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One of the most interesting issues in immunology is how the 
innate and adaptive branches of the immune system cooper-
ate in vertebrate organisms to respond and destroy invading 
microorganisms without destroying self-tissues. More than 
20  years ago, Charles Janeway proposed the innate immune 
recognition theory (1). He hypothesized the existence of innate 
receptors (Pattern recognition receptors, PRRs) that, by recogniz-
ing molecular structures associated to pathogens (PAMPs) and 
being expressed by antigen presenting cells (APCs) and epithelial 
cells, could alert the immune system to the presence of a patho-
gen, making it possible to mount an immediate inflammatory 
response. Moreover, by transducing the alert signal in professional 
APCs and inducing the expression of costimulatory molecules, 
these receptors could control the activation of lymphocytes bear-
ing clonal antigen-specific receptors, thereby promoting appro-
priate adaptive immune responses. Since adaptive immunity can 
be activated also following sterile inflammatory conditions, it 
was subsequently proposed by Polly Matzinger that the innate 
immune system could be also activated by endogenous danger 
signals, generically called danger associated molecular patterns 
(DAMPs) (2). The first prediction has been amply confirmed by 
the discovery of Toll-like receptors (3–5) and cytoplasmic PRRs 
such as RIG-like receptors (6). Other PRR families such as the 
NOD-like receptors and C-type lectins exert immunogenic or 
tolerogenic signals (7–9) and may recognize not strictly pathogens 
but also endogenous danger signals (10, 11).

Dendritic cells (DCs) have been identified as the cells of the 
innate immune system that, by sensing PAMPs or DAMPs trans-
duce signals to the nucleus. This leads to a transcriptional repro-
graming of DCs with the consequent expression of three signals, 
namely signal 1 (MHC + peptide), signal 2 (surface costimulatory 
molecules), and signal 3 (cytokines) necessary for the priming 
of antigen-specific naïve T cell responses (signal 1 and 2) and 
T cell polarization (signal 3). The reason why DCs are superior 
with respect to other professional APCs in naïve T cell activation 
has not been unequivocally defined. It has not been established 
whether DCs can provide a special “signal 2” or simply very high 
levels, compared with other APCs, of commonly expressed sig-
nals 1 and 2, so that a naïve T cell could reach the threshold of 
activation.

A second aspect of DC biology needs also to be taken into 
account. Concerning the question of how self-tissues are not 
destroyed following the initiation of adaptive immune responses, 
different mechanisms of central and peripheral auto-reactive T 

cell tolerization have been proposed (12). In particular, it has been 
defined that high affinity T cells are deleted in the thymus, while low 
affinity auto-reactive T cells or T cells specific for tissue-sequestered 
antigens that do not have access to the thymus are controlled in the 
periphery. In a simplified vision of how peripheral T cell tolerance 
could be induced and maintained, it was thought that, in resting 
conditions, immature DCs, expressing low levels of signal 1 and 
low or no levels of signal 2, were able to induce T cell unresponsive-
ness. Nevertheless, it is now clear that a fundamental contribution 
to the peripheral tolerance is due to the conversion of naïve T cells 
into peripheral regulatory T cells (pTreg cells) and it is also clear 
that DCs need to receive a specific conditioning to become able 
to induce pTreg cell differentiation. Even more intriguing is that 
also DCs activated through PRRs, with particular Toll-like receptor 
(TLR) agonists, are capable of generating pTreg cell conversion if 
these agonists induce the production of the appropriate cytokines. 
Thus, what is emerging is that immature DCs are not able to induce 
tolerance by default but need to receive specific signals in order to 
acquire the ability of transferring to T cells a tolerogenic, rather 
than an activatory, signal 2.

Given these premises, this special issue covers the following 
topics:

1.	 The responses induced specifically in DCs by PAMPs and 
DAMPs and the consequences of these responses.

2.	 The DAMP and PAMP receptors expressed by different DC 
subsets and the consequences in the activation of adaptive 
immune responses.

3.	 How DCs induce and maintain peripheral T cell tolerance and 
the stimuli that confer tolerogenicity.

References
	 1.	 Janeway CA Jr, Medzhitov R. Innate immune recognition. Annu Rev Immunol 

(2002) 20:197–216. doi: 10.1146/annurev.immunol.20.083001.084359
	 2.	 Matzinger P. Tolerance, danger, and the extended family. Annu Rev Immunol (1994) 

12:991–1045. doi: 10.1146/annurev.immunol.12.1.991
	 3.	 Blasius AL, Beutler B. Intracellular toll-like receptors. Immunity (2010) 32:305–15. 

doi: 10.1016/j.immuni
	 4.	 Iwasaki A, Medzhitov R. Toll-like receptor control of the adaptive immune 

responses. Nat Immunol (2004) 5:987–95. doi: 10.1038/ni1112
	 5.	 Kawai T, Akira S. Toll-like receptors and their crosstalk with other innate recep-

tors in infection and immunity. Immunity (2011) 34:637–50. doi: 10.1016/j.
immuni.2011.05.006

	 6.	 Goubau D, Deddouche S, Reis ESC. Cytosolic sensing of viruses. Immunity (2013) 
38:855–69. doi: 10.1016/j.immuni.2013.05.007

	 7.	 Osorio F, Reis e Sousa C. Myeloid C-type lectin receptors in pathogen recognition 
and host defense. Immunity (2011) 34:651–64. doi: 10.1016/j.immuni.2011.05.001

www.frontiersin.org	 July 2013  | Volume 4  |  Article 198  |  1

Editorial
published: 16 July 2013

doi: 10.3389/fimmu.2013.00198

http://www.frontiersin.org/Immunology/about
http://www.frontiersin.org/Immunology/
http://www.frontiersin.org/Antigen_Presenting_Cell_Biology/10.3389/fimmu.2013.00198/full
http://www.frontiersin.org/Antigen_Presenting_Cell_Biology/10.3389/fimmu.2013.00198/full
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=FrancescaGranucci&UID=29919
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=ManfredLutz&UID=29832
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=IvanZanoni&UID=34335
http://www.frontiersin.org/
http://www.frontiersin.org/Immunology/editorialboard
mailto:francesca.granucci@unimib.it
http://www.frontiersin.org/Antigen_Presenting_Cell_Biology/archive


	 8.	 Tang D, Kang R, Coyne CB, Zeh HJ, Lotze MT. PAMPs and DAMPs: signal 
0s that spur autophagy and immunity. Immunol Rev (2012) 249:158–75. doi: 
10.1111/j.1600-065X.2012.01146.x

	 9.	 Krishnaswamy JK, Chu T, Eisenbarth SC. Beyond pattern recognition: NOD-like recep-
tors in dendritic cells. Trends Immunol (2013) 34:224–33. doi: 10.1016/j.it.2012.12.003

	10.	 Sancho D, Reis e Sousa C. Sensing of cell death by myeloid C-type lectin receptors. 
Curr Opin Immunol (2013) 25:46–52. doi: 10.1016/j.coi.2012.12.007

	11.	 Latz E, Xiao TS, Stutz A. Activation and regulation of the inflammasomes. Nat 
Rev Immunol (2013) 13:397–411. doi: 10.1038/nri3452

	12.	 Xing Y, Hogquist KA. T-cell tolerance: central and peripheral. Cold Spring Harb 
Perspect Biol (2012) 4:doi: 10.1101/cshperspect.a006957

Received: 01 July 2013; accepted: 03 July 2013; published online: 16 July 2013.
Citations: Granucci F, Lutz MB and Zanoni I (2013) The nature of activatory and 
tolerogenic dendritic cell-derived signal 2. Front. Immunol. 4:198. doi: 10.3389/
fimmu.2013.00198
This article was submitted to Frontiers in Antigen Presenting Cell Biology, a specialty 
of Frontiers in Immunology.
Copyright © 2013 Granucci, Lutz and Zanoni. This is an open-access article distrib-
uted under the terms of the Creative Commons Attribution License, which permits 
use, distribution and reproduction in other forums, provided the original authors 
and source are credited and subject to any copyright notices concerning any third-
party graphics etc.

Frontiers in Immunology  |  Antigen Presenting Cell Biology	 	 July 2013  | Volume 4  |  Article 198  |  2

Granucci et al.	 Dendritic cell-derived signal 2

http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Antigen_Presenting_Cell_Biology/archive
http://www.frontiersin.org/Antigen_Presenting_Cell_Biology

	The nature of activatory and tolerogenic dendritic cell-derived signal 2
	References


