Park S, Xu M, DeVoss J et al.: Transcriptional
programming of dendritic cells for enhanced MHC class Il
antigen presentation. Nat Immunol 2014, 15:161-167.

This study demonstrates that IRF4-deficient DCs have a decreased ability

to form peptide-MHC Il complexes and reduced priming of CD4* T cells.

Retroviral transduction of IRF4-deficient DCs with IRF4 was sufficient to

restore their ability to present antigen to and prime CD4* T cells.

15. Williams JW, Tjota MY, Clay BS, Vander Lugt B, Bandukwala HS,

ee Hrusch CL, Decker DC, Blaine KM, Fixsen BR, Singh H et al.:
Transcription factor IRF4 drives dendritic cells to promote Th2
differentiation. Nat Commun 2013, 4:2990.

This investigation identified upregulation of IRF4 in DCs upon activation

with Th2 stimuli. IRF4 expression in DCs was found to promote Th2

differentiation by directly targeting and activating the //70 and /I33 genes

in DCs.

16. Gao Y, Nish SA, Jiang R, Hou L, Licona-Limon P, Weinstein JS,
ee Zhao H, Medzhitov R: Control of T helper 2 responses by
transcription factor IRF4-dependent dendritic cells. Immunity
2013, 39:722-732.
In this study, IRF4 was shown to control the differentiation and function of
the PDL2*CD301b* subset of DCs. This subset controlled Th2 differen-
tiation in an IRF4-dependent manner in both an allergic airway inflamma-
tion model using a protease allergen as well as during infection with
Nippostrongylus brasiliensis.

17. Kitajima M, Ziegler SF: Cutting edge: identification of the thymic
stromal lymphopoietin-responsive dendritic cell subset
critical for initiation of type 2 contact hypersensitivity. J
Immunol 2013, 191:4903-4907.

18. Matsushima H, Geng S, Lu R, Okamoto T, Yao Y, Mayuzumi N,
Kotol PF, Chojnacki BJ, Miyazaki T, Gallo RL et al.: Neutrophil
differentiation into a unique hybrid population exhibiting dual
phenotype and functionality of neutrophils and dendritic cells.
Blood 2013, 121:1677-1689.

19. MacDonald AS, Maizels RM: Alarming dendritic cells for Th2
induction. J Exp Med 2008, 205:13-17.

20. ZhuJ, Yamane H, Paul WE: Differentiation of effector CD4 T cell
populations. Annu Rev Immunol 2010, 28:445-489.

21. Murakami R, Denda-Nagai K, Hashimoto S, Nagai S, Hattori M,
Irimura T: A unique dermal dendritic cell subset that skews the
immune response toward Th2. PLoS ONE 2013, 8:e73270.

22. Leon B, Lopez-Bravo M, Ardavin C: Monocyte-derived dendritic
cells formed at the infection site control the induction of

protective T helper 1 responses against Leishmania. Immunity
2007, 26:519-531.

23. Miller JC, Brown BD, Shay T, Gautier EL, Jojic V, Cohain A,
Pandey G, Leboeuf M, Elpek KG, Helft J et al.: Deciphering the
transcriptional network of the dendritic cell lineage. Nat
Immunol 2012, 13:888-899.

24. Plantinga M, Guilliams M, Vanheerswynghels M, Deswarte K,

ee Branco-Madeira F, Toussaint W, Vanhoutte L, Neyt K, Killeen N,
Malissen B et al.: Conventional and monocyte-derived
CD11b(+) dendritic cells initiate and maintain T helper 2 cell-
mediated immunity to house dust mite allergen. /mmunity 2013,
38:322-335.

Both CD11b* cDCs and CD11b* moDCs were demonstrated to be

sufficient for HDM-mediated airway inflammation. CD11b* cDCs were

responsible for taking up antigen and migrating to the mediastinal lymph

node to prime T cells while CD11b* moDCs produced several chemo-

kines in the lungs to attract other innate and adaptive immune cells.

25. Thornton EE, Looney MR, Bose O, Sen D, Sheppard D, Locksley R,

e Huang X, Krummel MF: Spatiotemporally separated antigen
uptake by alveolar dendritic cells and airway presentationto T
cells in the lung. J Exp Med 2012, 209:1183-1199.

Using two-photon microscopy of the lung parenchyma, this investigation

found that CD11b* DCs accumulated around the airways after allergen

challenge. This study suggests that antigen-retaining DCs and antigen-
specific T cells accumulate near the airway and promote airway hyper-
responsiveness during secondary responses.

26. Mesnil C, Sabatel CM, Marichal T, Toussaint M, Cataldo D,
Drion PV, Lekeux P, Bureau F, Desmet CJ: Resident
CD11b(+)Ly6C(—) lung dendritic cells are responsible for
allergic airway sensitization to house dust mite in mice. PLoS
ONE 2012, 7:€53242.

27. Lauzon-Joset JF, Marsolais D, Langlois A, Bissonnette EY:
Dysregulation of alveolar macrophages unleashes dendritic
cell-mediated mechanisms of allergic airway inflammation.
Mucosal Immunol 2014, 7:155-164.

28. Nakano H, Burgents JE, Nakano K, Whitehead GS, Cheong C,
Bortner CD, Cook DN: Migratory properties of pulmonary
dendritic cells are determined by their developmental lineage.
Mucosal Immunol 2013, 6:678-691.

29. Kumamoto Y, Linehan M, Weinstein JS, Laidlaw BJ, Craft JE,
e |wasaki A: CD301b(+) dermal dendritic cells drive T helper

2 cell-mediated immunity. /mmunity 2013, 39:733-743.
This study identified a CD301b* dermal DC subset that was required to
mount Th2 responses in the skin. These DCs were shown to transport
antigen to the draining lymph node to promote Th2 differentiation.

30. Tamoutounour S, Guilliams M, Montanana Sanchis F, Liu H,
Terhorst D, Malosse C, Pollet E, Ardouin L, Luche H, Sanchez C
et al.: Origins and functional specialization of macrophages
and of conventional and monocyte-derived dendritic cells in
mouse skin. Immunity 2013, 39:925-938.

31. Larson RP, Comeau MR, Ziegler SF: Cutting edge: allergen-
specific CD4 T cells respond indirectly to thymic stromal
lymphopoietin to promote allergic responses in the skin. J
Immunol 2013, 190:4474-4477.

32. Cook D, Burgents J, Nakano H: Migratory properties of
pulmonary dendritic cells are developmentally programmed. J
Immunol 2012, 188:61-64.

33. Jakubzick C, Helft J, Kaplan TJ, Randolph GJ: Optimization of
methods to study pulmonary dendritic cell migration reveals
distinct capacities of DC subsets to acquire soluble versus
particulate antigen. J Immunol Methods 2008, 337:121-131.

34. Raymond M, Rubio M, Fortin G, Shalaby KH, Hammad H,
Lambrecht BN, Sarfati M: Selective control of SIRP-alpha-
positive airway dendritic cell trafficking through CD47 is
critical for the development of T(H)2-mediated allergic
inflammation. J Allergy Clin Immunol 2009, 124:1333-1342
e1331.

35. van Rijt LS, Jung S, Kleinjan A, Vos N, Willart M, Duez C,
Hoogsteden HC, Lambrecht BN: In vivo depletion of lung
CD11c* dendritic cells during allergen challenge abrogates
the characteristic features of asthma. J Exp Med 2005,
201:981-991.

Current Opinion in Immunology 2014, 31:44-50

www.sciencedirect.com


http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0035
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0035
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0035
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0035
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0035
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0035
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0040
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0040
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0040
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0045
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0045
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0045
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0045
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0045
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0050
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0050
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0050
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0055
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0055
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0055
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0055
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0055
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0060
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0060
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0060
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0060
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0060
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0065
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0065
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0065
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0070
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0070
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0070
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0070
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0075
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0075
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0075
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0075
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0080
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0080
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0080
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0080
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0085
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0085
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0085
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0085
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0090
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0090
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0090
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0090
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0090
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0095
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0095
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0100
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0100
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0105
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0105
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0105
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0110
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0110
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0110
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0110
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0115
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0115
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0115
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0115
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0120
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0120
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0120
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0120
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0120
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0120
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0125
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0125
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0125
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0125
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0130
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0130
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0130
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0130
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0130
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0135
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0135
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0135
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0135
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0140
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0140
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0140
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0140
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0145
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0145
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0145
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0150
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0150
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0150
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0150
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0150
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0155
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0155
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0155
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0155
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0160
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0160
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0160
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0165
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0165
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0165
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0165
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0170
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0170
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0170
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0170
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0170
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0170
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0175
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0175
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0175
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0175
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0175
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0175

Distinct DC subsets actively induce Th2 polarization Tjota and Sperling 49

36. Jakubzick C, Gautier EL, Gibbings SL, Sojka DK, Schlitzer A,

. Johnson TE, Ivanov S, Duan Q, Bala S, Condon T et al.: Minimal
differentiation of classical monocytes as they survey steady-
state tissues and transport antigen to lymph nodes. Immunity
2013, 39:599-610.

Although monocytes constitutively traffic into non-lymphoid and
lymphoid tissues, this investigation demonstrated that they do
not differentiation into macrophages or DCs under steady state
conditions. Furthermore, endogenous monocytes were able to trans-
port antigen to draining lymph nodes and participate in antigen
surveillance.

37. Provoost S, Maes T, Joos GF, Tournoy KG: Monocyte-derived
dendritic cell recruitment and allergic T(H)2 responses after
exposure to diesel particles are CCR2 dependent. J Allergy Clin
Immunol 2012, 129:483-491.

38. Hammad H, Chieppa M, Perros F, Willart MA, Germain RN,
Lambrecht BN: House dust mite allergen induces asthma via
Toll-like receptor 4 triggering of airway structural cells. Nat
Med 2009, 15:410-416.

39. Hohl TM, Rivera A, Lipuma L, Gallegos A, Shi C, Mack M,
Pamer EG: Inflammatory monocytes facilitate adaptive CD4 T
cell responses during respiratory fungal infection. Cell Host
Microbe 2009, 6:470-481.

40. Wythe SE, Dodd JS, Openshaw PJ, Schwarze J: 0X40 ligand and
programmed cell death 1 ligand 2 expression on inflammatory
dendritic cells regulates CD4 T cell cytokine production in the
lung during viral disease. J Immunol 2012, 188:1647-1655.

41. Rivera A, Hohl TM, Collins N, Leiner I, Gallegos A, Saijo S,
Coward JW, Iwakura Y, Pamer EG: Dectin-1 diversifies
Aspergillus fumigatus-specific T cell responses by inhibiting

51.

52.

53.

54.

55.

dendritic cells and IL-10. Proc Natl Acad Sci U S A 2014,
111:11810-11815.

Khare A, Krishnamoorthy N, Oriss TB, Fei M, Ray P, Ray A: Cutting
edge: inhaled antigen upregulates retinaldehyde
dehydrogenase in lung CD103* but not plasmacytoid dendritic
cells to induce Foxp3 de novo in CD4* T cells and promote
airway tolerance. J Immunol 2013, 191:25-29.

van de Laar L, Coffer PJ, Woltman AM: Regulation of dendritic
cell development by GM-CSF: molecular control and
implications for immune homeostasis and therapy. Blood
2012, 119:3383-3393.

Liu YJ, Soumelis V, Watanabe N, Ito T, Wang YH, Malefyt Rde W,
Omori M, Zhou B, Ziegler SF: TSLP: an epithelial cell cytokine
that regulates T cell differentiation by conditioning dendritic
cell maturation. Annu Rev Immunol 2007, 25:193-219.

Leyva-Castillo JM, Hener P, Michea P, Karasuyama H, Chan S,
Soumelis V, Li M: Skin thymic stromal lymphopoietin initiates
Th2 responses through an orchestrated immune cascade. Nat
Commun 2013, 4:2847.

Melum GR, Farkas L, Scheel C, Van Dieren B, Gran E, Liu YJ,
Johansen FE, Jahnsen FL, Baekkevold ES: A thymic stromal
lymphopoietin-responsive dendritic cell subset mediates
allergic responses in the upper airway mucosa. J Allergy Clin
Immunol 2014, 134:613-621.

Bell BD, Kitajima M, Larson RP, Stoklasek TA, Dang K,
Sakamoto K, Wagner KU, Kaplan DH, Reizis B, Hennighausen L
et al.: The transcription factor STATS5 is critical in dendritic
cells for the development of TH2 but not TH1 responses. Nat
Immunol 2013, 14:364-371.

42.

T helper type 1 CD4 T cell differentiation. J Exp Med 2011,
208:369-381.

Parsons MW, Li L, Wallace AM, Lee MJ, Katz HR, Fernandez JM,
Saijo S, Iwakura Y, Austen KF, Kanaoka Y et al.: Dectin-2

This investigation found that specific deletion of STAT5 in DCs
impaired their ability to respond to TSLP and mount Th2 responses
in the skin and lungs. STAT5 deficient DCs failed to upregulate co-
stimulatory molecules, produce chemokines, and promote Th2 differ-
entiation.

regulates the effector phase of house dust mite-elicited
pulmonary inflammation independently from its role in
sensitization. J Immunol 2014, 192:1361-1371.
This study demonstrated that Dectin-2 was critical for HDM-mediated
inflammatory responses during the effector phase and that this response
was independent from its role during sensitization. They further identified
Dectin-2 expression on moDCs as being critical for HDM-induced CCL4
and CCL8 production.

43. Espinosa V, Jhingran A, Dutta O, Kasahara S, Donnelly R, Du P,
Rosenfeld J, Leiner I, Chen CC, Ron Y et al.: Inflammatory
monocytes orchestrate innate antifungal immunity in the lung.
PLoS Pathogens 2014, 10:e1003940.

44. Langlet C, Tamoutounour S, Henri S, Luche H, Ardouin L,
Gregoire C, Malissen B, Guilliams M: CD64 expression
distinguishes monocyte-derived and conventional dendritic
cells and reveals their distinct role during intramuscular
immunization. J Immunol 2012, 188:1751-1760.

45. Schlitzer A, McGovern N, Teo P, Zelante T, Atarashi K, Low D,
Ho AW, See P, Shin A, Wasan PS et al.: IRF4 transcription factor-
dependent CD11b* dendritic cells in human and mouse
control mucosal IL-17 cytokine responses. Immunity 2013,
38:970-983.

46. Ohyagi H, Onai N, Sato T, Yotsumoto S, Liu J, Akiba H, Yagita H,
Atarashi K, Honda K, Roers A et al.: Monocyte-derived dendritic
cells perform hemophagocytosis to fine-tune excessive
immune responses. Immunity 2013, 39:584-598.

47. Nakano H, Free ME, Whitehead GS, Maruoka S, Wilson RH,
Nakano K, Cook DN: Pulmonary CD103(+) dendritic cells prime
Th2 responses to inhaled allergens. Mucosal Immunol 2012,
5:53-65.

48. Kurotaki D, Osato N, Nishiyama A, Yamamoto M, Ban T, Sato H,
Nakabayashi J, Umehara M, Miyake N, Matsumoto N et al.:
Essential role of the IRF8-KLF4 transcription factor cascade in
murine monocyte differentiation. Blood 2013, 121:1839-1849.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Massacand JC, Stettler RC, Meier R, Humphreys NE, Grencis RK,
Marsland BJ, Harris NL: Helminth products bypass the need for
TSLP in Th2 immune responses by directly modulating
dendritic cell function. Proc Natl Acad Sci U S A 2009,
106:13968-13973.

Jang S, Morris S, Lukacs NW: TSLP promotes induction of Th2
differentiation but is not necessary during established
allergen-induced pulmonary disease. PLoS ONE 2013,
8:e56433.

Licona-Limon P, Kim LK, Palm NW, Flavell RA: Th2, allergy and
group 2 innate lymphoid cells. Nat Immunol 2013, 14:536-542.

Bashyam H: Th1/Th2 cross-regulation and the discovery of
IL-10. J Exp Med 2007, 204:237.

Bajana S, Roach K, Turner S, Paul J, Kovats S: IRF4 promotes
cutaneous dendritic cell migration to lymph nodes
during homeostasis and inflammation. J Immunol 2012,
189:3368-3377.

Persson EK, Uronen-Hansson H, Semmrich M, Rivollier A,
Hagerbrand K, Marsal J, Gudjonsson S, Hakansson U, Reizis B,
Kotarsky K et al.: IRF4 transcription-factor-dependent
CD103(+)CD11b(+) dendritic cells drive mucosal T helper

17 cell differentiation. /mmunity 2013, 38:958-969.

Erwin EA, Platts-Mills TA: Allergens. Immunol Allergy Clin N Am
2005, 25:1-14.

Barrett NA, Maekawa A, Rahman OM, Austen KF, Kanaoka Y:
Dectin-2 recognition of house dust mite triggers cysteinyl
leukotriene generation by dendritic cells. J Immunol 2009,

182:1119-1128.

Tjota MY, Williams JW, Lu T, Clay BS, Byrd T, Hrusch CL,
Decker DC, de Araujo CA, Bryce PJ, Sperling Al: IL-33-dependent
induction of allergic lung inflammation by FcgammaRIll
signaling. J Clin Invest 2013, 123:2287-2297.

49.

Engler DB, Reuter S, van Wijck Y, Urban S, Kyburz A, Maxeiner J,
Martin H, Yogev N, Waisman A, Gerhard M et al.: Effective
treatment of allergic airway inflammation with Helicobacter
pylori immunomodulators requires BATF3-dependent

This study demonstrated that allergen-specific IgG-immune complexes
formed during secondary responses promoted type 2-mediated airway
inflammation by activating DCs to upregulate IL-33 downstream of
FcyRIll signaling.

www.sciencedirect.com

Current Opinion in Immunology 2014, 31:44-50


http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0180
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0180
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0180
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0180
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0180
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0185
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0185
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0185
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0185
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0190
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0190
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0190
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0190
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0195
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0195
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0195
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0195
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0200
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0200
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0200
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0200
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0205
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0205
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0205
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0205
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0205
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0210
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0210
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0210
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0210
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0210
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0215
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0215
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0215
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0215
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0220
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0220
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0220
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0220
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0220
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0225
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0225
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0225
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0225
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0225
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0225
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0230
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0230
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0230
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0230
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0235
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0235
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0235
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0235
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0240
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0240
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0240
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0240
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0245
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0245
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0245
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0245
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0245
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0245
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0250
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0250
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0250
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0250
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0250
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0250
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0250
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0255
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0255
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0255
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0255
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0260
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0260
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0260
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0260
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0265
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0265
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0265
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0265
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0270
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0270
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0270
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0270
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0270
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0275
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0275
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0275
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0275
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0275
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0280
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0280
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0280
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0280
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0280
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0285
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0285
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0285
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0285
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0290
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0290
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0295
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0295
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0300
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0300
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0300
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0300
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0305
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0305
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0305
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0305
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0305
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0310
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0310
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0315
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0315
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0315
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0315
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0320
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0320
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0320
http://refhub.elsevier.com/S0952-7915(14)00112-5/sbref0320

50

65.

66.

This investigation identified a common signaling pathway utilized by two
different Th2 stimuli: immune complexes and house dust mite. Both Th2
stimuli signaled through FcRy-associated receptors on DCs to upregulate
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