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In the immune system, antigen-presenting 
cells (APCs) such as dendritic cells (DCs) 
function by engulfing antigens, process-
ing them, and subsequently present-
ing them to CD4+ and CD8+ T cells via 
MHC class II and MHC class I molecules, 
respectively, leading to CD8+ cytotoxic T 
lymphocyte (CTL) responses. However, 
how these three cell populations precisely 
interact and how CD4+ T-cell signals are 
delivered to CD8+ T cells in vivo remain 
controversial. Based on the observation 
that the antigen recognized by CD4+ and 
CD8+ T cells must be carried by the same 
DC, several distinct models have been 
proposed. A “three-cell interaction model” 
was originally proposed for CD4+ T-cell 
dependent CTL responses,1 according to 
which an antigen-specific DC must simul-
taneously interact with single antigen-
specific CD4+ and CD8+ T-cell precursors 
(Fig. 1A). However, as both antigen-spe-
cific CD4+ and CD8+ T-cell precursors are 
relatively rare, this three-cell interaction 
appears to be almost impossible. Thus, 
Ridge et al. proposed a “dynamic model of 
sequential two-cell interactions by APCs,” 
according to which APCs must be first 
activated (licensed) by CD4+ T cells via 
CD40/CD40L interactions and then can 
directly stimulate memory CTL responses 
(Fig. 1B).2 However, this model has been 
challenged by the observation that effi-
cient memory CTL responses require 
CD40 expression on CD8+ T cells but not 
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on DCs,3 highlighting the importance of 
direct CD4+-CD8+ T-cell interactions in 
the development of memory CTLs.

Trogocytosis (intercellular membrane 
protein transfer) is a common phenom-
enon between immune cells that plays 
an important role in immune modula-
tion.4 CD8+ and CD4+ T cells have been 
reported to acquire the immunological 
synapse-composed pMHCI and pMHCII 
complexes from activating DCs, respec-
tively, via internalization and recycling of 
synapse components.5 As we were the first 
to discover, in addition to pMHCII, CD4+ 
T cells also acquire pMHCI and CD80 
molecules from DCs and can use these 
components of the antigen presenting 
machinery to directly exert helper effects 
onto cognate CD8+ T cells. This led us to 
propose a “new dynamic model of sequen-
tial two-cell interactions by CD4+ T 
cells-APCs” (Fig. 1C).6 This model is sup-
ported by recent evidences from other lab-
oratories.4,7 Interestingly, we also showed 
that CD4+ T cell-APCs preferentially 
stimulate CD8+CD44+CD62LhighCD127+ 
cmCTL responses.8 However, one impor-
tant question that still is unanswered 
is whether the “CD4+ T cell-APC con-
cept” is of any physiological significance 
in vivo. Moreover, the mechanisms for 
functional delivery of CD4+ T-cell help, 
whether CD8+ T cells receive helper sig-
nals by forming a three-cell cluster (DC-
CD4+ T cell-CD8+ T cell), indirectly 

through licensed DCs, or directly from 
primed CD4+ T cells, remain unresolved. 
Therefore, we sought to gain a better 
understanding of the mechanisms that 
regulate CTL responses.

Recently, we have developed novel 
immunization protocols, wherein anti-
gen-presenting DCs (CD11c-diphtheria 
toxin receptor transgenic DCs, present-
ing ovalbumin as a model antigen), 
CD4+ and CD8+ T cells can be sepa-
rately manipulated for dissecting their 
respective roles in the priming of CTL 
responses in vivo.9 In our experimental 
setup, CD4+ T cells and antigen-present-
ing DCs were allowed to engage with one 
another in vivo, in the absence of cog-
nate CD8+ T cells (CD8+ T cell-depleted 
host). Thereafter, we selectively depleted 
either the previously engaged CD4+ T 
cells (injecting the GK1.5 antibody) or 
DCs (injecting diphtheria toxin) before 
allowing the interaction of none, either 
or both these populations with adoptively 
transferred naïve CD8+ T cells. This pro-
tocol allowed us to clearly document the 
importance of CD4+ T cell-licensed DCs 
and DC-primed CD4+ T cells in CTL 
responses. Our study provided direct in 
vivo evidence that primed CD4+ T cells 
or licensed DCs can stimulate CTL 
and memory responses, independent of 
DC-CD4+ T-cell clusters. Remarkably, 
our imaging studies, using intravital two-
photon microscopy, provided unequivocal 

the exact mechanisms of CD4 help in the generation of memory cytotoxic t lymphocytes (CtLs) remain largely illusive. 
we propose that dendritic cells (DCs) first interact with CD4+ t cells, resulting in DC licensing and CD4+ t-cell priming. 
thereafter, CD8+ t cells can receive stimulatory signals from DC-CD4+ t-cell clusters and as well as individually from 
licensed DCs and primed CD4+ t cells.
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Figure 1. For figure legend, see page 1432.
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engagement would also be expected 
to result in a more efficient delivery of 
interleukin-2 (IL-2) and hence a more 
efficient CTL memory induction. Our 
study revealed the coexistence of direct 
and indirect mechanisms of T cell help 
for CTL responses in non-inflammatory 
situations, thereby reconciling previ-
ous conflicting studies. In addition, 
the CTL programming derived from 
licensed DCs, primed CD4+ T cells and 
DC-CD4+ T-cell clusters reflects micro-
environments differing in signal strength, 
co-stimulation and cytokine levels. Such 
subtle differences could be one of the 
reasons of the T-cell heterogeneity that 
has been observed during memory T-cell 
development.10

In summary, we conclude that CTL 
immunity is orchestrated by dynamic 

in vivo evidence for pMHCI-dependent 
direct CD4+-CD8+ T-cell interactions in 
the absence of DC-CD4+ T cell-CD8+ T 
cell ternary clusters.

Thus, our results provided for the 
first time physiologically relevant in vivo 
evidence that primed CD4+ T cells can 
directly orchestrate efficient CD8+ CTL 
responses, proposing a “new dynamic 
model of three-cell interactions for CTL 
responses” (Fig. 1D).9 According to such 
a dynamic model, CTL and memory 
responses do not depend on an antigen-
presenting DC simultaneously engaging 
cognate naïve CD4+ and CD8+ T cells in 
an environment in which both of these 
latter cells are extremely scarce. Primed 
CD4+ T cells directly locked onto their 
CD8+ T-cell targets through acquired 
pMHCI/TCR and CD40/CD40L 

Figure 1 (See previous page). A new dynamic model of three cell interactions. (A) the passive “three-cell interaction” model. A CD4+ t helper cell acti-
vated by a dendritic cells (DC) delivers interleukin-2 (IL-2) required for the activation of a CD8+ t cell that recognizes the same antigen presented by the 
DC. (B) the dynamic model of “sequential two-cell interaction by DCs.” the cross-priming DC gets activated (licensed) by antigen-specific CD4+ t helper 
cell through CD40-CD40L interactions, and then acquires the ability to directly prime CtLs. (C) the dynamic model of “sequential two-cell interactions 
by CD4+ t cells-APCs.” CD4+ t cells can acquire molecules (particularly pMhCI) from APCs and thus can directly stimulate CtL responses. (D) A new 
dynamic model of three cell interactions. the cross-priming DC first interacts with antigen-specific CD4+ t helper cell (a crucial step in CtL responses), 
resulting in DC licensing and CD4+ t cell activation (priming). Cognate CD8+ CtLs can then receive helper or stimulatory signals not only from DC-CD4+ 
t-cell clusters, but also separately from fully licensed DCs and primed CD4+ t cells, even after their dissociation from DC-CD4+ t-cell clusters.

interactions of antigen-presenting DCs, 
CD4+ T and CD8+ T cells, leading to 
enhanced communications between 
rare antigen-specific immune precursors 
within a short window of time and to the 
efficient delivery of help signals. However, 
the relevant signals at the DC-CD4+ T 
cell, DC-CD8+ T cell and CD4+-CD8+ 
T-cell interfaces remain to be explored in 
details. What changes do these interac-
tions induce at the cellular and molecu-
lar level on licensed DCs, primed CD4+ 
T cells or on effector and memory CD8+ 
T cells? Our experimental approach pro-
vides a good opportunity to dissect these 
issues, and our future work proceeds in 
this direction. These discoveries may have 
great impact for the design of vaccines 
and immunotherapy strategies against 
cancer and autoimmune diseases.
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