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ABSTRACT 
Cancer immunotherapy aims to promote the activity of cytotoxic T lymphocytes (CTLs) 
within a tumour, assist the priming of tumour-specific CTLs in lymphoid organs and establish 
efficient and durable antitumour immunity. During priming, help signals are relayed from 
CD4+ T cells to CD8+ T cells by specific dendritic cells (DCs) to optimize the magnitude and 
quality of the CTL antitumour response. In this Review, we highlight the cellular dynamics 
and membrane receptors that mediate CD4+ T cell help and the molecular mechanisms 
of the enhanced antitumour activity of CTLs. We outline how deficient CD4+ T cell help 
reduces the antitumour response of CTLs and how maximizing CD4+ T cell help can improve 
outcomes in cancer immunotherapy strategies. 
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INTRODUCTION 
Immunotherapy is rapidly becoming a standard treatment modality in cancer, alongside 
surgery, radiotherapy and chemotherapy. Cancer immunotherapy aims to promote tumour-
specific T cell responses. Tumours are inherently not very immunogenic and the tumour 
microenvironment (TME) suppresses the activity of tumour-specific T cells that might arise 
(Box 1). CD8+ cytotoxic T lymphocytes (CTLs) are the preferred tool to target tumours, as they 
detect intracellular antigens that are presented by MHC class I molecules expressed by all 
tumour cell types. However, as discussed below, CD4+ T cells are also required for efficacious 
antitumour immunity.

Ideally, cancer immunotherapy initiates and supports a durable antitumour response 
by T cells that is sustained by the release of antigens from dying cancer cells, which are 
presented to naïve T cells in secondary lymphoid organs (1,2). Tumour-specific T cell priming 
can be supported by therapeutic vaccination and/or antibody-based immunomodulation. 
An appropriate therapeutic intervention might lead to priming of new tumour-specific 
CTLs, which potentially broadens the range of antigens that are recognized and thereby 
makes tumour escape less likely. Furthermore, the therapeutic intervention should endow 
the newly primed tumour-specific CTLs with optimal effector and memory capabilities. 
Therapeutic support of T cell priming is warranted, as the inherent vaccine potential of most 
cancers is limited because of central and peripheral tolerance (Box 1). 

Immune checkpoint inhibition using antibodies that block the T cell coinhibitory receptors 
CTL-associated antigen 4 (CTLA4) and programmed death 1 (PD1) promotes antitumour 
CTL responses in patients by distinct, complementary mechanisms that have not been 
fully elucidated. In studies in mice, both interventions can overcome negative regulation 
of T cell priming and effector T cell activity (Box 2). Although blockade of CTLA4 and/or 
PD1 may promote antitumour immunity, these interventions can also trigger autoimmune 
responses, as self-antigen-specific T cells may be primed or activated in peripheral tissues. 
CD4+ helper T cells promote priming and effector and memory functions of CTLs and help 
CTLs to overcome negative regulation, which provides an opportunity to amplify the T cell 
response against tumour-associated antigens without deleterious autoimmunity. 

CD4+ T cells can target tumour cells in various ways, either directly by eliminating tumour 
cells through cytolytic mechanisms or indirectly by modulating the TME (3,4). Furthermore, 
in secondary lymphoid organs, CD4+ T cells increase the magnitude and quality of B cell 
and CTL responses (5,6). Help for the CTL response (5-7) is delivered in a newly recognized 
second T cell-priming step (8-10), in which a CD4+ T cell and a CD8+ T cell both recognize 
their respective antigens on the same dendritic cell (DC). Antigen-specific contact with 
the CD4+ T cell enables the DC to optimize antigen presentation and to deliver specific 
costimulatory and cytokine signals to the CD8+ T cell that promote its clonal expansion and 
its differentiation into an effector or memory T cell (11). CD4+ T cell help initiates a gene 
expression programme in CD8+ T cells that enhances CTL function by multiple molecular 
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Box 1. Obstacles and opportunities in cancer immunotherapy. The major obstacles in 
antitumour immunity are central tolerance (that is, deletion of tumour-reactive T cells during 
T cell development in the thymus), peripheral tolerance (that is, a lack of DC activation by 
the tumour and resultant T cell anergy or the generation of regulatory T (Treg) cells) and 
tumour-associated immune suppression. ‘Active’ immunotherapy aims to elicit an endogenous 
cytotoxic T lymphocyte (CTL) response in patients using therapeutic vaccination and/or 
immunomodulatory antibodies. Currently approved blocking antibodies against the CTL-
associated antigen 4 (CTLA4) and programmed death 1 (PD1)–PD1 ligand 1 (PDL1) T cell 
immune checkpoint pathways can promote T cell priming and/or activate pre-existing T 
cells in the tumour1. Radiotherapy and conventional chemotherapy can induce the release 
of tumour antigens and danger signals and thus promote T cell priming, and potentially 
modulate the tumour micro-environment to overcome immune suppression. Consequently, 
the combination of radiotherapy or chemotherapy and immunotherapy is actively pursued 
clinically133. Passive immunotherapies use ex vivo-expanded TILs131 or peripheral blood T cells 
that are genetically engineered to express a tumour-specific T cell receptor (TCR) or chimeric 
antigen receptor (CAR)129,130. Given central tolerance, cancers carrying foreign antigens, such 
as virus-derived proteins, and those with a high mutation rate that consequently present neo-
antigens, are most eligible for immunotherapy. However, tumours might also present other 
known and unknown antigens to which central tolerance is incomplete; for example, many 
patients with cancer have a T cell repertoire targeting the cancer–testis antigen NY-ESO-1, 
which can be stimulated by vaccination1,107. Overcoming tumour-associated immune 
suppression in immunogenic cancers could initiate CTL-based destruction of tumour cells and 
the release of antigens. To establish effective antitumour immunity, it is essential to overcome 
peripheral tolerance by rational immune intervention1,2. In non-immunogenic cancers, the first 
aim is to prime a T helper cell and CTL response to the tumour. The second aim is to overcome 
tumour-associated immune suppression. With these guidelines, rational development of 
immunotherapeutic strategies that uses insights into the cellular and molecular basis of 
the CTL response is possible.

mechanisms, enabling CTLs to overcome the obstacles that typically hamper antitumour 
immunity (12) (Box 1).

In this Review, we describe the cell–cell interactions and cell surface receptors that are 
essential for the delivery of CD4+ T cell help to CTLs to enhance their antitumour responses. 
We also highlight the molecular mechanisms of help that are ‘installed’ in CTLs to optimize 
their antitumour activity. We outline how CD4+ T cell help fully equips CTLs to target and 
eliminate tumour cells and how this help can be harnessed to improve outcomes in all 
cancer immunotherapy strategies. 

DCS AND CD4+ T CELL HELP FOR CTLS
CD4+ T cells were first demonstrated to enhance (“help”) the B cell response, and later they 
were shown to also help the CTL response (reviewed elsewhere (5)). In this section, we 
introduce the role of DCs in the delivery of CD4+ T cell help and discuss the conditions in 
which help might be required to shape the responses of effector and memory CTLs.
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Box 2. Mechanism of action of antibody-based inhibition of PD-1 and CTLA4 function 
in cancer immunotherapy. The aim of using immunomodulatory antibodies in cancer 
immunotherapy is to reactivate preexisting tumour-specific CTLs and/or to induce priming of 
naïve tumour-specific CD8+ T cells. The monoclonal antibodies that are currently successful in 
the clinic do this by blocking the interaction of the T cell co-inhibitory receptors cytotoxic T 
lymphocyte-associated antigen 4 (CTLA4) and programmed death 1 (PD1) with their ligands. 
CTLA4 on T cells inhibits CD28 costimulation by binding to CD80 or CD86 and thereby 
downregulates these ligands. CTLA4 carries out this function on conventional (effector) 
T cells and on regulatory T (Treg) cells. CTLA4 on Treg cells is a key checkpoint for the priming 
of autoreactive T cells. The PD1–PDL1 axis negatively regulates T cell priming and effector T 
cell function. PD1 signalling inhibits T cell receptor (TCR) signalling and preferentially CD28 
signalling via its associated tyrosine phosphatase activity73. At present, two antibodies 
against CTLA4 (ipilimumab and tremelimumab), two antibodies against PD1 (nivolumab and 
pembrolizumab) and three antibodies against PDL1 (durvalumab, avelumab and atezolizumab) 
are use in cancer treatment.

Ipilimumab was the first immunomodulatory mAb to be approved by the US Federal 
Drug Administration (FDA), for the treatment of patients with unresectable or metastatic 
melanoma134. In 2013, there was a breakthrough in cancer immunotherapy with the finding 
that combined treatment with ipilimumab and nivolumab was synergistic in patients with 
stage IV melanoma135, suggesting that the mechanisms of action of these two blocking 
antibodies are distinct and complementary. Treatment with anti-CTLA4 antibodies broadened 
the repertoire of melanoma-reactive CD8+ T cells, suggesting that CTLA4 blockade induces 
priming of new T cell responses against the tumour136. TCR repertoire broadening could be 
a predictive biomarker for treatment response137. Blocking PD1 or its ligand PDL1 seems 
to primarily overcome suppression of pre-existing tumour-specific CTLs99. In the tumour 
microenvironment, these antibodies induce the proliferation of CTLs with an exhausted 
phenotype, while CTLA4 blockade additionally induces the expansion of a subset of effector 
CD4+ T cells138, indicating another mechanism of complementarity. Elucidating the mechanisms 
of action of these antibodies in patients with cancer requires further study. 

Dendritic cells relay CD4+ T cell help signals to CTLs
Studies in mice originally showed that CD4+ T cells promote CTL priming against both major 
and minor histocompatibility antigens (13-17). The epitopes recognized by CD4+ T cells 
and CD8+ T cells had to be linked for optimal effect, suggesting that the same cell presents 
the epitopes to the two T cell types (17). Antigens derived from endocytosed proteins are 
presented by MHC class II molecules, although some DCs can efficiently present endocytosed 
antigens on MHC class I molecules, a process termed antigen cross-presentation (18). CD4+ 
T cell help was found to be essential for CTL priming by cross-presented antigen (19-21). 
CTL responses to cancer and vaccines generally rely on antigen cross-presentation, as cell 
fragments and large proteins must be endocytosed before they can be loaded on MHC 
class I molecules (18). Accordingly, the generation of a protective CTL response against an 
MHC class II-negative tumour was found to require CD4+ T cell help (22), as confirmed in 
subsequent studies (5). IIn the context of cross-presentation, antibody-based stimulation of 
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CD40 (also known as TNFRSF5) on DCs removed the requirement for CD4+ T cell help to elicit 
CTL responses (23). This finding established that DCs deliver CD4+ T cell-derived help signals 
to CD8+ T cells and that a large part of the help signal originates from CD40 ligand (CD40L; 
also known as TNFSF5) on the activated CD4+ T cell stimulating CD40 on the DC. At that time, 
CD40 signalling was already known to increase the antigen-presenting and costimulatory 
capacity of DCs (24). 

Studies of therapeutic antitumour vaccines also confirmed the requirement for CD4+ T 
cell help; vaccination of mice with short, MHC class I-binding peptides induced CD8+ T cell 
tolerance, whereas additional infusion of an agonist antibody against CD40 led to CTL-based 
antitumour immunity (25). Furthermore, vaccination with DCs loaded with a short, MHC class 
I-binding peptide did not lead to CTL priming, unless the DCs were first stimulated in vitro 
with a CD40 agonist or with antigen-specific CD4+ T cells (26). Therapeutic vaccination with 
long peptides that include both MHC class I and class II epitopes was subsequently shown to 
overcome tolerance and to induce effective CTL-based antitumour immunity (27,28).

The effect of CD4+ T cell help on CTL function
Early studies showing the contribution of CD4+ T cell help to the primary CTL response 
used cytotoxicity assays (13-17, 19-22). Later, MHC tetramer staining enabled researchers to 
demonstrate that CD4+ T cell help promotes the clonal expansion of antigen-specific CD8+ 
T cells and their cell-intrinsic ability to produce IFNγ (29). Furthermore, memory CTLs that 
were primed in the absence of CD4+ T cell help proved to have a cell-intrinsic deficiency 
in secondary expansion (30-32). Thus, CD4+ T cell help was shown to improve the clonal 
expansion of CTLs and their differentiation into effector and memory CTLs.

Contribution of CD4+ T cell help versus innate signals to CTL responses
Besides CD4+ T cell help signals, DCs can also be activated by innate signals, which include 
pathogen-associated molecular patterns (PAMPs), danger-associated molecular patterns 
(DAMPs) and pro-inflammatory cytokines, such as type I IFN. Three models have been 
proposed to explain the contribution of help versus innate signals to the priming of CTLs 
(Figure 1).

In mice, help is required for the priming of CTLs after immunization with cancer cells, 
or with any vaccine that does not contain PAMPs (5-7). After infection, however, CD4+ T cell 
help is often seemingly not required for the generation of a primary CTL response (7,33). 
Based on these observations, CD4+ T cell help was proposed to act as a back-up system 
for DC activation when innate DC-activating signals are absent (5), which is referred to as 
the redundancy model. In this model, innate signals and help signals from antigen-specific 
CD4+ T cells are equivalent, alternative modes of DC activation in CTL priming (Figure 1). 
However, as the generation of memory CTL responses is completely dependent on CD4+ T cell 
help, including after infection (5-7), this model is most likely not correct. In the amplification 
model (7), help signals from antigen-specific CD4+ T cells amplify the innate signals received 



C D 4 + T  C E L L  H E L P  I N  CA N C E R  I M M U N O L O G Y

165

6

by DCs (Figure 1), and thereby increase the output of specific cytokine and/or costimulatory 
signals from the DC; for example, type I IFN and specific PAMPs might together induce 
the production of either IL-12 or IL-15 by the DC and the help signal amplifies this interleukin 
production, leading to optimal CTL priming. In the complementarity model, CD4+ T cell help 
signals produce a DC output that is distinct from that of innate signals, endowing CTLs with 
unique qualities as a result of the combined stimulation (Figure 1). This model has the most 
experimental support, as the differentiation of memory CTLs requires input from DCs that 
have been activated by CD4+ T cells and innate signals alone do not suffice (5-7). In addition, 
gene expression analysis indicates that CD4+ T cell help enhances the differentiation of 
effector CTLs after infection in much the same way as it does after vaccination (12). This 
contribution of help to CTL quality after infection had not previously been examined at 
this resolution and therefore was not detected. These data strongly suggest that CD4+ T cell 
help is usually delivered in all physiological conditions and makes unique contributions to 
the CTL response. 

TWO-STEP PRIMING OF CD8+ T CELLS
The timing and location of CD4+ T cell help to CD8+ T cells has been a long-standing question 
(6). Intravital imaging resolved that CTL priming occurs in two steps and that help is delivered 
in the second step of priming.

Figure 1. Models of the contribution of CD4+ T cell help and innate signals to DC functions and 
CD8+ T cell priming. a | In the redundancy model, innate stimuli and CD4+ T cell help are equivalent. 
Although they provide alternative modes of dendritic cell (DC) activation, the resulting output signal 
and, consequently, the effect on CTL priming is similar. The differentiation state of effector CTLs and 
memory CTLs is influenced equally by both of these stimuli. b | In the amplification model, CD4+ T 
cell help that is delivered in the second step of CTL priming amplifies the signal from innate stimuli 
to the DC. In addition, the differentiation of effector CTLs or memory CTLs is initiated in the first 
step of priming and the second step further promotes differentiation in the chosen direction. c | In 
the complementarity model, CD4+ T cell help and innate stimuli deliver distinct signals to DCs that 
each influence effector and memory differentiation pathways in a unique way and thereby dictate 
the strength of the effector and memory CTL responses. Consequently, innate immune signals cannot 
replace CD4+ T cell help to ensure optimal CTL quality.
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Spatiotemporal aspects of CTL priming
CD8+ T cells reportedly can undergo clonal expansion and CTL differentiation autonomously 
in vivo after they have been activated in vitro for only a few hours (34,35). Is such a short 
activation time indeed sufficient to transmit appropriate signals for the formation of 
functional CTLs, and is help then delivered to the CD8+ T cell immediately upon its activation? 
Imaging in vivo revealed that after infection or immunization, CD4+ T cells and CD8+ T cells 
first encounter antigen independent of each other on different types of conventional DCs 
(cDCs), the details of which are context-dependent. This first priming step occurs for CD4+ T 
cells and CD8+ T cells in different areas of the lymph node or spleen (7,36,37) (Figure 2) and 
in a non-synchronous manner (9,10). Next, in a second priming step, CD4+ T cells and CD8+ T 
cells interact with the same lymph node-resident cDC1 and the help signal is delivered (8,9). 
The cDC1 lineage includes migratory cDC1s and lymph node-resident cDC1s, which express 
chemokine XC receptor 1 (XCR1) and have optimal antigen cross-presentation capacity (38). 

For the second priming step to occur, antigens and antigen-specific CD4+ T cells and 
CD8+ T cells must interact with the same cDC1. In the virus infection model, CD8+ T cells that 
have completed the first priming step (mediated by an infected or migratory cDC1) were 
shown to produce XCL1 and thereby recruit uninfected, lymph node-resident XCR1+ cDC1s 
towards this DC (39). Subsequently, antigens are likely transferred from the initial (dying) 
migratory cDC1 to the lymph-node-resident cDC1, in apoptotic bodies that are endocytosed 
by the lymph-node-resident cDC1, which then cross-present the antigens (Figure 2). 
Elimination of cDC1s in mice inhibits the formation of memory CTLs (8). Overall, the available 
data support a model of CD4+ T cell help in which previously activated, and not naïve CD8+ T 
cells are the recipients of help. Whether antigen-specific CD4+ T cells also receive signals for 
differentiation into effector or memory T cells in the second step of priming from the same 
cDC1 is unknown, although evidence for this exists (40).

Integration of DC signals and CTL fate
In the two-step priming model, the differentiation of CD8+ T cells into effector CTLs or 
memory CTLs and the extent of their clonal expansion results from the integrated signals 
that the CD8+ T cell receives from DCs in the two priming steps (Figure 1). In the first priming 

Figure 2. Cellular interactions in the priming of cytotoxic T lymphocytes. In mouse models of 
infection, CD4+ T cells and CD8+ T cells are activated by different populations of dendritic cells (DCs), 
often asynchronously (top). CD8+ T cells are initially activated by infected cDC in the context of viral 
infections or cross-presenting migratory conventional type 1 DCs (cDC1s) in the context of cancer or 
vaccines. Next, activated CD8+ T cells then produce XC-chemokine ligand 1 (XCL1) that recruits lymph 
node-resident XC-chemokine receptor 1-positive (XCR1+) cDC1s into a prime position to receive cross-
presented antigen from the cDC that carried out the first step of priming (middle). Finally, the lymph 
node-resident cDC1s migrate into the deeper paracortical area of the lymph node, where they engage 
in cognate interaction with pre-activated CD4+ T cells. This interaction optimizes the cDC1s to relay 
signals for the differentiation of effector CTLs and memory CTLs to pre-activated CD8+ T cells that 
recognize antigen on the same cDC1 (bottom). 
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step, PAMPs, DAMPs and pro-inflammatory cytokines most likely dictate the activation state 
of the relevant DCs. These innate signals may drain to lymph nodes and stimulate DCs that 
reside there. In addition, they may stimulate migratory DCs in the peripheral tissue that 
subsequently move to the lymph node. In the second step of CTL priming, the CD4+ T cell 
modulates the state of the DC in deeper paracortical areas of the lymph node (8,9), in which 
innate DC activation signals are likely less abundant (41,42).

MOLECULAR NATURE OF HELP SIGNALS
CD4+ T cell help largely dictates the quality of the CTL response during priming, so an 
opportunity exists to provide these help signals as part of cancer immunotherapy to 
optimize CTL responses. Signals for the clonal expansion and differentiation of effector and 
memory CTLs are delivered by the TCR, costimulatory receptors and cytokine receptors43. We 
here review which costimulatory (44,45) and cytokine (46) signals are proven or suspected 
to shape the CTL response in the first and second step of priming (Figure 3). 

Cytokine signals
Type I IFN is an innate signal that is typically produced by PAMP or DAMP-activated cDCs, 
plasmacytoid DCs and macrophages (41,47), whereas IL-12 is typically produced by CD40-
stimulated DCs (48). CD8+ T cells activated in vitro by TCR–CD28 signals in the absence 
of cytokines had reduced clonal expansion in vivo and did not acquire strong effector or 
memory functions (49), whereas the addition of IL-12 or type I IFN promoted their long-term 
survival as well as their differentiation into effector and memory CTLs (50). Both cytokines 
upregulated the expression of master transcriptional regulators of CTL differentiation as well 
as cytolytic effector molecules, costimulatory tumour necrosis factor (TNF) receptors and 
other molecules that are implicated in CTL survival and function. Thus, IL-12 and type I IFN 
make a key, partially redundant contribution to the quantity and quality of the CTL response 
(50). DC-derived IL-15 can also promote CTL differentiation (51-53). In a murine infection 
model in which two-step priming was demonstrated (7,9), CD4+ T cell help amplified 
the IL-12 or IL-15 production induced by type I IFN or another innate stimulus (7,9) in DCs, 
and thereby promoted CD8+ T cell clonal expansion and CTL differentiation (53). 

Autocrine IFNγ reportedly also supports the differentiation of effector CTLs (54), although 
natural killer (NK) cells are a more likely source of IFNγ during T cell priming (55). Furthermore, 
IL-2 promotes effector CTL differentiation (56) and although autocrine IL-2 is not required for 
the clonal expansion of newly primed CD8+ T cells (57), it is produced soon after priming (58). 
In infection models, the expression of the α-chain of the IL-2 receptor (IL-2Rα; also known 
as CD25) by recently primed CD8+ T cells depends on CD4+ T cell help, and IL-2 signalling 
contributes to the development and/or maintenance of short-lived effector CD8+ T cell 
responses (59). Whether autocrine IL-2 has a role in help for the CTL response is unclear, but 
CD4+ T cell-derived IL-2 might contribute to help (60). CD4+ T cell-derived IL-21 has also been 
implicated in the maintenance of functional CTLs during chronic infection with lymphocytic 
choriomeningitis virus (LCMV) (61).
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Costimulatory signals
Upon antigen-specific interaction with a DC, CD4+ T cells upregulate expression of CD40L, 
which binds to CD40 on the DC. Although there might be supporting signals (62), reminiscent 
of CD4+ T cell help to B cells, CD40 provides the key input signal for the DC to relay the help 
signal to the activated CD8+ T cell (5-7). CD40–CD40L signalling promotes the production 
of IL-12 or IL-15 by the DC, but also upregulates the costimulatory ligands CD80 and CD86. 
The resulting CD28 costimulation of the CD8+ T cell is part of the effector pathway of CD4+ 
T cell help (63,64), but is not sufficient to generate a fully functional CTL response (49). In 
the mouse, the production of the CD27 (also known as TNFRSF7) ligand CD70 (also known as 
TNFSF7) by DCs and the resulting CD27 costimulation of the CD8+ T cell is a pivotal aspect of 
help12. Unlike related costimulatory TNF receptor family members that are expressed after T 
cell activation, CD27 is expressed by naïve CD4+ T cells and CD8+ T cells and is therefore a key 
candidate in supporting T cell priming (65). In mice, CD70 expression is induced in both CD8+ 
cDCs and CD8– cDCs by PRRs or CD40, although most optimally by combined stimulation 
(66,67). Thus, as for IL-12 and IL-15, the requirements for CD70 expression supports 

α

Figure 3. Key cell surface receptor–ligand interactions during the second step of T cell priming. In 
the second step of T cell priming, antigen presentation by a lymph node-resident conventional type 1 
dendritic cell (cDC1) to CD4+ T cells increases their expression of CD40 ligand (CD40L). Next, CD40L–
CD40 binding triggers CD40 signalling in the cDC1, which increases its antigen presentation ability 
and expression of costimulatory ligands and cytokines. Type I IFN, IL-12 and IL-15 produced by cDC1s 
act directly on CD8+ T cells to support their differentiation into effector CTLs. CD40-stimulated DCs 
express high levels of CD80, CD86 and CD70, which interact with CD28 and CD27, respectively, on CD8+ 
T cells. CD27 signalling drives differentiation, survival and metabolism in the CTLs, most likely directly 
as well as indirectly via DC-derived IL-12 and CD8+ T cell-derived, autocrine IL-2 by upregulation of IL-12 
receptor (IL-12R), IL-2 and IL-2 receptor α-chain (IL-2Rα; also known as CD25). CD4+ T cell-derived IL-2 
and IL-21 can also support the CTL response.
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the two-step priming model. As for type I IFN, IL-12 and IL-15, PRR signalling alone can 
induce CD70 expression in DCs (64,66), suggesting that CD27 costimulation also has a role 
in the first step of CD8+ T cell priming. Remarkably, all these stimuli induce the production 
of chemokines, including XCL1, by CD8+ T cells (50,68,69), suggesting that once CD8+ T cells 
receive these innate stimuli, they can recruit a XCR1+ cDC1 and the second step of priming 
can occur.

CD27 costimulation is known to promote the clonal expansion of primed CD8+ T cells and 
their differentiation into effector and memory CTLs (65). Many studies in the mouse support 
the idea that CD27–CD70 costimulation is the key output signal from DCs in the delivery of 
help to CD8+ T cells. For example, blocking CD70, but not the costimulatory ligands TNFSF9 
(also known as 4-1BBL) or TNFSF4 (also known as OX40L), inhibited CTL priming by CD40-
activated DCs (66). Other studies likewise suggest that CD40 signalling enables DCs to relay 
the help signal by the induction of CD70 expression (64,67,70): Transgenic CD70 expression 
by otherwise immature DCs enabled the induction of potent CTL-based antitumour 
immunity after vaccination with only a short, MHC class I-binding peptide (71). In another 
model of therapeutic antitumour vaccination, CD27 costimulation of the CD8+ T cell was 
directly demonstrated to be the key downstream effect of CD4+ T cell help in the generation 
of primary and memory CTL responses (12,72). The gene expression signatures induced 
in CTLs by help or CD27 costimulation are highly similar, demonstrating the importance 
of the CD27–CD70 costimulatory pathway for CTL differentiation (12). However, CD27 
costimulation does not recapitulate the entire help programme, indicating that other signals 
probably contribute to help. CD28 costimulation is a likely candidate for an additional signal, 
as a combination of blocking antibodies against CD80/86 and CD70 abrogated the capacity 
of CD40-activated DCs to prime a CTL response (64). Concurrent stimulation of CD27 and 
blocking of PD1 with antibodies in vivo recapitulated the effects of CD4+ T cell help in 
tumour rejection in a therapeutic vaccination model (72). This finding, together with the fact 
that PD1 blockade facilitates CD28 costimulation (73), argues for a combined role of CD27 
and CD28 in the help provided to CD8+ T cells. The involvement of CD137 costimulation 
in memory CTL differentiation suggests that it is also a component of the help signal (74). 
Elucidating which molecules, aside from CD70 and specific cytokines, are upregulated in 
DCs during the transmission of help signals might reveal additional aspects of help. For 
example, CD4+ T cell help and CD40 signalling in DCs promote the recruitment of naïve CD8+ 
T cells and B cells to the priming lymph node, although the identity of the signal is unknown 

(75). Overall, these data suggest that CD40 (as the crucial DC input signal) and CD70 (as 
the pivotal output signal for CD8+ T cell differentiation) are attractive molecular targets to 
enable or enhance CD4+ T cell help in cancer immunotherapy. 

Interplay between costimulatory and cytokine signals
Cytokines (such as type I IFN, IL-12 or IL-15) and costimulatory signals (CD80 or CD86 and 
CD70) are output signals from DCs after delivery of help. How these output signals collaborate 
to shape the CTL response is an important question. CD28 and CD27 costimulation support 
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clonal expansion of activated CD8+ T cells in a non-redundant manner (76). Signalling 
through TCR and CD28 initiates the clonal expansion of activated CD8+ T cells, wherein CD28 
costimulation amplifies TCR signalling and initiates the cell cycle, counteracts apoptosis 
and alters cell metabolism in favour of rapid cell division (44,77). CD27 costimulation also 
enhances the survival of clonally expanding T cells by anti-apoptotic and pro-metabolic 
effects (78) and thereby broadens the repertoire of responding T cells (79). Furthermore, 
CD27 costimulation also enhances the survival of CTLs in non-lymphoid tissues via autocrine 
IL-2 signalling (80). Of note, TCR–CD28 signalling only weakly affects the differentiation of 
effector CTLs (49), whereas CD27 costimulation is a key effector of CD4+ T cell help that 
initiates effector and memory differentiation programmes in newly primed CD8+ T cells 
(12,70,72). CD27 signalling might drive CTL differentiation directly or in part via the IL-12 and 
IL-2 receptor pathways, as it upregulates expression of the IL-12Rb2 chain on activated CD8+ 
T cells (12), which could potentially mediate differentiation-inducing signals by DC-derived 
IL-12. Furthermore, CD27 signalling also upregulates expression of IL-2 and the IL-2Rα chain 
in activated CD8+ T cells (12,80), which could potentially lead to autocrine IL-2 signalling that 
also drives the expression of master regulators of effector CTL and memory CTL differentiation 
(56). Thus, IL-2 signalling during CD8+ T cell priming could affect the differentiation of both 
effector CTLs and memory CTLs, although reports on the role of IL-2 in the differentiation of 
memory CTLs are somewhat contradictory (59,81). 

Integration of help and innate signals
To date, the gene expression changes that occur in DCs in response to innate versus help 
signals, or their combination have not been determined. Studies thus far have focused on 
a limited number of cytokines and costimulatory molecules that change in DCs as a result 
of innate and help signals, and their results suggest that combined stimulation amplifies 
the output signals from DCs. However, amplification of signal output from the DC may well 
qualitatively alter CD8+ T cells that receive the help signal, as exceeding signalling thresholds 
might activate new gene expression programmes. 

CTL FUNCTIONS INITIATED BY HELP SIGNALS
During clonal expansion, primed T cells differentiate into cell types with diverse functions, 
including short-lived effector T cells and persistent memory T cells. Compared with effector 
T cells, memory T cells can self-renew and have higher proliferative potential and increased 
longevity (43). Cell fate decisions are based on differential gene expression that is controlled 
by master transcriptional regulators and chromatin states (43,82,83). In this section, we 
review our understanding of the CTL differentiation programmes that are regulated by CD4+ 
T cell help. 

CD4+ T cell help and differentiation of effector CTLs
Genome-wide mRNA expression analysis has been carried out in a mouse model of 
therapeutic antitumour vaccination and in acute infection with LCMV strain Armstrong to 
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determine the effect of help on the quality of the primary CTL response (12). In the vaccination 
model, the effects of two DNA vaccines were compared; one DNA encoded the human 
papilloma virus (HPV) E7 protein with an MHC class I-restricted epitope alone (that is, no 
help), whereas the other additionally encoded strong, HPV-unrelated MHC class II-restricted 
helper epitopes (that is, help) (72,84). In total, 969 genes were differentially expressed in 
CTLs at the effector phase isolated from mice treated with the different vaccines; these 
genes encode diverse proteins involved in multiple cellular processes, including cytotoxic, 
migratory and metabolic functions. Help affected the expression of many transcription 
factors, including master regulators of CTL differentiation, such as T-BET, EOMES and ID3, 
which regulate transcription and epigenetic modifications (43,82,83) (Figure 4). The data 
suggest that help benefits the differentiation of both short-lived effector T cells and long-
lived memory T cells (12). 

Both in the vaccination and infection model, help enforced multiple cytotoxicity 
mechanisms, including the production of effector molecules such as TNF, FAS ligand (FASL), 
granzyme A (GZMA), GZMB and IFNγ (12). The increased cytotoxic quality of helped CTLs was 
confirmed in vivo and ex vivo studies (12,72). Thus, these data confirmed that help improves 
the intrinsic capacity of CTLs to kill target cells, and also revealed many novel aspects of 
help. For example, CTLs that have not received help (‘helpless’ CTLs) can exit the priming 
lymph node and enter the circulation, but they express high levels of coinhibitory receptors, 
including PD1, lymphocyte activation gene 3 (LAG3) and B and T lymphocyte attenuator 
(BTLA), which prevent helpless CTLs from killing their target tumour cells (12). In another 
vaccination study in mice, microarray analysis demonstrated that depletion of CD4+ T cells 
resulted in dysfunctional primed CTLs that had decreased expression of cytotoxic effector 
molecules and increased expression of PD1 and other coinhibitory receptors (85) (Figure 4). 
Importantly, gene set enrichment analysis demonstrated that the gene expression signature 
of helpless CTLs in this model (85) was highly similar to that of exhausted CTLs in mice with 
a chronic LCMV infection (86,87). The dysfunctional state of CTLs in this chronic infection 
model might mimic that of CTLs in human cancers; these dysfunctional PD1+ CTLs are 
generated early after priming, particularly when CD4+ T cells are depleted (88). 

Furthermore, help greatly affects the migratory and invasive ability of CTLs; compared 
with helped CTLs, helpless CTLs have a diminished capacity to enter into a subcutaneously 
implanted tumour (12). As compared to helpless CTLs, helped CTLs express higher levels 
of the chemokine receptors CXCR4 and CX3CR1, which promote CTL extravasation at 
the tumour site, and have higher matrix metalloproteinase expression and activity, which 
promote CTL infiltration into the tumour (12). Furthermore, these gene expression data 
suggest that the function of helped CTLs is optimized in a variety of as yet unknown ways 
by an array of cell surface receptors, signaling molecules, transcription factors, cytoskeletal 
and metabolic regulators (12) (Figure 4). In addition, these data highlight that help improves 
the intrinsic functionality of CTLs during priming and equips them with all the tools that are 
required to eliminate tumour cells in tissues. Helped CTLs can thereby likely overcome many 
recognized obstacles in antitumour immunity in patients with cancer (1). 
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Help and the differentiation of memory CTLs
Some genes are highly expressed by steady-state memory T cells (but not by naïve T cells 
or are ‘poised’ for re-expression owing to an open chromatin state (82,83,89). As shown for 
the Il2 and Ifng loci in mice, help during priming promotes the establishment of this open 
epigenetic state (90). To our knowledge, the global effect of help on the differentiation of 
memory CTLs has only been assessed in one micro-array study, which reported the differential 
expression of 276 genes in helped versus helpless memory CTLs (91). Helpless memory CTLs 

�

γ

α

Figure 4. Molecular mechanisms of CD4+ T cell help. Transcriptomic analysis of mouse CD8+ T cells 
has identified important features of CD4+ T cell help12,85. Helped CD8+ T cells show altered expression of 
many master transcription factors, such as T-BET, eomesodermin (EOMES) and inhibitor of DNA-binding 
3 (ID3), which control the differentiation of effector cytotoxic T lymphocytes (CTLs) and memory CTLs. 
These CTLs upregulate expression of IL-12 receptor (IL-12R), IL-2 receptor α-chain (IL-2Rα; also known as 
CD25) and IL-2, which support their differentiation, survival and metabolism. The CTLs have enhanced 
cytotoxic activity owing to increased expression of effector molecules (such as tumour necrosis factor 
(TNF), granzyme B (GZMB) and IFNγ) and downregulation of coinhibitory receptors (programmed 
death 1 (PD1), lymphocyte activation gene 3 (LAG3), B and T lymphocyte attenuator (BTLA) and T cell 
immunoglobulin mucin receptor 3 (TIM3)). Furthermore, these CTLs have enhanced migratory and 
invasive potential owing to upregulated expression of CXC-chemokine receptor 4 (CXCR4), CX3C-
chemokine receptor 1 (CX3CR1) and matrix metalloproteinses (MMPs). In addition, their metabolic 
state is altered, as well as many other functions. Overall, CD4+ T cell help enhances the cell-intrinsic 
antitumour activity of CTLs by multiple complementary mechanisms12. FASL, FAS ligand; NFAT, nuclear 
factor of activated T cells; PD1, programmed death 1. 
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show deficient secondary expansion owing to apoptotic cell death; they upregulate death 
ligand TRAIL and this constrains their secondary expansion by paracrine TRAIL-mediated 
apoptosis (91,92). However, other mechanisms also contribute to the deficient clonal 
expansion of helpless memory CTLs (93,94). For example, helped memory CTLs have an anti-
apoptotic profile, partly due to expression of inhibitory Bcl-2 family proteins and helpless 
CTL are therefore more prone to die (95). Drug-based interference with the epigenetic state 
of helpless memory CTLs can overcome deficits in cytokine production and secondary 
expansion (95). Thus, CD4+ T cell help results in epigenetic imprinting at various genes 
in primed CD8+ T cells, permanently altering their gene expression profile. In this way, 
the effects of help signals during priming persist throughout the lifespan of the CTL, which 
makes help an attractive target to exploit for cancer immunotherapy.

The importance of help for the CTL antitumour response
CD4+ T cell help can be viewed as a newly recognized checkpoint in the priming of CTLs, as 
help occurs after CD8+ T cells have received their first priming signal from an activated DC 
and results in the downregulation of coinhibitory receptors in CD8+ T cells. Help improves 
the magnitude of both primary and memory CTL responses, as well as the functional 
quality of individual CTLs. The epigenetic modifications and gene expression programmes 
established by CD4+ T cell help during priming optimize the longevity and effector and 
memory functions of CTLs, although the exact mechanism of improved CTL memory function 
requires investigation at a genome-wide level. Owing to the effector programme established 
in CTLs by CD4+ T cell help, helped CTLs are predicted to be better poised to overcome key 
obstacles in antitumour immunity than helpless CTLs, which have an expression profile that 
indicates dysfunction and exhaustion. 

To our knowledge, the effects of CD4+ T cell help on the TCR repertoire of responder 
CTLs have not been directly tested, although based on the documented effects of CD28 
and CD27 costimulation (44,78,79), we expect that help broadens the repertoire of CTLs 
and thereby prevents immune escape of tumour cells. Helped CTLs also have a prolonged 
lifespan and form effective memory cells, which might be advantageous in cases of a large 
tumour burden or a recurring cancer. Importantly, as help is delivered to CD8+ T cells that 
have already completed the first priming step by activated DCs, helped CTLs most likely do 
not include auto-reactive T cells. Strengthening CD4+ T cell help in cancer immunotherapy 
is predicted to promote the priming of tumour-reactive CTLs that are reactive to altered self 
antigens rather than non-self antigens. 

CD4+ T CELL HELP IN CANCER IMMUNOTHERAPY
The tumour as an endogenous vaccine
In human cancers that contain tumour-specific CTLs, the tumour itself is a vaccine, albeit an 
inefficient one. To date, no tools exist that can establish whether tumour-specific CTLs have 
received a complete help signal. Tumour-specific CD8+ T cells were shown to be enriched 
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in the population of PD1+ T cells in the blood of patients with melanoma (96). We propose 
that these circulating PD1+ CD8+ T cells were primed in the absence of help. ‘Dysfunction’ 
of tumour-specific T cells is reportedly an early event in tumorigenesis97, and dysfunctional 
CTLs in human cancer resemble the exhausted CTLs that occur in chronic infections in mice 
(97), which share many features with helpless CTLs (12,85). In multiple cancer types, CTLs 
are excluded from the vicinity of tumour cells within the cancerous lesion — the so-called 
immune-excluded phenotype — which correlates with a poor clinical outcome (98) and 
a negative response to PD1 or PDL1 blockade (99). Penetration of CTLs into the centre 

Figure 5. CD4+ T cell help in cancer immunotherapy. Most cancer immunotherapy strategies might 
benefit from including approaches to activate CD4+ T cell help or its downstream effectors. Peptides (or 
DNA or mRNA encoding them) used in therapeutic vaccines should include both MHC class I and class 
II epitopes to ensure that of CD4+ T cells are activated in the response. Replacing the signals delivered 
by CD4+ T cell help might be achieved by the use of agonistic CD27 antibodies, which might work 
synergistically with PD1 blockade to relieve tumour-associated immune suppression. Dendritic cell 
(DC)-based vaccination relies on DC subsets that are capable of priming CD4+ T cells and relaying help 
signals to CTLs. Alternatively, antigens and activation signals might be targeted to XCR1+ migratory 
and lymph node-resident DCs using antibody-conjugates specific for this DC lineage139. Adoptive cell 
therapy should include CD4+ T cells to provide help at the tumour site or use preprogrammed helped 
CD8+ T cells. Transferred CTLs should be expanded in conditions in which help signals are delivered. 
CAR T cell therapies might include cells that express the signalling motif of appropriate costimulatory 
receptors, thereby mimicking the delivery of help. Treatments that induce a type I IFN response (such 
as STING agonists or radiation) might support activation of cDC1s and their subsequent interaction 
with CD4+ T cells.
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of a tumour mass can be facilitated by altering extrinsic factors, such as blocking TNFβ 
signalling that modulates the tumour stroma (100). In addition, the intrinsic, tumour-
invasive capacity of CTLs can be promoted by CD4+ T cell help during priming (12). Tumour-
specific CTLs probably have a helpless phenotype because the required innate DC-activating 
signals and helper epitopes that facilitate the interaction of activated CD8+ T cells and CD4+ 
T cells with the same XCR1+ cDC1 are absent in tumours. Providing agents that stimulate 
type I IFN production, such as a STING agonist (101), might promote the production of XCL1 
by activated CD8+ T cells and their recruitment of a cDC1, thereby increasing the source 
of antigens and promoting help. Conventional cancer therapies, including radiotherapy, 
might also induce type I IFN production (102) and likewise promote the vaccine potential 
of the tumour. Furthermore, the cell death and/or stress induced by these cancer therapies 
might be immunogenic, the extent to which depends on antigen loading of DCs and 
the DAMPs that are released and their capacity to correctly activate DCs. 

Therapeutic antitumour vaccination
A number of tools are used to deliver tumour antigens to T cells in therapeutic vaccination 
against cancer, including proteins, peptides, DNA, mRNA, dead tumour cells and live, antigen-
loaded or mRNA-transfected DCs. Helper epitopes are already included in therapeutic 
vaccines and have demonstrated efficacy in the treatment of human papillomavirus-induced 
premalignant lesions (103,104). In addition, a synthetic long-peptide vaccine containing 
multiple tumour-associated neo-epitopes raised polyfunctional CTL responses in patients 
with melanoma (105). Remarkably, the neo-epitopes were predicted to bind to MHC class 
I, but the vaccine primarily elicited MHC class II-restricted CD4+ T cell responses against 
non-predicted epitopes. Similar observations were made for vaccination with synthetic 
RNA encoding multiple predicted MHC class I-restricted neo-epitopes in patients with 
melanoma (106). The data suggest that, in these cases, CD4+ T cell help for the CTL response 
was delivered. 

As most metastatic lesions likely contain a suppressive TME that can only be targeted 
by additional, dedicated interventions, stimulation of tumour-specific T cell priming alone 
cannot be expected to eradicate a high-stage cancer, such as stage 4 metastatic cancer 
(reviewed elsewhere (107)). The immunomodulatory effects of some chemotherapeutic 
drugs provide new opportunities for targeting the TME (108). These effects include 
the induction of immunogenic cell death by specific conventional chemotherapeutics 
(109), the synergistic induction of tumour cell death by platinum-based chemotherapeutic 
compounds and TNF released by vaccine-induced T cells (110) and the selective depletion of 
immunosuppressive myeloid cell populations by commonly used drug combinations (such 
as carboplatin and paclitaxel) without impairment of T cell function (111). Although specific 
drugs alone might support T cell priming, these beneficial effects of chemotherapy are most 
effective when used in combination with therapeutic vaccination (110,111). 

Which MHC class II epitopes to use, and whether they are derived from a tumour or 
not, are important considerations in developing an antitumour vaccine. The expression of 
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HLA-DR molecules by tumour cells has been linked to a good prognosis in patients with 
cancer (112), suggesting that direct recognition of tumour cells by CD4+ T cells is beneficial. 
Indeed, CD4+ effector T cells can directly kill tumour cells (113,114). However, most tumours 
do not express MHC class II molecules. Nevertheless, tumour antigen-specific CD4+ T cells 
can indirectly promote tumour rejection by, for example, recognition of tumour antigens 
on myeloid cells in the TME and the production of cytokines, such as IL-2, which supports 
CTL survival, and IFNγ, which is tumoricidal, stimulates CTL and NK cell function and induces 
the production of chemokines that recruit additional effector cells to the tumour (3,4,115). 
Conversely, tumour-specific CD4+ T cells in the TME can be reprogrammed into CD4+ Treg cells 
that counteract CTL activity (116,117). CD4+ T cells do not need to be tumour-specific to help 
the CTL response during priming. As the binding of peptides to MHC class II molecules is fairly 
non-specific, most long peptides that are used for therapeutic vaccination and are designed 
to contain MHC class I epitopes typically also contain MHC class II epitopes (107). However, 
selection of MHC class II epitopes might be advantageous in the creation of an ‘off the shelf’ 
vaccine — strong helper epitopes can be selected that bind to HLA-DR, HLA-DP or HLA-DQ 
regardless of polymorphisms for use in conjunction with an MHC class I-restricted universal 
tumour antigen (84). Also, studies suggest that secreted antigens are more effective than 
those retained intracellularly (84,118), so a secretory signal peptide could be incorporated in 
the vaccine protein. As the characteristics required to produce an effective tumour antigen 
are often not known, the use of exogenous MHC class II epitopes is probably the best choice 
to ensure an effective antitumour immune response. 

The novel insights discussed above raise important considerations for vaccine design. 
First, does the inclusion of helper epitopes in a vaccine ensure the delivery of CD4+ T cell help? 
Antigens must be delivered to lymph node-resident cDC1s that relay the help signal between 
the two populations of T cells, and CD8+ T cells must recruit these DCs through production of 
XCL1, which in turn depends on whether CD8+ T cells receive the appropriate signals (type I 
IFN, IL-12 and/or CD70) from the migratory DCs that initially activated them. Several highly 
promising approaches exist to target DCs (119), but their combined use with adjuvants that 
activate these DCs is probably necessary. Second, whether a primed CD8+ T cell has received 
help or not in patients with cancer is important for optimizing therapeutic vaccines, so 
readouts of the successful delivery of CD4+ T cell help should be useful. The gene expression 
signatures (12,85) of helped CD8+ T cells that were identified in mice require validation in 
humans, and essential elements of this signature could be used to identify biomarkers in 
clinical studies. In addition, although CD70 expression by DCs may be the key readout for 
successful transmission of CD4+ T cell help, this aspect has been understudied in humans. 
However, a recent proteomics study identified CD70 as a remarkable, but poorly recognized, 
reporter of human immune activation (120). Third, do only lymph node-resident cDC1s relay 
the help signal? It is likely that migratory cDC1s also perform this function, as these cells can 
cross-present antigen. CD141+ cDC1s are the human equivalent of the cDC1s that relay help 
in mice (121)’ although they are understudied because of their rarity. The unique properties 
that distinguish this DC subset from the cDC2s and monocyte-derived DCs (moDCs) have 
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been revealed by mRNA deep sequencing (122). A possible reason that DC vaccination trials 
using primarily moDCs (123) did not meet expectations is that moDCs may not be able to 
relay CD4+ T cell help. This has not yet been tested, but it is advisable that new DC vaccination 
trials focus on those DCs that can relay help. Key features of mouse and human DC subsets 
are conserved, suggesting that findings about DCs in mice can be extended to humans (124) 
and therefore the cDC1 is the likely transmitter of help in the human system. 

Antibody-based T cell immunomodulation.
Mimicking help would be useful in cases in which it is expected to be deficient. Studies in 
mice suggest that an agonistic CD27 antibody effectively mimics help (12,72). Whether CD27 
costimulation transmits the help signal to CTLs in humans requires confirmation, although it 
probably does, as human CD27 is expressed by naïve human CD4+ and CD8+ T cells, whereas 
other TNF receptor family members are only expressed by activated T cells (65). Furthermore, 
CD27 costimulation of CD8+ T cells produces remarkably similar gene expression profiles 
in humans and mice (12,68,69). Agonistic antibodies to TNF receptors are challenging to 
produce, but one agonistic CD27 antibody is in clinical trials and has proven safe (125). 

In a mouse model of therapeutic vaccination, a combination of antibody-based CD27 
agonism and PD1 inhibition recapitulated the effects of CD4+ T cell help (72). Studies on 
the effects of PD1 or PDL1 blockade in human also suggest that CD27 agonism is a good 
candidate for combined modality treatment: First, CTLs that are optimally primed by 
agonistic CD27 antibodies might still experience PD1-based suppression in the TME, which 
can be overcome by antibody-based PDL1 blockade; on this basis, combined modality 
treatment is expected to be synergistic. PDL1 blockade and CD27 agonism may also have 
a synergistic effect in cancer patients by a different mechanism: circulating PD1+CD8+ T 
cells become Ki67+ and start expressing CD27 after PD1 blockade (126,127) and thereby 
become amenable to CD27 agonism. Studies in mice with chronic LCMV infections indicate 
the existence of circulating dysfunctional PD1+CXCR5+CD8+ T cells that are reinvigorated by 
PD1 blockade (128). We propose that these CD8+ T cells have not received help signals, but 
that their PDL1-based inhibition might be relieved when these cells pass through lymph 
nodes. PD1 blockade might enhance their responsiveness to CD27 agonist, which in turn 
leads to a reversal of their dysfunctional state, resulting in their clonal expansion and 
differentiation into optimal effector CTLs 

Cellular therapies
CD4+ T cell help might be important for cellular therapies with either DCs or T cells (including 
T cells expressing a chimeric antigen receptor (CAR) (129) or a tumour-specific TCR (130), or 
tumour-infiltrating lymphocytes (TILs) (131)). Clearly, DCs that relay help are preferred for 
vaccination therapies. T cells that are used for adoptive cell transfer can be preprogrammed 
by help and perhaps TILs can be selected for those that have received help (for example, 
based on the gene expression profile of helped cells). Efficient antitumour activity and 
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long-term persistence of CAR T cells in vivo was observed when the CAR was endowed 
with an intracellular domain encompassing both the CD3z chain signalling module and 
the CD27 costimulatory motif (132). Thus, this motif might help to initiate a large part of 
the help programme in T cells genetically engineered for therapeutic purposes. In addition, 
the inclusion of both tumour-specific CD4+ T cells and tumour-specific CD8+ T cells in T cell 
therapies might increase the likelihood of successful delivery of help signals. 

CONCLUDING REMARKS
Studies in mouse models have delivered key information about the molecular nature of 
the effector programme that is initiated in CTLs by CD4+ T cell help. Help endows CTLs with 
multiple effector functions, including optimal cytotoxic, migratory and invasive potential and 
the downregulation of coinhibitory receptors, enabling them to overcome key impediments 
that hamper antitumour immunity. By contrast, the gene expression profile of helpless CTLs 
indicates a dysfunctional state that is also observed in chronic infections and cancer. We 
propose that deficient help ‘freezes’ spontaneous antitumour responses in a suppressed, 
dysfunctional state, although this concept requires validation in humans. 

Help can be exploited to improve cancer immunotherapy at the molecular level. Although 
therapeutic vaccines already include helper epitopes, their inclusion do not necessarily 
ensure delivery of the help signal, as the epitopes might not reach the appropriate DC 
subtypes. Diagnostic tests that can validate the delivery of help signals are needed. Detailed 
examination of DCs that are activated by CD4+ T cells in humans might identify these markers 
of help delivery, among which CD70 is a promising candidate. Using the human counterpart 
of the mouse lymph node-resident cDC1 that can relay the help signal, or targeting this 
DC subset in vivo using antibody-mediated antigen delivery (for example, targeting XCR1 
or C-type lectin domain family 9 member A (CLEC9A) (122)), could be advantageous in 
DC-based vaccination approaches. Agonistic antibodies against costimulatory receptors 
and/or recombinant cytokines that mimic the help signal can be used to help prime 
tumour-specific CTLs of optimal quality. Studies in mice point to CD27 as a key target for 
mimicking help in humans and possibly, circulating tumour-specific PD1+ T cells in patients 
with cancer can be reprogrammed to become optimal CTLs by CD27 agonism. In addition, 
insights into CD4+ T cell help for CTL responses could be exploited to genetically engineer 
or ‘educate’ DCs and CD8+ T cells in vitro prior to adoptive cell transfer. Furthermore, effector 
and memory CTL differentiation programmes activated by the help signal might deliver 
novel antibody targets to promote the CTL response to cancer, as well as diagnostic targets 
to monitor vaccine efficacy. Thus, insights into the cellular and molecular mechanisms of 
CD4+ T cell help in CTL responses is relevant for all immunotherapy approaches, including 
those using vaccination, immunomodulatory antibodies and adoptive transfer of DCs or  
tumour-specific T cells.
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