Eur. J. Immunol. 2015. 45: 971-974 DOI: 10.1002/eji.201545524

HIGHLIGHTS

Bcl-3 puts the brakes on contact hypersensitivity
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B-cell lymphoma (Bcl)-3 is a nonclassical member of the IkB protein family known to
interact with transcriptionally inactive NF-kB1 and NF-kB2 homodimers to modulate gene
expression. Besides its action as an oncoprotein, Bcl-3 has been shown to have both
proinflammatory and anti-inflammatory functions depending on the cell-type affected.
In this issue of the European Journal of Immunology, Tassi et al. [Eur. J. Immunol. 2015. 45:
1059-1068] report that Bcl-3 inhibits the production of the proinflammatory chemokines
CXCL9 and CXCL10 in keratinocytes, thereby restricting the influx of CD8* effector T
cells in a mouse model of allergic contact dermatitis. In addition, mice with a global
deficiency of Bcl-3 show enhanced ear swelling responses in the late phase of contact
hypersensitivity responses. Besides keratinocytes, other radioresistant cell types appear
to also utilize Bcl-3 to dampen the inflammatory response. This Commentary will discuss
the evidence supporting Bcl-3 as a critical player in limiting inflammation during the later

stages of contact hypersensitivity.
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g See accompanying article by Tassi et al.

Allergic contact dermatitis is a common form of skin allergy that
affects 5-10% of the population in western countries, often as
a result of occupational exposure to contact sensitizers, such as
metal ions or small reactive chemicals contained in cosmetics, fra-
grances, or paints [1]. Because of their small size, contact sensitiz-
ers easily penetrate the skin and, as reactive haptens, covalently
bind and modify self-proteins. Such modified self-peptides are pro-
cessed by skin-resident DCs and induce adaptive T-cell responses
[1]. More recently, contact sensitizers have been shown to act as
adjuvants themselves, initiating innate immune reactions through
the stimulation of TLRs and activation of the inflammasome [2, 3].
In mice, allergic contact dermatitis is usually modeled as a contact
hypersensitivity (CHS) reaction, consisting of a sensitization and
an elicitation phase.
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In the present issue of the European Journal of Immunology,
Tassi et al. [4] employ the mouse model of CHS to investigate
the function of B-cell lymphoma (Bcl)-3, a transcription factor of
the IkB family, in the context of this allergic skin reaction. Bcl-
3 is an atypical member of the IkB family, which includes IxBt
and IkBNS (for review see [5]). The classical IkB proteins IkBa,
IkBB, and IkBe primarily retain and inhibit NF-kB in the cytoplasm,
and are subjected to inducible degradation to allow for activation
and nuclear translocation of NF-kB factors [6]. In contrast, Bcl-
3 binds to p50/NF-kB1 or p52/NF-kB2 homodimers and renders
them transcriptionally active, resulting in either a transactivating
or an inhibitory complex, depending on the cellular context and
the relevant target gene [5]. Likewise, Bcl-3 was shown to inter-
act with histone acetyl transferases as well as histone deacety-
lases [5]. Because of this functional ambiguity in transcriptional
regulation, Bcl-3 has been shown to act in either pro- or anti-
inflammatory capacities in different disease models. For example,
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Figure 1. Suppressive role of Bcl-3 in CHS. Contact allergens, such as oxazolone, activate the innate immune system of the skin, leading to the
recruitment of neutrophils in the early phase of CHS (left). In the late phase (right), chemokines such as CXCL2, CXCL5, CXCL9, or CXCL10 are
produced and attract IFN-y-producing CD8* T cells besides neutrophils. IFN-y activates keratinocytes to enhance production of CXCL9 and CXCL10,
thereby amplifying the inflammatory response by recruiting more effector T cells via CXCR3. Expression of Bcl-3 in radioresistant cells was shown
by Tassi et al. [4] to block the production of inflammatory chemokines and thus downregulate leukocyte infiltration to the site of CHS induction.
In particular, Bcl-3 expression in keratinocytes selectively inhibits the release of CXCL9 and CXCL10 and therefore restricts the inflammatory

response.

production of IL-17 and development of autoimmune diabetes was
found to be enhanced in Bcl-3-deficient NOD mice [7], whereas
Bcl-3 deficiency was shown to protect mice from development of
chemical-induced colitis due to enhanced proliferation of intesti-
nal epithelial cells [8].

The Siebenlist laboratory has made seminal contributions to
understanding the biological function of Bcl-3 as an oncoprotein
[9, 101, in the control of bacterial infection [11], as well as devel-
opment of immunological tolerance and autoimmunity [12, 13].
In this issue, Tassi et al. [4] analyze the responsiveness of Bcl-3-
deficient mice to contact hypersensitivity induced by the contact
sensitizers oxazolone or dinitrofluorobenzene. Interestingly, Bcl-3-
deficient mice were shown to develop an enhanced and prolonged
ear swelling response particularly in the later phase of elicitation,
at 48-96 h after chemical challenge, which is known to mainly
depend on the influx of CD8* Tc1 and Tcl7 cells (Fig. 1) [1]. At
this stage, significantly enhanced numbers of both CD8™' T cells
and neutrophils were detected in the inflamed ears of Bcl3~/~
mice compared with that in WT controls, whereas no differences
were observed during the early phase after elicitation. In addi-
tion, a higher proportion of the infiltrating T cells in Bcl3~/~ mice
stained positive for IFN-y. The authors also demonstrate that vari-
ous inflammatory chemokines, such as CXCL2, CXCL5, CXCL9, and
CXCL10, were upregulated at the transcriptional level in allergen-
treated ears at 48-96 h after challenge. These chemokines are all
known to be inducible by IFN-y (Fig. 1) [14]. Whereas CXCL2
and CXCL5 mainly attract neutrophils, CXCL9 and CXCL10 are
predominantly responsible for the attraction of effector T cells
expressing the chemokine receptor CXCR3 [15]. The findings of
an inhibitory role of Bcl-3 in CHS described by Tassi et al. [4] are
somewhat unexpected, as a previous study in humans indicated a
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pathogenic role of Bcl-3 in the development of atopic dermatitis
[16]. There, it was shown that Bcl-3 was upregulated in lesional
skin regions of atopic dermatitis patients, and that silencing Bcl-
3 enhanced the production of anti-microbial peptides (AMPs) in
primary human keratinocytes stimulated with IL-4 and IL-13, sug-
gesting that Bcl-3 negatively regulates AMP production [16]. The
dominance of Th2 cytokines is characteristic of the acute phase
of atopic dermatitis and reduced production of AMPs may explain
the high susceptibility of these patients for superficial infection
with Staphylococcus aureus [17]. The CHS model investigated by
Tassi et al. [4], on the other hand, is characterized by enhanced
production of the Th1/Tc1 cytokine IFN-y, which may explain the
different role of Bcl-3 in these two different forms of allergic skin
reactions. As a proinflammatory chemokine involved in the patho-
genesis of both CHS and atopic dermatitis we previously identified
CCL17 that not only promotes the influx of effector T cells into the
lesional skin, but also participates in the initiation of DC emigra-
tion from the skin to the draining lymph nodes after sensitization
[18, 19].

Based on the observation that complete deficiency of Bcl-3
enhances skin inflammation in CHS, Tassi et al. [4] went on
to study the cell-type specific functions of this transcriptional
regulator. The authors first investigated the function of Bcl-3 in
hematopoietic versus nonhematopoietic cells by generating bone
marrow chimeras. These experiments clearly showed that Bcl-3
deficiency in radioresistant cells is responsible for the prolonged
ear swelling response observed in Bcl-3-deficient mice. When
Bcl-3-deficient bone marrow cells were transplanted into WT
recipients, the CHS reaction was slightly ameliorated, in line
with previous findings by the same group showing that mice
harboring a DC-specific deletion of Bcl-3 develop reduced ear
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swelling responses already at 24 h past challenge [20]. In this
case, deletion of Bcl-3 was achieved by crossing Bcl-3flox mice
to the CD11cCre line, which besides DCs may also delete floxed
target genes in a sizeable proportion of T cells [21]. Thus, the
Bcl-3-dependent downregulation of the CHS response in radiore-
sistant cells appears to dominate over a possible enhancement
of the hypersensitivity response via the action of Bcl-3 within
bone marrow-derived myeloid cells. To identify the radioresistant
cell type responsible for this effect, Tassi et al. [4] analyzed
two further conditional Bcl-3 knockouts: keratinocyte-specific
Bcl-3 deletion, using K5-Cre mice, or Langerhans cells (LCs)-
specific Bcl-3 deletion, using Langerin-Cre mice. Interestingly,
the absence of Bcl-3 in keratinocytes was found to be responsible
for the enhanced production of the IFN-y-dependent chemokines
CXCL9 and CXCL10 in the skin (Fig. 1). The identification of
keratinocytes as the main producers of CXCL9 and CXCL10 was
further supported by quantification of cxcl9 and cxcl10 in epi-
dermal and dermal cell isolates from oxazolone-treated WT and
Bcl-37/~ mice. Also in this case, transcription of cxcl9 and cxcl10
was mainly observed in the epidermis. In line with the enhanced
production of these T-cell-attractant chemokines, the ear skin
of keratinocyte-specific Bcl-3 knockout mice was more heavily
infiltrated by IFN-y-producing CD8*' T cells than that of WT
controls. In contrast, neutrophil inflammation was similar in both
cases. When analyzing the LC-specific knockouts, the authors did
not observe changes in the responsiveness to oxazolone-induced
CHS at all. Thus, the phenotype of global Bcl3-deficient mice
was partially recapitulated by the keratinocyte-specific knockout
but not by the LC-specific knockout. The enhanced ear swelling
response of complete Bcl-3~/~ mice, however, was not observed
in the conditional knockouts, indicating that there must be other
radioresistant cell types in the skin in which Bcl-3 is of functional
importance for CHS development. Tassi et al. speculate that such
cells may be dermal fibroblasts, adipocytes, endothelial cells, or
perhaps a radioresistant subset of dermal DCs. Another possibility
would be that dendritic epidermal T cells, which are in close
physical contact with keratinocytes and which have been shown
to play a key role in CHS [22], are also involved. In fact, dendritic
epidermal T cells were previously demonstrated to be radioresis-
tant [23]. An alternative explanation may be that several different
radioresistant cells types act together to downregulate the CHS
response in a Bcl-3 dependent manner (Fig. 1).

Given that they are positioned at the outermost layer of the
skin, keratinocytes represent important sensors of skin irritants,
UV light, injury, and infection [24]. They are known to express
a large variety of pattern recognition receptors that recognize
pathogen-associated molecular patterns as well as exogenous
and endogenous danger signals. Contact sensitizers such as oxa-
zolone and dinitrofluorobenzene trigger the production of reactive
oxygen species in keratinocytes that, in turn, lead to degradation
of hyaluronic acid and stimulation of TLRs, as well as release of
ATP and activation of the inflammasome [2, 3]. As a result, ker-
atinocytes exposed to such external stresses are capable of acti-
vating innate immune mechanisms and driving the production
of proinflammatory cytokines and chemokines. Besides CXCL9
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and CXCL10, CCL8 has also been described recently as an IFN-
y-inducible chemokine in keratinocytes that is upregulated in the
context of CHS. This was demonstrated by analysis of keratinocyte-
specific conditional knockout mice for the cannabinoid receptor-1
that is otherwise mainly expressed in neurons to control pain per-
ception and facilitate the extinction of aversive memories [25].
Exposure of keratinocytes to UV light has been shown to activate
innate immune mechanisms through the release of high mobility
group box 1, a ligand of TLR4, which acts on myeloid cells in a
MyD88-dependent manner and mainly enhances the influx of neu-
trophils into the skin [26]. Furthermore, UV light has been shown
to enable the production of vitamin D3 from 7-dehydrocholesterol
in the skin, which in turn enhances the release of AMPs, a process
that is also regulated by Bcl-3 [16]. Thus, keratinocyte activation
by environmental danger signals critically contributes to immune
defenses in the skin, but needs to be properly controlled to prevent
adverse immune reactions.

In conclusion, from the work of Tassi et al. [4] Bcl-3 can be
added to the list of important modulators of allergic immune reac-
tions in the skin, with specific functionality in radioresistant cells,
including keratinocytes. The actual molecular partners of Bcl-3 in
different cell types remain to be elucidated, as well as the manner
in which these factors influence the production of innate immune
mediators at the transcriptional and posttranscriptional level.

The work of the authors is supported by
the Deutsche Forschungsgemeinschaft (SFB704, project Al (to
IF); WE 2625/2-1 to (H.W.)), the Jiirgen-Manchot Foundation (to
H.W. and L.F.) and the SAW program of the Leibniz Association
(to H.W.). LF. is a member of the DFG funded Bonn Cluster of
Excellence “ImmunoSensation.”

The authors declare no financial or commer-
cial conflict of interest.

References

1 Honda, T., Egawa, G., Grabbe, S. and Kabashima, K., Update of immune
events in the murine contact hypersensitivity model: toward the under-
standing of allergic contact dermatitis. J. Invest. Dermatol. 2013. 133: 303-
315.

N

Martin, S. F., Esser, P. R., Weber, F. C., Jakob, T., Freudenberg, M. A.,
Schmidt, M. and Goebeler, M., Mechanisms of chemical-induced innate
immunity in allergic contact dermatitis. Allergy 2011. 66: 1152-1163.

w

Kaplan, D. H., Igyarto, B. Z. and Gaspari, A. A., Early immune events in
the induction of allergic contact dermatitis. Nat. Rev. Immunol. 2012. 12:
114-124.

4 Tassi, L., Rikhi, N., Claudio, E., Wang, H., Tang, W., Ha, H. L., Saret, S.
et al., The NF-kappaB regulator Bcl-3 modulates inflammation during
contact hypersensitivity reactions in radioresistant cells. Eur. J. Immunol.
2015.

wWww.eji-journal.eu

973



W 974

Heike Weighardt and Irmgard Forster

V]

(9]

~N

oo

e}

10

11

12

13

14

15

16

17

18

Schuster, M., Annemann, M., Plaza-Sirvent, C. and Schmitz, 1., Atypi-
cal IkappaB proteins—nuclear modulators of NF-kappaB signaling. Cell
Commun. Signal. 2013. 11: 23.

Hayden, M. S. and Ghosh, S., NF-kappaB, the first quarter-century:
remarkable progress and outstanding questions. Genes Dev. 2012. 26: 203-
234.

Ruan, Q., Zheng, S. J., Palmer, S., Carmody, R. J. and Chen, Y. H., Roles
of Bcl-3 in the pathogenesis of murine type 1 diabetes. Diabetes 2010. 59:
2549-2557.

O’Carroll, C., Moloney, G., Hurley, G., Melgar, S., Brint, E., Nally, K.,
Nibbs, R. J. et al,, Bcl-3 deficiency protects against dextran-sodium
sulphate-induced colitis in the mouse. Clin. Exp. Immunol. 2013. 173:
332-342.

Bours, V., Franzoso, G., Azarenko, V., Park, S., Kanno, T., Brown, K.
and Siebenlist, U., The oncoprotein Bcl-3 directly transactivates through
kappa B motifs via association with DNA-binding p50B homodimers. Cell
1993. 72: 729-739.

Liu, Z.,Jiang, Y.,Hou, Y., Hu, Y., Cao, X., Tao, Y., Xu, C. et al., The IkappaB
family member Bcl-3 stabilizes c-Myc in colorectal cancer. J. Mol. Cell Biol.
2013. 5: 280-282.

Pene, F., Paun, A., Sonder, S. U,, Rikhi, N., Wang, H., Claudio, E. and
Siebenlist, U., The IkappaB family member Bcl-3 coordinates the pul-
monary defense against Klebsiella pneumoniae infection. J. Immunol.
2011. 186: 2412-2421.

Zhang, X., Wang, H., Claudio, E., Brown, K. and Siebenlist, U., A role for
the IkappaB family member Bcl-3 in the control of central immunologic
tolerance. Immunity 2007. 27: 438-452.

Tang, W., Wang, H., Claudio, E., Tassi, I., Ha, H. L., Saret, S. and Sieben-
list, U., The oncoprotein and transcriptional regulator Bcl-3 governs plas-
ticity and pathogenicity of autoimmune T cells. Immunity 2014. 41: 555-
566.

Pastore, S., Mascia, F., Mariotti, F., Dattilo, C. and Girolomoni, G.,
Chemokine networks in inflammatory skin diseases. Eur. J. Dermatol.
2004. 14: 203-208.

Groom, J. R. and Luster, A. D., CXCR3 ligands: redundant, collaborative
and antagonistic functions. Immunol. Cell Biol. 2011. 89: 207-215.

Biichau, A. S., MacLeod, D. T., Morizane, S., Kotol, P. F., Hata, T. and
Gallo, R. L., Bcl-3 acts as an innate immune modulator by controlling
antimicrobial responses in keratinocytes. J. Invest. Dermatol. 2009. 129:
2148-2155.

Bonness, S. and Bieber, T., Molecular basis of atopic dermatitis. Curr.
Opin. Allergy Clin. Immunol. 2007. 7: 382-386.

Alferink, J., Lieberam, I., Reindl, W., Behrens, A., Weiss, S., Hiiser, N.,
Gerauer, K. et al.,, Compartmentalized production of CCL17 in vivo: strong

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

19

20

2

-

22

23

24

2

[}

26

Eur. J. Immunol. 2015. 45: 971-974

inducibility in peripheral dendritic cells contrasts selective absence from
the spleen. J. Exp. Med. 2003. 197: 585-599.

Stutte, S., Quast, T., Gerbitzki, N., Savinko, T., Novak, N., Reifenberger, J.,
Homey, B. et al., Requirement of CCL17 for CCR7- and CXCR4-dependent
migration of cutaneous dendritic cells. Proc. Natl. Acad. Sci. USA 2010. 107:
8736-8741.

Tassi, 1., Claudio, E., Wang, H., Tang, W., Ha, H. L., Saret, S.,
Ramaswamy, M. et al., The NF-kappaB regulator Bcl-3 governs dendritic
cell antigen presentation functions in adaptive immunity. J. Immunol.
2014. 193: 4303-4311.

Kohler, T., Reizis, B., Johnson, R. S., Weighardt, H. and Forster, 1., Influ-
ence of hypoxia-inducible factor lalpha on dendritic cell differentiation
and migration. Eur. J. Immunol. 2012. 42: 1226-1236.

Macleod, A. S. and Havran, W. L., Functions of skin-resident gammadelta
T cells. Cell Mol. Life Sci. 2011. 68: 2399-2408.

Honjo, M., Elbe, A., Steiner, G., Assmann, I., Wolff, K. and Stingl, G.,
Thymus-independent generation of Thy-1+ epidermal cells from a pool
of Thy-1- bone marrow precursors. J. Invest. Dermatol. 1990. 95: 562-567.

Nestle, F. O., Di Meglio, P., Qin, J. Z. and Nickoloff, B. J., Skin immune
sentinels in health and disease. Nat. Rev. Immunol. 2009. 9: 679-691.

Gaffal, E., Cron, M., Glodde, N., Bald, T., Kuner, R., Zimmer, A., Lutz, B.
and Tiiting, T., Cannabinoid 1 receptors in keratinocytes modulate proin-
flammatory chemokine secretion and attenuate contact allergic inflam-
mation. J. Immunol. 2013. 190: 4929-4936.

Bald, T., Quast, T., Landsberg, J., Rogava, M., Glodde, N., Lopez-Ramos,
D., Kohlmeyer, J. et al., Ultraviolet-radiation-induced inflammation pro-
motes angiotropism and metastasis in melanoma. Nature 2014. 507: 109-
113.

Abbreviations: AMP: anti-microbial peptide - Bcl-3: B-cell lymphoma-3 -

CHS: contact hypersensitivity - LC: Langerhans cell

Full correspondence: Prof. Irmgard Forster, Inmunology and
Environment, Life and Medical Sciences (LIMES) Institute, University
of Bonn, Carl-Troll-Strafde 31, 53115 Bonn, Germany

e-mail: irmgard.foerster@uni-bonn.de

Fax: +49-228-7362647

See accompanying article:
http://dx.doi.org/10.1002/eji.201444994

Received: 13/2/2015

Revised: 13/2/2015

Accepted: 19/2/2015

Accepted article online: 24/2/2015

www.eji-journal.eu



