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Abstract: 

Intestinal dendritic cell and macrophage subsets are believed to play key roles in 

maintaining intestinal homeostasis in the steady state and in driving protective 

immune responses in the setting of intestinal infection. This mini-review focuses on 

recent progress regarding the ontogeny and function of small intestinal lamina propria 

dendritic cell/macrophage subsets. In particular we discuss recent findings suggesting 

that small intestinal CD103+ dendritic cells and Cx3cr1+ cells derive from distinct 

precursor populations and that CD103+ dendritic cells represent the major migratory 

population of cells with a key role in initiating adaptive immune responses in the 

draining mesenteric lymph node. In contrast, Cx3cr1+ cells appear to represent a 

tissue resident population, phenotypically indistinguishable from tissue resident 

macrophages. These latter observations suggest an important division of labour 

between dendritic cell/macrophage subsets in the regulation of intestinal immune 

responses in the steady state. 

 



Introduction 

The small intestinal mucosa represents the body’s largest surface area to the 

external environment. It is covered by a single layer of epithelial cells, whose primary 

function is the absorption of nutrients from the intestinal lumen. It is also a major 

colonisation and entry site for many parasitic, bacterial and viral pathogens. Thus the 

intestinal immune system must be capable of generating protective immune responses 

towards these pathogens, while remaining tolerant to harmless food antigens and the 

resident gut microflora. Intestinal dendritic cells (DCs) and macrophages, with their 

unique ability to initiate and regulate local innate and adaptive immune responses, are 

thought to play key roles in these processes.  

Intestinal DCs and macrophages are found throughout the gut lamina propria 

(LP) and within sub–epithelial gut associated lymphoid tissues (GALT), including 

Peyers Patches (PP) and solitary isolated lymphoid tissues (SILT). This review will 

focus on recent findings regarding the ontogeny and unique functions of murine small 

intestinal LP DC and macrophage subsets in the steady state. 

 

CD103 and Cx3cr1 define phenotypically distinct subsets of LP cells with distinct 

turnover rates. 

Conventional lymphoid tissue DCs are traditionally defined by their co-

expression of CD11c and MHCII and have been further sub-grouped based on their 

expression of an array of markers including CD11b, CD8α, and CD4 (Merad and 

Manz, 2009; Miloud et al., 2010; Shortman and Liu, 2002). However the use of these 

markers alone to define functionally distinct intestinal DC and macrophage subsets is 

problematic since CD11c is also expressed on tissue macrophages (Hume, 2008) and 

while CD11b is highly expressed on monocytes and macrophages it is also expressed 



on a major subset of DCs in the LP (see below). Moreover, traditional myeloid 

markers such as F4/80 and SIRPα do not fully discriminate between intestinal 

mononuclear cell subsets. 

We, and others, have recently identified a functionally distinct subset of DCs 

in the murine small intestinal LP and draining mesenteric lymph nodes (MLN) that 

express the integrin alpha chain, CD103 (αE) (Annacker et al., 2005; Johansson-

Lindbom et al., 2005). CD103+ DCs present in LP cell preparations can be divided 

into CD11b+ and CD11b- populations (Bogunovic et al., 2009; Ginhoux et al., 2009; 

Schulz et al., 2009), however mice lacking SILT and PP (Id2-/- mice) display a 

marked and selective reduction in CD103+CD11b- DCs in these preparations 

indicating that CD103+CD11b- cells derive from contaminating SILT (Bogunovic et 

al., 2009; Ginhoux et al., 2009). Consistent with this possibility, the majority of 

CD103+ PP DCs are CD11b- ((Bogunovic et al., 2009), authors unpublished 

observation).  The ontogeny of CD103+CD11b- and CD103+CD11b+ DCs will be 

discussed in more detail below. Utilising knockin mice expressing GFP under the 

control of the fraktalkine receptor Cx3cr1 promotor (Cx3cr1 GFP/+ mice), Niess and 

colleagues (Niess et al., 2005) identified a major subset of cells within the intestinal 

LP, that have been described in the literature as DCs (for example, (Bogunovic et al., 

2009; Ginhoux et al., 2009; Hapfelmeier et al., 2008; Niess et al., 2005; Vallon-

Eberhard et al., 2006; Varol et al., 2009)). Recent data from several laboratories, 

including our own, have demonstrated that small intestinal Cx3cr1+ LP cells and 

CD103+ LP DCs represent phenotypically distinct subsets of cells, and that Cx3cr1+ 

cells display markers associated with tissue resident macrophages (Bogunovic et al., 

2009; Schulz et al., 2009; Varol et al., 2009) (Table 1).   



In the steady state small intestinal Cx3cr1+ LP cells outnumber CD103+ DCs 

approximately 3-4 fold. While these cells are found closely associated with 

overlaying enterocytes, CD103+ DCs appear to be located more centrally within the 

villous core (Bogunovic et al., 2009; Niess et al., 2005; Schulz et al., 2009). 

Combining Ki67 staining with BrdU pulse chase studies, we found that CD103+ LP 

DCs are primarily a non-dividing population that display a rapid turnover in vivo, 

indicating that this compartment is continually replenished by blood borne precursors 

(Jaensson et al., 2008). In contrast, Cx3cr1+ cells appear to turnover slowly and, in 

small intestinal transplant experiments, were not replaced in the graft by recipient 

cells within a 6-day period (Schulz et al., 2009).  

 

Ontogeny of small intestinal CD103+ DCs and Cx3cr1+ LP cells  

 

CD103+ DC and Cx3cr1+ LP cell precursors: According to current models, 

classical DCs, plasmacytoid DCs and monocytes share a common bone marrow 

progenitor, the macrophage and DC precursor (MDP) (Fogg et al., 2006). MDPs 

progress in development to common DC precursors (CDP) that can give rise to 

classical DCs and plasmacytoid DCs but not monocytes. CDP can develop into pre-

cDC that are committed to the cDC lineage and have lost the potential to give rise to 

plasmacytoid DC (Liu et al., 2009). Pre-cDC, in contrast to MDPs and CDPs, are 

found in blood and can enter lymphoid tissues where they can generate all major 

steady-state splenic cDC subsets (Geissmann et al., 2010; Liu et al., 2009). 

Maintenance and division of DCs in lymphoid tissue, in the steady state, is in part 

dependent on Flt3L (Liu et al., 2009; Waskow et al., 2008). Of note, pre-cDCs are 

heterogeneous in their expression of CD24 that appears to reflect the presence of 



distinct precursors within this population that are already prone to generating specific 

DC subsets (Naik et al., 2006).  

Following up on an earlier observation that adoptively transferred monocytes 

can generate CD11c+ LP cells (Varol et al., 2007), two recent studies have assessed 

the role of CDPs, pre-DCs and monocytes in the generation of intestinal LP DC 

subsets (Bogunovic et al., 2009; Varol et al., 2009). While adoptive transfer of MDPs 

into diptheria toxin treated CD11c-DTR (diphtheria toxin receptor) mice or wildtype 

mice gave rise to all LP DC/macrophage subsets, CDP and pre-cDC gave rise only to 

CD103+CD11b- and CD103+CD11b+ intestinal DCs (Bogunovic et al., 2009; Varol et 

al., 2009). In contrast, engrafted Ly6Chi monocytes (Bogunovic et al., 2009; Varol et 

al., 2009) gave rise solely to Cx3cr1+ LP cells. Furthermore, in a very elegant set of 

studies, in which green and red fluorescence Ly6Chi monocytes were co-transferred 

into CD11c+ cell depleted mice, Varol et al. demonstrated that individual LP villous 

structures were primarily repopulated by either red or green Cx3cr1+ cells, suggesting 

that that the Cx3cr1+ LP cell compartment is maintained by the seeding of limited 

numbers of circulating monocytes that undergo local clonal expansion within the LP 

(Varol et al., 2009). As pointed out by these authors (Varol et al., 2007), a 

contribution of Ly6Clo monocytes to the Cx3cr1+ LP cell compartment cannot be 

excluded from these studies as Ly6Chi monocytes have been shown to shuttle back to 

the bone marrow and can give rise to Ly6Clo cells (Varol et al., 2007).  

 

Growth factor requirements: The different ontogeny of small intestinal CD103+ 

DCs and Cx3cr1+ LP cells is also reflected in their specific growth factor 

requirements. Thus while the number of CD103+ LP DCs is reduced in Flt3r or GM-

CSF receptor (Csf2r) deficient mice and increases upon exogenous administration of 



their ligands, development of Cx3cr1+ LP cells is unaffected (Bogunovic et al., 2009; 

Schulz et al., 2009). In contrast CD103-CD11b+MHCII+ LP cells (which are Cx3cr1+) 

are selectively reduced in M-CSF receptor (Csf1r)-/- mice (Bogunovic et al., 2009).  

 

Transcription factor requirements for intestinal CD103+ DC subsets: While 

adoptively transferred pre-cDCs can generate both intestinal CD103+CD11b- and 

CD103+CD11b+ DC subsets, recent evidence suggests that these populations have 

distinct transcription factor requirements. Genetic deletion of the transcription factors 

Id2, Irf8 and Batf3, which are required for CD8α+ splenic DC development (Aliberti 

et al., 2003; Kusunoki et al., 2003), leads to a selective loss of small intestinal 

CD103+CD11b- DCs (Edelson et al., 2010; Ginhoux et al., 2009). Notably, these 

transcription factors are also required for the development of CD103+CD11b- DCs in 

extra-intestinal peripheral tissues including the liver, lung and kidney (Edelson et al., 

2010; Ginhoux et al., 2009). As with CD8α+ splenic DCs (den Haan et al., 2000), 

CD103+CD11b- DCs from the skin and lung are important for cross-presentation of 

cell associated antigen (Bedoui et al., 2009; del Rio et al., 2007). These data suggest 

that CD103+CD11b- DCs found in GALT and extra-intestinal non-lymphoid tissues 

are developmentally and functionally related to CD8α+ splenic DCs. The stages and 

underlying signals regulating the divergence of CD103+CD11b- and CD103+CD11b+ 

intestinal DC subsets from pre-cDCs still remain to be determined.  

 

 

 

 

 



Functional specialization of small intestinal CD103+ DC and Cx3cr1+ LP cells 

 

Antigen sampling: Rescigno and co-workers first visualized dendrites from CD11c+ 

cells extending across the epithelium into the lumen of the small intestine, and 

suggested that these structures may play an important role in the uptake of luminal 

antigen and microbes into the LP (Rescigno et al., 2001). The presence of trans-

epithelial dendrites was subsequently confirmed utilizing Cx3cr1-GFP reporter mice, 

and shown to mediate the uptake of invasive-defective Salmonella (Niess et al., 

2005). The number of trans-epithelial dendrites increased in the terminal ileum after 

Salmonella administration, but this response was markedly reduced in Cx3cr1-

deficient (Cx3cr1GFP/GFP) mice (Niess et al., 2005), indicating a role for epithelial 

derived Cx3cl1 in their formation. Notably, Salmonella induced trans-epithelial 

dendrite formation in the proximal ileum and the entry of non-invasive Aspergillus 

species is unaffected in Cx3cr1-deficient mice (Chieppa et al., 2006; Vallon-Eberhard 

et al., 2006). Moreover, the presence of trans-epithelial dendrites appears to be mouse 

strain dependent (Vallon-Eberhard et al., 2006), challenging the concept that these 

structures represent a major route for antigen-uptake in the small intestine.  

Trans-epithelial dendrites have also been observed in CD11c-GFP and MHC 

II-GFP reporter mice (Chieppa et al., 2006) however the distribution of dendrites 

varied somewhat with that of Cx3cr1-GFP (Chieppa et al., 2006; Niess et al., 2005). 

At this point it is unclear whether such differences reflect preferential detection of 

distinct antigen sampling cell subsets with the different reporter strains or differences 

in study protocols. Consistent with all studies is that trans-epithelial dendrite 

formation appears to require local microbial stimulation (Chieppa et al., 2006; Niess 

et al., 2005; Vallon-Eberhard et al., 2006). Thus the number of trans-epithelial 



dendrites increases after introduction of non-invasive Salmonella, Aspergillus and 

certain TLR ligands (Chieppa et al., 2006; Niess et al., 2005; Vallon-Eberhard et al., 

2006), and is greatly reduced in mice given broad-spectrum antibiotics and in mice 

lacking the TLR adaptor molecule MyD88 in non-hematopoetic cells (Chieppa et al., 

2006). This latter finding suggests that epithelial cell recognition of luminal microbes 

drives trans-epithelial dendrite formation. In contrast to Cx3cr1+ LP cells it is 

currently unclear whether CD103+ DCs can form trans-epithelial dendrites. 

With regards to sampling of soluble antigen by CD103+ and Cx3cr1+ LP 

subsets, we recently observed efficient accumulation of intra-luminal administered 

soluble antigen (OVA.Cy-5) in Cx3cr1GFP+ LP cells in both Cx3cr1+/GFP and 

Cx3cr1GFP/GFP (Cx3cr1-deficient) mice demonstrating that these cells take up soluble 

antigen in vivo and that this process does not require Cx3cr1. In the same set of 

experiments CD103+ LP DCs were observed to accumulate OVA-Cy5 but far less 

efficiently (Schulz et al., 2009). Whether accumulation of soluble antigen in these 

subsets represents direct uptake of soluble antigen or acquisition from neighbouring 

cells (i.e. epithelial cells) is currently unclear. 

 

Antigen transport to the draining MLN: DCs continually migrate from the LP to 

the draining MLN in the steady state in a chemokine receptor (Ccr)7-dependent 

process (Forster et al., 1999; Jang et al., 2006; Johansson-Lindbom et al., 2005; 

Milling et al.). CD103+ DCs are reduced in the MLN but not LP of Ccr7-/- mice (Jang 

et al., 2006; Johansson-Lindbom et al., 2005; Worbs et al., 2006), and accumulate 

with delayed kinetics in the MLN compared to the LP in BrdU pulse chase 

experiments (Jaensson et al., 2008), indicating that CD103+ LP DCs represent a 

migratory DC population in the LP. Using confocal microscopy to study lymphatic 



vessels ex vivo and flow cytometry to assess DC subsets in draining MLN-afferent 

lymph, we recently provided direct evidence that LP derived CD103+ DCs make up 

the major DC population in the murine LP draining lymph (Schulz et al., 2009). 

Remarkably we failed to detect Cx3cr1hi LP cells in the draining lymph in either the 

steady state or after oral administration of R848 (TLR7/8 agonist) (Schulz et al., 

2009).  

 

Intestinal CD103+ DCs and Cx3cr1+ LP cells in the initiation of adaptive immune 

responses: CCR7-/- mice fail to mount T cell responses to soluble luminal antigen in 

the MLN and are defective in their ability to generate oral tolerance (Johansson-

Lindbom et al., 2005; Worbs et al., 2006). Furthermore, following oral ovalbumin 

(OVA) administration, sorted CD103+ but not CD103- MLN DCs induce OVA 

specific CD4+ and CD8+ T cell proliferation in vitro (Coombes et al., 2007; Jaensson 

et al., 2008). Together these findings indicate that migratory CD103+ DCs play a 

direct role in the induction of steady state tolerogenic responses to soluble luminal 

antigen within the MLN. CD103+ LP, lymph and MLN DCs have also been shown to 

contain epithelial fragments in the steady state (Huang et al., 2000; Jang et al., 2006). 

In addition, following oral administration of Salmonella, bacteria are found within 

CD103+CD11b+ MLN DCs (Bogunovic et al., 2009; Voedisch et al., 2009) and 

CD103+CD11b+ LP DCs are induced to express IL-6, IL-12p40 and IL-12p70 in 

response to the TLR5 agonist flagellin in vitro (Uematsu et al., 2006). These findings 

indicate that migratory CD103+ LP DCs likely contribute to maintaining peripheral 

tolerance to self-antigen in the steady state and may participate in the initiation of 

adaptive immune responses in the setting of mucosal infection. 



While several reports have compared the ability of LP DC/macrophage 

subsets to induce naïve T cell differentiation into distinct lineages in vitro (Atarashi et 

al., 2008; Denning et al., 2007; Uematsu et al., 2006), the inefficient migration of 

naïve T cells to the LP, coupled with the inability of Cx3cr1+ LP cells to migrate to 

the MLN suggest that Cx3cr1+ LP cells do not play a major direct role in priming 

naïve T cells in vivo.  

 

Intestinal CD103+ DCs display an enhanced ability to induce gut homing 

receptors on responding T cells and FoxP3+ T cell differentiation in vitro: TCR 

transgenic adoptive transfer studies have demonstrated that the MLN is a site of 

enhanced regulatory T cell (Treg) differentiation (Coombes et al., 2007; Sun et al., 

2007), and that T cells primed at this site are induced to express the gut homing 

receptors CCR9 and α4β7 (Campbell and Butcher, 2002; Johansson-Lindbom et al., 

2003; Svensson et al., 2002). The idea that intestinal CD103+ DCs are potentially 

important in this process has arisen from in vitro co-culture experiments. In these 

studies freshly isolated antigen pulsed CD103+ MLN and LP DCs displayed an 

enhanced ability to induce CCR9 and α4β7 on responding T cells and drive naïve T 

cell differentiation to FoxP3+ Tregs (Coombes et al., 2007; Jaensson et al., 2008; 

Johansson-Lindbom et al., 2005; Sun et al., 2007). This property appears to result, at 

least in part, from an increased capacity of small intestinal CD103+ DCs to generate 

the vitamin A metabolite retinoic acid (RA). RA itself is sufficient to induce Ccr9 and 

α4β7 on anti-CD3 antibody activated T cells (Iwata et al., 2004), and synergizes with 

TGFβ to promote FoxP3+ Treg differentiation (Mucida et al., 2007). Further, the 

addition of pan-retinoic acid receptor antagonists inhibits the ability of intestinal 

CD103+ DCs to induce gut homing receptors on responding T cells and enhanced 



Treg differentiation in vitro (Jaensson et al., 2008; Kang et al., 2007; Mucida et al., 

2007; Sun et al., 2007; Svensson et al., 2008). Consistent with these findings, small 

intestinal CD103+ DCs express higher levels of Aldh1a2, encoding a key enzyme, 

(RALDH2) in the conversion of retinal to RA (Coombes et al., 2007), and induce 

stronger RA-dependent responses in T cells compared with CD103- MLN DCs and 

CD103+ DCs isolated from other tissues (Jaensson et al., 2008; Svensson et al., 2008).  

CD103+ MLN DCs also express higher levels of tissue plasminogen activator 

(Plat), latent TGFβ binding protein3 (Ltbp 3) (Coombes et al., 2007), and integrin β8 

subunit (Itgb8) mRNA (authors unpublished observation) compared with CD103- 

MLN DCs, which have all been implicated in the secretion and activation of TGFβ 

and may thus contribute to their enhanced ability to generate FoxP3+ Tregs in vitro 

(Annes et al., 2003; Travis et al., 2007). It is currently unclear whether the expression 

of these genes is a selective property of intestinal CD103+ DCs (as is the case with 

Aldh1a2). However, mice with a cell type-specific deletion of the TGF-β-activating 

β8 integrin subunit in DCs develop IBD and autoimmunity and display reduced 

numbers of Tregs in their colon, but not spleen (Travis et al., 2007).  

Collectively these results suggest that migratory CD103+ DCs have 

‘enhanced’ tolerogenic properties in the steady state compared with other intestinal 

and many non-intestinal DC subsets. Some (if not all) of these properties may be 

acquired from signals they receive within the intestinal environment.  

 

Imprinting of small intestinal CD103+ LP DCs: The ability of small intestinal 

CD103+ LP and MLN DC to metabolize vitamin A appears to underlie many of the 

unique steady state functions of these cells. Currently there are intense efforts to 

identify the local ‘imprinting’ factor(s) that induce the Vitamin A metabolizing 



property in these cells. Yokota and co-workers recently reported that IL-13, GM-CSF 

and IL-4 induce Aldh1a2 expression and aldehyde dehydrogenase activity in splenic 

DCs in vitro and that IL-4 and GM-CSF together induced expression levels similar to 

that observed in CD103+ MLN DCs (Yokota et al., 2009). Similarly, MLN DCs from 

IL-4Rα-/- mice showed reduced levels of Aldh1a2 while IL-4 enhanced Aldh1a2 

expression in WT MLN DCs (Elgueta et al., 2008).  Nevertheless intestinal DCs from 

IL-4Rα-/- mice displayed normal aldehyde dehydrogenase activity and while intestinal 

CD11c+ cells in mice deficient in the common beta subunit (Beta-C) of the GM-

CSF/IL-3/IL-5 receptor showed reduced aldehyde dehydrogenase activity, these 

findings may reflect alterations in CD11c+ MLN subsets as Csf2r (GM-CSFR)-/- mice 

have reduced numbers of CD103+CD11b+ intestinal DCs (Bogunovic et al., 2009). 

Certain TLR ligands have also been shown to induce a modest up-regulation of 

Aldh1a2 mRNA and aldehyde dehydrogenase activity in splenic (Guilliams et al., 

2010; Manicassamy et al., 2009; Yokota et al., 2009) and MLN DCs (Guilliams et al., 

2010), however the aldehyde dehydrogenase activity of CD103+ MLN DCs is only 

moderately decreased in germfree Myd88-/-Trif-/- double deficient mice suggesting that 

this signaling pathway plays only a minor role in imprinting intestinal DCs with the 

ability to metabolize retinol in the steady state in vivo (Guilliams et al., 2010). 

Intriguingly Aldh1a2 mRNA expression and aldehyde dehydrogenase activity of 

MLN DCs is dramatically reduced in Vitamin A deficient mice (Yokota et al., 2009). 

RA alone failed to induce Aldh1a2 mRNA in splenic and bone marrow derived DCs 

(Yokota et al., 2009), indicating that RA induction of Aldh1a2 mRNA in intestinal 

CD103+ DCs may be indirect. One study observed a modest up-regulation of Aldh1a2 

mRNA in BM DCs in response to RA (Iliev et al., 2009a). While it has been 

suggested from in vitro studies that intestinal epithelial cells may provide RA signals 



to local DCs (Iliev et al., 2009a), the source of RA that induces the development of 

Aldh1a2hi CD103+ LP DCs in vivo remains unclear. Indeed, in contrast to CD103+ LP 

DCs, murine F4/80+ (Cx3cr1+) LP cells, that are closely associated with the intestinal 

epithelium, display little aldehyde dehydrogenase activity (Guilliams et al., 2010; 

Schulz et al., 2009).  

 

Putative functions of small intestinal Cx3cr1+ LP cells in the steady state: Our 

recent findings demonstrating that Cx3cr1+ LP cells are poor at priming naïve T cells 

in vitro and do not migrate to the draining MLN suggest that the main function of 

these cells is to regulate innate and adaptive immune responses within the LP (Schulz 

et al., 2009). At one end of the scale these cells may simply act to take up and kill any 

microbes that have made there way to the epithelial surface and into the LP. 

Consistent with this possibility Cx3cr1+ LP cells were recently shown to migrate into 

the intestinal lumen after capture of Salmonella (Arques et al., 2009), thus functioning 

in a cell-mediated form of immune exclusion. Notably, in this study Cx3cr1+ cells 

were CD11b- and we failed to detect cells with this phenotype in the LP in the steady 

state (Schulz et al., 2009). It would seem logical, however, given their high numbers 

and slow turnover rate, that the function of Cx3cr1+ cells in intestinal immune 

responses is more complex. As described above, Cx3cr1+ cells appear to be efficient 

in antigen sampling. Thus, one possibility is that these cells pass on antigen to the 

migratory populations of antigen presenting cells in the LP. However, this remains to 

be tested. Given recent reports that resident antigen presenting cells can regulate 

effector/memory T cell proliferation and cytokine secretion in the periphery 

(McLachlan et al., 2009; Wakim et al., 2008), another possibility is that Cx3cr1+ cells 

regulate the function of effector T cell subsets subsequent to their entry into the LP. 



Accordingly CD11b+F4/80+ LP cells constitutively produce IL-10 (Denning et al., 

2007) and IL-10 production by these cells has been implicated in supporting FoxP3+ 

Treg function within the LP (Denning et al., 2007; Murai et al., 2009). Moreover, IL-

10 production by these cells appears to underlie, at least in part, their hypo-

responsiveness to TLR stimulation in vitro (Denning et al., 2007; Monteleone et al., 

2008). While these findings suggest that Cx3cr1+ LP cells may contribute to the 

tolerogenic environment within the small intestine, their role in regulating adaptive 

immune responses at this site in vivo is presently unclear. 

 

Summary 

In the past few years, important new insights have been gained regarding phenotype, 

ontogeny and function of DC/macrophage subsets in the small intestinal LP.  There is 

now strong evidence suggesting that the murine small intestinal LP contains two 

major subsets of cells, CD103+CD11b+ migratory DCs and resident Cx3cr1+ LP cells. 

CD103+CD11b+ DCs and Cx3cr1+ LP cells derive from distinct precursors, require 

distinct growth and transcription factors for their development and show distinct 

turnover rates in the steady state in vivo. Despite these insights, there is still a major 

lack in our understanding regarding the functional role of these distinct subsets in 

regulating intestinal immune responses in vivo and whether their functions are 

maintained or altered in the setting of inflammation. Another major knowledge gap is 

whether phenotypically and functionally similar subsets of cells are found in healthy 

or inflamed human intestinal LP. In this regard, we have recently demonstrated that 

CD103+ DCs are present in human MLN and, in line with their murine counterparts, 

induce RA-dependent CCR9 and α4β7 expression on responding CD8 T cells in vitro 

(Jaensson et al., 2008). A recent study also suggested that these cells induce enhanced 



Treg differentiation (Iliev et al., 2009b). Filling these gaps will be of fundamental 

importance for determining the potential of targeting these cell types to regulate 

mucosal immune responses in humans and to treat human intestinal disease.   
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Table 1.  Phenotypic and functional characteristics of CD103+CD11b+ and Cx3cr1hi 
cells in the murine small intestinal LP 
 

 CD103+  
CD11b+ 

Cx3cr1+  

LP Cells References 

Location in the small intestine LP, center of 
villus 

LP, 
underlying 
epithelium 

 
(Bogunovic et al., 2009; Jaensson et al., 
2008; Niess et al., 2005; Schulz et al., 
2009) 
 

Turnover rate in the LP +++ + 
 
(Jaensson et al., 2008; Schulz et al., 
2009; Varol et al., 2009) 
 

Putative precursors Pre-cDC Ly6Chi 
Monocytes 

 
(Bogunovic et al., 2009; Varol et al., 
2009) 
 

In vivo 
growth factor 
requirements 

Flt3L +++ - (Bogunovic et al., 2009; Schulz et al., 
2009) 

GM-CSFL +++ - (Bogunovic et al., 2009; Schulz et al., 
2009) 

M-CSFL - ++ (Bogunovic et al., 2009) 

 
Trans-epithelial 
dendrite formation 
 

? ++ (Niess et al., 2005; Vallon-Eberhard et 
al., 2006) 

Migration to draining 
lymph nodes +++ - 

 
(Jaensson et al., 2008; Jang et al., 2006; 
Johansson-Lindbom et al., 2005; Schulz 
et al., 2009; Worbs et al., 2006) 
 

Efficiency in 
naïve T cell 
priming  
in vitro 

CD4+ T cells ++ + 
 
(Schulz et al., 2009) 
 

CD8+ T cells +++ + 
 
(Schulz et al., 2009) 
 

 
Aldehyde dehydrogenase activity 
 

+++ + 
 
(Guilliams et al., 2010; Schulz et al., 
2009) 

 
In vitro induction of gut homing 
receptors  
 

+++ + (Jaensson et al., 2008) 
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