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Abstract 

The immune system has the ability to specifically identify and eliminate tumours, but the underlying 

mechanisms responsible for this phenomenon are not fully understood. A study published in this issue 

of the European Journal of Immunology now provides new insights into this important issue. Joncker 

et al. [Eur. J. Immunol. 2016. 46: XXXX-XXXX] show that the timely mobilisation of tumour 

antigen-bearing dendritic cells from the periphery to the lymph nodes is critical for effective anti-

tumour T-cell immunity, and that dendritic cells present tumour antigens much more efficiently when 

encountered in the skin rather than in the subcutaneous tissues. 

 

This commentary discusses Joncker et al. [Eur. J. Immunol. 2016. 46: XXXX-XXXX], who show that 

dendritic cells present tumour antigens much more efficiently when encountered in the skin rather 

than in the subcutaneous tissues. 
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The incidence of skin tumours has increased over the past decades. Melanoma is the most dangerous 

form of skin cancer and novel immunotherapies harnessing T cells have emerged as effective 

therapies for the treatment of this often-fatal disease.  Successful outcomes are apparent, but tumours 

often relapse [1, 2].  To improve patient outcomes, it is absolutely vital to understand how T-cell 

immunity against cutaneous tumours is generated.  

 

Scientists have routinely utilised small animal models with transplanted tumour cells to dissect the 

interplay between skin cancer and the host immune response. One of the most commonly utilised 

models involves subcutaneous delivery of tumour cells. This robust model results in rapid tumour 

formation in the connective tissue layer located in between the dermis and the fascia that encase the 

deeper tissues [3]. This model continues to be widely used for the preclinical evaluation of possible 

interventions and therapeutics [4].  A caveat of this model, however, is that very few human cancers 

originate within the subcutaneous tissue. Moreover, primary tumour growth in this model occurs at a 

location that is distal to the epidermal and dermal network of dendritic cells (DCs) required to activate 

tumour-specific T-cell immunity. Studies over the past decades have demonstrated that dermal 

implantation of tumour cells favours spontaneous clearance[5-8].  By contrast, subcutaneous 

inoculation is often associated with progressive growth and fatal dissemination of the same tumour 

cells. Importantly, why subcutaneously inoculated tumours are poorly controlled by the immune 

system remains a central unanswered question. Addressing this important point, Joncker et al. [9] 

show in this issue of the European Journal of Immunology that the site of tumour inoculation in mice 

dramatically impacts on the capacity of DCs to initiate protective T-cell immunity.  

 

To compare how the site of tumour inoculation impacts on immune control, Joncker et al. [9] 

measured tumour growth in mice injected intradermally (i.d.) or subcutaneously (s.c.) with 

recombinant EL4 T-cell lymphoma cells. While the tumour cells grew substantially in the 
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subcutaneous tissue and formed a large tumour over the 16-day interval investigated, injection of the 

same tumour cells into the dermis did not lead to a clinically appreciable mass. Comparing tumour 

growth between Rag2
-/-

 mice and mice in which CD4
+
 and/or CD8

+
 T cells were depleted, the authors 

determined that the i.d. inoculated tumour cells were rejected by CD8
+
 T cells, and that CD4

+
 T cells 

could also control tumour development, at least to some degree, in the absence of CD8
+
 T cells. 

Contrasting with this effective level of T-cell-mediated control, the s.c. tumour grew rapidly 

irrespective of the presence of T cells. A first clue as to how administration of the same tumour cells 

into different skin-associated sites could result in such differences in the level of T-cell-mediated 

control came from adoptive T-cell transfer experiments. Here, the authors injected tumour-bearing 

mice with tumour-specific CD4
+
 and CD8

+
 T cells and 16 hours later assessed whether the transferred 

T cells upregulated the early activation marker CD69 in tumour draining lymph nodes. This approach 

serves as a very sensitive readout system for in vivo antigen presentation [10]. Tumour-specific T 

cells increased expression of CD69 when injected into mice on day two or day eight after i.d. tumour 

challenge, indicating that tumour antigen was efficiently presented in the tumour-draining LN. 

However, transferred T cells only increased CD69 expression in mice given the tumour via the s.c. 

route eight, but not two days earlier. Successful control of i.d. tumours thus correlated with early 

onset in vivo antigen presentation, while delayed antigen presentation was associated with poor 

control of tumours in the subcutaneous tissue.  

 

Given the critical role of DCs in presenting antigen to T cells in lymphoid tissues, the authors 

reasoned that the two alternate routes of tumour inoculation affected antigen presentation by DCs in a 

differential manner. DCs are a heterogeneous group of bone marrow-derived phagocytic cells, which 

populate both peripheral tissues and lymphoid organs. They not only differ with regards to location 

and phenotype, but also vary in their respective capacities to present antigen. All subpopulations of 

DCs have the capacity to stimulate CD4
+
 T cells through the presentation of exogenous antigen on 
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MHC class II molecules. This contrasts with the activation of tumour-specific CD8
+
 T cells, which is 

limited to a cohort of DCs capable of introducing exogenous antigens into the MHC class I pathway. 

This process is referred to as cross-presentation. Lymphoid tissue-resident CD8
+
 DCs, and CD103

+
 

DCs immigrating into lymph nodes from peripheral tissues, such as skin and gut, have excellent 

capacities to cross-present foreign and self-antigens [10]. To assess the relative capacity of these 

different DC subsets to cross-present tumour-derived antigen, Joncker et al. [9] isolated CD8
+
 DCs, 

CD103
+
 DCs, lymphoid tissue-resident CD8

neg
 DCs and migratory CD103

neg
 DCs from mice 

inoculated via the i.d. or s.c. route. Upon co-culturing the DCs with tumour-specific CD8
+
 T cells, it 

became evident that DCs isolated two days after i.d. tumour inoculation efficiently cross-presented 

tumour antigen to CD8
+ 

T cells, whereas DCs from mice harbouring s.c. tumours failed to do so. Both 

CD103
+
 and CD103

neg
 DC populations were highly efficient at cross-presenting i.d. tumour antigen. 

At a later time point (day 8), DCs from both groups of mice had equivalent abilities to cross-present 

tumour antigen, which aligns with the finding that in vivo antigen presentation was delayed in mice 

burdened with the s.c. tumour. 

 

While cross-presenting DCs were traditionally identified by their expression of CD8 and CD103, it is 

now clear that not all CD8-expressing DCs belong to the lineage specialised in cross-presentation [11] 

and, conversely, that not all cross-presenting DC express CD8 or CD103. The latter aspect is 

particularly relevant in human DCs. The XC-chemokine receptor 1 (XCR1) has now been identified 

as a marker that unifies the identification of cross-presenting DCs across different tissues and species 

[12]. In a transplant model of cutaneous melanoma where tumour growth is constrained to the skin, it 

has been demonstrated that two migratory populations, defined as CD103
neg

XCR1
+
 and 

CD103
+
XCR1

+
, excel at cross-presenting melanoma-derived antigen, with the CD103

neg
XCR1

+
 DCs 

surprisingly dominating this process [13]. It is possible that a proportion of the cross-presenting 

migratory CD103
neg

 DC population identified by Joncker et al. [9] expressed XCR1 and that these 
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cells were responsible for the induction of the CD8
+ 

T-cell response against the tumour. This would be 

consistent with the observation that anti-tumour CD8
+
 T-cell immunity is severely impaired in mice 

lacking XCR1
+
 DCs due to the absence of the transcription factor Batf3 [14, 15].  

 

To date, sparse information exists on the identity of the DC subpopulations that proficiently present 

tumour antigens to CD4
+
 T cells. Joncker et al. [9] showed that during the early phase of i.d. tumour 

development the CD103
neg

 DCs were the only DC subtype capable of inducing tumour-specific CD4
+ 

T-cell activation, whereas none of the DC subpopulations from mice bearing s.c. tumours could 

effectively drive CD4
+
 T-cell proliferation ex vivo. At a later time point, MHC class II class-restricted 

antigen presentation by the migratory CD103
+
 and CD103

neg
 DC populations was observed in both the 

intradermal and subcutaneous model, indicating that the lack of early presentation was not due to an 

impairment of DC migration or lymphatic drainage per se. Regarding lymphoid tissue-resident DCs, 

only the CD8
neg

 DCs isolated from the lymph nodes draining s.c. tumours presented antigen to CD4
+
 

T cells. These results mirrored the overall kinetics of in vivo tumour antigen presentation to CD8
+
 T 

cells, indicating a similarly delayed activation of CD4
+
 and CD8

+
 T cells after s.c. tumour inoculation. 

Certain CD4
+
 T-cell subsets, such as IL-9-producing CD4

+ 
T cells, have been proposed to promote 

anti-tumour responses in vivo [16, 17]. It will therefore be important to determine in future studies 

whether the varying antigen presentation kinetics and the route of inoculation also impact on the 

quality and overall protective potential of the ensuing CD4
+
 T-cell response.   

 

A series of interesting experiments presented by Joncker et al. [9] involved challenging tumour-

burdened mice with a secondary tumour at a distant site. Mice previously inoculated with an i.d. 

tumour were fully capable of controlling a nascent s.c. tumour, implying that T cells can enter the 

subcutaneous space and exert effective tumour control in this anatomical niche. By contrast, a second 
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s.c. tumour progressed unmitigated in mice previously inoculated with a s.c. tumour. These results 

corroborate that tumour-specific T-cell immunity was only protective after i.d. inoculation. In 

additional experiments, the authors challenged mice with s.c. tumours followed by a secondary i.d. 

challenge. Intriguingly, while the secondary i.d. tumours were controlled, the growth of the primary 

tumour was only controlled when the secondary tumour was introduced early (2 days) but not late (6 

days). These results further emphasise the importance of the T-cell response kinetics relative to the 

stage of tumour growth, suggesting that the effector T-cell response primed in this model may become 

inefficient once a certain threshold of tumour mass is reached.  

 

Taken together, the work from Joncker et al. [9] links antigen presentation kinetics by DCs to the 

well-described phenomenon that tumours in certain anatomical locations are poor at inducing 

protective T-cell immunity. This is an important step forward in understanding tumour immunity that 

warrants further studies to shed more light on the quantitative and qualitative aspects of T-cell 

responses generated after tumour challenge in defined anatomical locations. Such knowledge will also 

be important to assess the relevance of varying experimental tumour models in replicating the 

clinically highly diverse tumour manifestations in humans. 
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Figure Legend 

Figure 1. Differential kinetics of antigen presentation by DCs and resulting tumour control 

following intradermal or subcutaneous inoculation of tumour cells.  Following subcutaneous 

tumour cell inoculation of mice, Joncker at al. [7] observed that migratory DCs can only make tumour 

antigen available for T-cell priming in lymph node 6 days after inoculation. These kinetics result in 

delayed and/or reduced tumour-specific T-cell priming, which in turn fails to control the tumour. 

Conversely, presentation of tumour antigen following intradermal inoculation of the same tumour 

cells occurs rapidly. The relatively faster, and perhaps stronger, effector T-cell response contributes to 

better tumour control. 
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