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Cancer immunotherapy can successfully promote long-term anti-cancer immune 

responses, although still only a limited number of patients benefit from treatment and at 

the cost of sometimes severe treatment-associated adverse events. Local 

immunomodulation may enable more effective treatment at lower dose and at the same 

time prevent systemic toxicity. Local delivery of engineered three-dimensional scaffolds 

may fulfil this role by acting as synthetic immune niches that boost anti-cancer immunity. 

In this Opinion article, we highlight the potential of scaffold-based adoptive cell transfer 

and scaffold-based cancer vaccines, that although applied locally can enforce systemic 

anti-tumour immunity. Furthermore, we discuss how scaffold-based cancer 

immunotherapy may contribute to the development of the next generation of cancer 

treatments. 

 

Immunotherapy has entered centre stage as a novel cancer treatment modality. A wide variety 

of promising immunotherapeutic strategies are available, which aim to elicit anti-cancer 

immunity by generating robust and durable tumour-directed immune responses. Systemic 

administration of immune checkpoint blocking antibodies that target the co-inhibitory receptors 

CTLA-4 and PD-1 on T cells has successfully induced remarkable long-lasting survival benefit, 

although so far this only applies to a small fraction of patients and at the cost of sometimes 

severe immune-related adverse events1-4. In adoptive T cell therapy, the number of circulating 

tumour-specific T cells is enhanced by systemic infusion of either ex vivo-expanded autologous 

tumour-infiltrating T lymphocytes, or T cells engineered to express high affinity T cell 

receptors (TCR) or chimeric antigen receptors (CAR). Encouraging results have been reported 

for various solid cancer types5-9, but clinical efficacy is hampered by a lack of cell persistence 

in vivo, poor T cell functionality and insufficient localization of infused lymphocytes at the 

tumour site10. A more tolerable strategy to expand the tumour-reactive T cell pool is dendritic 

cell-based11, 12 or synthetic therapeutic cancer vaccines13.  Although clinical responses have 

been observed with these approaches resulting in FDA approval of DC vaccine Provenge by 
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Dendreon for prostate cancer14 ,achieving durable clinical responses in established cancers 

remains challenging. One important factor underlying the limited efficacy and substantial 

toxicity of current immunotherapeutic strategies is their systemic delivery. For example, 

intravenous application of immune checkpoint inhibitors necessitates the use of high doses to 

obtain adequate local concentrations, whereas local administration can achieve powerful 

systemic anti-cancer T cell responses and decreases the risk of treatment-associated toxicity15-

17. Systemic infusion of lymphocytes in adoptive T cell therapy hampers their efficient delivery 

and commands co-treatment with lymphodepleting chemotherapy and high doses of IL-2, 

which although imperative for T cell function and survival are highly toxic10.  

Conversely, local immunomodulation may provide opportunities for more specific, effective 

and less toxic treatment strategies that can enforce systemic anti-cancer immunity18. Local 

immunotherapy initially focused on reverting the immunosuppressive microenvironment of the 

tumour, as reviewed elsewhere19, 20, and in the tumour-draining lymph nodes (TDLN). 

Targeting the TDLN is of particular interest as it is the primary immune niche involved in 

priming and expansion of tumour-reactive T cells, but is also under direct control of the 

upstream tumour21. In this Opinion article, we will discuss therapeutic interventions that 

modulate the immunosuppressive state of the TDLN and how these local approaches can confer 

systemic immunity against cancer. Moreover, we will detail how carefully designed three-

dimensional (3D) scaffolds can be exploited as synthetic immune niches. We believe that 

synthetic immune niches can improve therapeutic benefit of cancer immunotherapy by more 

precise manipulation of tumour-directed immune responses, whilst simultaneously preventing 

toxic side-effects through local administration (FIG. 1). We will discuss how 3D biomaterial-

based scaffolds may enforce systemic anti-tumour immunity via delivery of ex vivo trained 

immune cells or in situ re-programming of host cells, and we will illustrate how these novel 

strategies may contribute to the development of the next generation of cancer immunotherapies.  

 

Modulating natural immune niches 

Tumours employ a wide variety of mechanisms to escape immune surveillance in a process 

termed cancer immunoediting22, including the production of immunomodulating factors that 

impair immune cell priming, repress initiated immune responses and recruit suppressive 

immune cells instead of effector T cells22-24. Lymph drainage of these factors shifts the TDLN 

to an immunosuppressive state, which is detrimental for the interaction between tumour 

antigen-loaded dendritic cells (DCs) and naive T cells21. Therefore, it will negatively affect the 

ability of DCs to mount robust CD8+ cytotoxic T cell (CTL) responses accompanied by strong 
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Th1-polarization, both pivotal for effective anti-tumour immunity25. An improved 

understanding of the tolerogenic environment within TDLN in various types of solid cancers26-

29 and its role in creating systemic tolerance21, 30, 31 triggered the development of interventions 

aimed at reverting the immunosuppressive state of TDLN. This was further substantiated by 

studies showing superior CTL responses in mice where antigen and adjuvant-loaded 

nanovaccines were directed to TDLN, suggesting that the tumour antigen-experienced state of 

TLDN may be exploited despite its immunosuppressed state32, 33. Consequently, 

immunostimulatory compounds were applied to boost priming and effector functions of CTLs 

by for instance supplementing toll-like receptor (TLR) ligands34. Systemic delivery of 

immunostimulants failed to obtain clinical efficacy due to highly toxic side effects18, 

emphasizing the need for local administration.  

Clinical studies tested intradermal injection of CpG oligodeoxynucleotides (ODNs), that bind 

TLR-9, alone or together with cytokine granulocyte macrophage colony-stimulating factor 

(GM-CSF) around the primary tumour excision site of early stage melanoma patients35, 36. The 

combination was found to be superior in activating various DC subsets within TDLN, which 

coincided with an increased frequency of melanoma-specific CTLs and significantly reduced 

the occurrence of lymph node metastases36. Similarly, local peritumoural injection of oncolytic 

viruses able to infect and kill tumour cells and at the same time produce GM-CSF can lead to 

systemic anti-tumour CTL responses in melanoma patients37, 38. Clinical studies combining 

local administration of CpG ODNs with radiotherapy also demonstrated induction of systemic 

anti-tumour effects39, 40.  Furthermore, studies in animal models have shown that local and slow 

release of CTLA-4 blocking antibodies15-17, agonistic antibodies against the co-stimulatory 

receptors CD4041, 42 or others43 drive potent CTL responses and delay tumour growth. Notably, 

local administration of low doses of immune checkpoint blocking antibodies were equally 

effective when compared to high dose systemic administration in inducing systemic anti-

tumour immunity and immunological memory. Moreover, local immunotherapy avoids high 

serum antibody levels associated with systemic delivery, thereby limiting systemic non-specific 

T cell activation and inflammation15-17, 41, 42 and reducing toxicity.  

Rather than applying general immunostimulants that evoke broad immune cell activation, 

priming of tumour -specific CTLs requires providing DCs with synthetic tumour antigens, DC-

activating adjuvants and pro-inflammatory cytokines (reviewed in37, 44). These may be 

delivered through bolus injection or can be co-presented by solid phase polymer-based, lipid-

based or inorganic nanovaccines. Functionalization of nanoparticles with molecular ligands or 

tuning their net charge45 allows for selective targeting of cargo to the tumour46, draining lymph 
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nodes, or specific cell populations residing within TDLN47, 48. Alternatively, T cells may also 

be directly activated by artificial antigen presenting cells (APCs) - nanovaccines that mimic 

DCs in their antigen-presenting and T cell-priming function by presenting T-cell stimulatory 

ligands49. Thus, nanovaccines are especially useful to co-deliver multiple signals to immune 

cells in a tightly regulated manner at specific sites. 

Although strategies to reprogram immunosuppressed TDLN may evoke systemic immune 

responses, the continuous immunosuppressive state of the tumour microenvironment and 

TDLN may still prove insufficient to unleash the full potential of tumour-reactive CTLs and 

therefore warrants investigation of alternatives. The use of biomaterial-based scaffolds to boost 

the anti-tumour response is particularly promising as it not only provides opportunities for 

sustained delivery of immunomodulators or cells at a specific location with spatiotemporal 

control, but also accommodates the establishment of a permissive immunogenic 

microenvironment.   

 

Design of synthetic immune niches 

Engineered scaffolds with defined chemical, mechanical and physical properties create new 

opportunities for local cancer immunotherapy. They form the building blocks of synthetic 

immune niches, which are 3D biomaterial-based scaffolds that mimic natural lymph nodes and 

provide a localized alternative site for immune cell interaction, expansion and dispersion. 

Thereby, these synthetic immune niches can be exploited to modulate the (anti-cancer) immune 

response and circumvent immunosuppressed TDLN. Re-programming the anti-tumour immune 

response at an alternative location is reminiscent of extranodal immune cell activation that takes 

place in naturally occurring tertiary lymphoid structures (TLS) surrounding tumours. Notably, 

a high density of peritumoural TLS correlates with a higher Th1 and CD8+ memory T cell-

oriented infiltration within the tumour50 resulting in a significant favourable prognosis for 

almost all human cancers that harbour TLS51.  

The physical space provided by synthetic immune niches is essential for their function. Scaffold 

porosity ensures diffusion of nutrients and chemical cues throughout the matrix52, which is 

important for cell survival and regulation. Moreover, the interconnected porous architecture of 

the material provides space to encapsulate cells to create a depot of expanding immune cells, 

or allows incoming leukocytes in situ to interact with molecular signals decorated onto the 

scaffold.  As such, 3D scaffolds can modulate tumour-directed immune responses in two 

different manners: either by acting as a cellular delivery vehicle of potent immune cells together 

with immunomodulatory agents (FIG. 2), or as an engineered microenvironment that creates a 
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depot of activating ligands for incoming immune cells (FIG. 3). To function as synthetic 

immune niches, scaffolds must fulfil the following criteria: 1) structural rigidity to withstand 

tissue pressure, 2) porosity to accommodate in- and out-flux of immune cells, 3) spatiotemporal 

control over signalling cues to modulate immune cell function. Synthetic immune niches are 

particularly promising as they not only enable local immunomodulation in an immunogenic 

context, but also address limitations of current cancer immunotherapeutic strategies related to 

localized cellular delivery and sustained availability of immune stimulants. Another advantage 

of synthetic immune niches is that through careful design the release profiles of molecular and 

cellular cargo can be fine-tuned at high spatiotemporal resolution (BOX 1).  

 

Scaffold-based adoptive cell transfer  

Adoptive transfer of ex vivo-activated blood DCs pulsed with tumour peptides or expanded 

tumour-reactive T cells are promising immunotherapeutic strategies to generate protective anti-

tumour immune responses. However, challenges remain with respect to insufficient tumour 

localization, impaired cell survival, the need to deliver large numbers of cells and toxicity as a 

result of co-administered drugs10, 53, 54. We propose that delivering cells within 3D scaffolds is 

a powerful tool to localize immune cells to a specific site and provide them with additional cues 

to enhance their survival, activation and proliferation, followed by their continuous release into 

the environment (FIG. 2). Initial evidence for the validity for this approach was given using 

alginate-based hydrogels that self-gelate in situ for local delivery of ex-vivo activated DCs 

together with IL-15 superagonist (SA), to promote CD8+ T cell recruitment55-57. Subcutaneous 

injection of alginate hydrogels restricted tumour growth of established melanomas through 

local accumulation of a population of tumour-specific CTLs55, 56. This strategy proved more 

effective than injection of DCs and IL-15 SA alone, underlining the additive value of this 3D 

scaffold. Moreover, since ex vivo culturing of DCs is a laborious process, the authors tested 

delivery of alginate gels containing CpG ODNs and IL-15 SA without any DCs to the 

peritumoural site and observed comparable suppression of tumour growth56. In other mouse 

studies, delivery of DCs in macroporous fibrin gels significantly outperformed injection of free 

DCs with respect to delaying tumour outgrowth58. DCs were found to interact with CTLs that 

infiltrated the scaffolds, suggesting immune priming took place within the engineered niche. 

Interestingly, this approach resulted in systemic anti-tumour activity as it provided protection 

against tumour re-challenge. 

The delivery of tumour-specific T cells was initially explored using biodegradable PEG-g-

chitosan temperature sensitive hydrogels that gelate in situ upon injection59. Antigen-specific 
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CTLs could readily traffic through the hydrogel without losing their killing capacity. Another 

study using a different type of thermosensitive chitosan-based hydrogels found that mechanical 

properties, gelation behaviour and porosity of the scaffold are highly important for T cell 

survival, ensuring cellular proliferation and dispersion. Importantly, gels containing pores of 

50 to 500um in size optimally facilitated T cell escape towards the tumour, and maintained their 

ability to kill tumour cells60. Scaffold-based adoptive transfer of T cells was further explored 

by creating reservoirs of potent tumour-specific CTLs using macroporous alginate scaffolds 

decorated with adhesion peptides61. To promote activation and proliferation of encapsulated T 

cells, microparticles containing IL-15 SA and coated with αCD3, αCD28 and αCD137 agonistic 

antibodies were incorporated. Upon scaffold transplantation in different mouse tumour models, 

the residing and proliferating CTLs maintained a non-exhausted phenotype. Whilst this 

approach successfully prevented tumour outgrowth even when an immunosuppressive tumour 

microenvironment was present, direct injection of pre-stimulated CTLs without scaffold only 

gave a modest survival advantage.  

Together, these studies indicate that exploiting scaffolds as cellular delivery vehicles for 

adoptive cell therapy to expand DCs and CTLs in situ effectively boosts cell persistence and at 

the same time dictates and maintains cellular localization. We are convinced that in situ 

instruction and training of immune cells, as exemplified above, might greatly improve current 

protocols for ex vivo immune cell expansion.   

 

Scaffold-based cancer vaccines 

In addition to exploiting 3D scaffolds to create reservoirs of immune cells, we strongly believe 

that synthetic immune niches are excellent vaccine delivery vehicles. They guarantee localized 

and prolonged availability of multiple immunomodulatory factors in a spatiotemporal 

controlled manner. Moreover, the supplied matrix can be designed to attract cells in vivo and 

provide a local space where incoming DCs can take up tumour antigen in a controlled pro-

inflammatory environment (FIG. 3). 

Recent evidence indeed demonstrates successful presentation of immunomodulatory molecules 

at a localized site to where DCs are mobilized. Elegant studies explored the use of a two-step 

hybrid strategy, where initially DCs are recruited towards the matrix by engineering 

mPEG−PLGA hydrogels that release GM-CSF62. Next, viral and non-viral vectors carrying 

antigen and adjuvants were injected close to the gel. Importantly, DCs initially recruited 

towards the scaffold became activated and effectively migrated out of the scaffold towards the 

draining lymph node, leading to IFNγ production by CTLs. This two-step vaccine could 
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significantly impair tumour growth both in prophylactic and therapeutic melanoma tumour 

models. A more straightforward system was engineered by the Mooney lab, which designed a 

macroporous PLG matrix63, 64. Notably, whereas GM-CSF was released in a sustained manner 

from the scaffold facilitating DC recruitment, CpG and tumour lysate were immobilized onto 

the matrix and therefore provided continuous stimulation to incoming DCs. Implantation of this 

vaccine carrier induced a profound expansion of antigen-specific CTLs, resulting in a 

significant delay in tumour growth and enhanced survival in preclinical melanoma63, 65 and 

glioma models64. This approach proved to be highly flexible as an array of different 

chemokines, cytokines and adjuvants can be incorporated66, 67. This PLG-based scaffold 

vaccine is currently tested in a phase I clinical trial for metastastic melanoma68 

(NCT01753089). To overcome the cumbersome implantation of PLG matrices, Mooney and 

colleagues also explored biodegradable mesoporous silica rods as vaccine-delivery vehicles, 

which spontaneously self-assemble into a 3D scaffold upon subcutaneous injection69. Effective 

accumulation of mature APCs in the scaffold was observed, resulting in high numbers of 

tumour antigen-specific CTLs effectively delaying tumour growth. Pre-formed alginate 

cryogels form another group of attractive biomaterials. They are injectable as they collapse due 

to shear stress during injection, but rapidly regain shape once in the body70. Structure, 

mechanical strength and localization of these cryogels can be more precisely controlled than 

for instance in situ gelating systems71. Engineered macroporous cryogels containing GM-CSF, 

CpG ODNs and irradiated tumour cells facilitated influx of DCs and promote uptake of tumour 

antigen in an immunogenic context, resulting in long term protective anti-tumour immunity72. 

Combining these delivery systems with molecules that can modulate the immunosuppressive 

tumour microenvironment may further enhance priming and effector functions of tumour-

specific immune cells. Hence, a dextran-based injectable hydrogel was engineered, which 

slowly releases DC-recruiting chemokine CCL20 and presents microparticles containing IL-10 

siRNA and lymphoma plasmid DNA antigens73, 74. These multi-component immunomodulating 

immune niches provoked a Th1-oriented and strong CTL response, resulting in long-term 

tumour protection73, 74.   

Taken together, these studies elegantly show that while scaffold vaccines effectively restricted 

tumour growth, bolus injection of components without a scaffold appeared to be ineffective63-

65, 69, 72. This clearly demonstrates the potential of synthetic scaffolds for in situ modulation of 

immune responses, yet resulting in systemic anti-cancer immunity. More insight into the 

importance of immune cell trafficking in and out of 3D scaffolds, timing and sustained 

presentation of chemokines and immunomodulators is required to optimize these approaches. 
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Engineering next generation immunotherapies  

The multidisciplinary research discussed above underpins the importance of collaborative 

efforts between material engineers, chemists and immunologists to fully exploit the currently 

available and expanding toolbox of 3D biomaterial-based scaffolds. Synthetic immune niches 

will greatly improve current strategies for cancer immunotherapy in many aspects provided that 

they consist of 1) the right scaffolding materials, 2) the essential immunostimulatory cues, and 

3) work in a highly spatiotemporally controlled manner to support the different phases of the 

immune response, eventually resulting in systemic anti-cancer immunity .    

Several parameters need to be considered to design optimally functioning synthetic immune 

niches. First, it is important to establish the preferred location of synthetic immune niches with 

respect to the immunological response. Immune responses initiated in peritumoural TLS seem 

to be associated with superior tumour-control50, 51, suggesting that robust immune priming can 

take place in vicinity of the tumour, irrespective of the presence of tumour-derived 

immunosuppressive factors. Since so far most preclinical mouse models used in the work 

discussed here do not take tumour immunosuppression into account, research is needed that 

uses more sophisticated mouse models to examine the influence of tumour-derived 

immunosuppressive factors on the efficacy of scaffold-based immunotherapy in relation to the 

site of administration.   

Another important strength of re-programming anti-cancer immune responses using synthetic 

immune niches is the flexibility of this approach. Many tools are available to incorporate an 

array of molecular agents and drugs into scaffolds with varying release profiles (BOX 1). This 

might for example be exploited when loading scaffolds with ex vivo expanded CTLs, by 

incorporating cytokines such as IL-2 to promote T cell survival. A further extension of scaffold-

based immunotherapy might focus on engineering immune niches that not only enhance CTL 

responses, but simultaneously counteract tumour-induced immunosuppression. For example, 

by combining approaches discussed above with sustained delivery of immune checkpoint 

blocking antibodies65, 75, agonistic antibodies against co-stimulatory receptors76-78, 

immunostimulatory factors such as IFNα or TGF-β inhibitors79, 80 and/or siRNAs81-83 released 

from the scaffold or from nanovaccines incorporated into the scaffolds. Finally, scaffolds may 

support lymphoid neogenesis to simulate peritumoural TLS via delivery of lymphoid tissue 

inducer stromal cells84, 85, combinations of chemokines and cytokines86, or molecular ligands87 

that induce lymphoid tissue formation.  
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Obviously, the challenge is to make the right choices as the number of combinations is almost 

endless. This starts already with choosing which scaffold to use and how to decorate it, which 

will largely depend on what the ultimate goal is: expanding immune cells in-vivo, stimulating 

efflux of immune cells, attracting DCs for vaccination purposes, or slowly releasing immune 

checkpoint inhibitors, to mention a few. In addition, the immobilization strategies are of utmost 

importance to control temporal release of biomolecules (BOX 1). Most studies discussed here 

resort to slow release of non-covalently attached biomolecules. It will be particularly interesting 

to compare various incorporation strategies including covalent coupling of immunomodulators 

to study the influence of release profiles and force sensing on immune cell activation. Covalent 

binding of biomolecules may particularly improve the sustained availability of 

immunomodulatory signals and prevent systemic exposure by dictating their localization76, 77, 

thereby increasing both efficacy and safety. Future development of advanced methods to exert 

control over the incorporation and (conditional) release of immunomodulators  at high 

spatiotemporal resolution in 3D scaffolds may result in specific spacing of biomolecules to 

ensure optimal signalling, e.g. taking the complex clustering of immunomodulating molecules 

at the immunological synapse into consideration, or releasing molecules covalently linked to 

scaffolding materials under the influence of light or proteolytic cleavage. Such approaches are 

especially interesting when scaffolds will be exploited to act as artificial APCs to directly prime 

incoming T cells using covalently-attached T cell-stimulating ligands. Dissecting the basic 

mechanisms underlying the multitude of interactions within the immune system and the 

interaction of immune cells with their microenvironment is critical to advance the field of 

scaffold-based cancer immunotherapy and gain more control over anti-cancer immunity. 

Precise manipulation of the defined properties of synthetic biomaterials can expose these 

processes and therefore synthetic constructs will also need to be used as quantitative tools to 

study complex immunological processes88.  

 

Hurdles towards clinical translation 

To exploit the full potential of engineered synthetic immune niches and to facilitate clinical 

translation, several challenges will need to be addressed in the upcoming years. We feel that 

this novel field can particularly benefit from lessons learned in regenerative medicine with 

respect to translating biomaterial-based scaffolds to the clinic89.  

One important issue relates to the biocompatibility and degradation behaviour of biomaterial-

based scaffolds. Even though the likelihood of systemic toxicity is limited as scaffolds are 

applied locally, confined acute toxicity and inflammation may still arise in response to 
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biomaterials or factors dispersed from the scaffolds. Moreover, chronic inflammation and 

immune activation may occur depending on scaffold composition and degradation behaviour. 

After the first proof-of-principle studies demonstrated efficacy, the long-term safety of different 

types of scaffolds with specific combinations of bioactive molecules must be carefully 

examined. Another principal issue is to confirm the efficacy of synthetic immune niches in pre-

clinical mouse tumour models that recapitulate clinically observed tumour-induced tolerance, 

metastasis, and tumour heterogeneity. 

Importantly, regulatory and ethical issues need to be addressed early on when developing 

synthetic immune niches. This starts with preferentially exploiting GMP clinical grade 

materials in formulations already approved for clinical use, as it is easier to obtain clinical 

approval for modifications on existing systems89. Clinical translation is especially challenging 

as it often involves complex scaffolds that release multiple biomolecules and/or deliver 

autologous cells. We expect that cell-free scaffold-based cancer vaccines will move to the clinic 

first due to fewer regulations and relative simpler application, which present well-defined 

proteins and chemokines to the immune system in situ, similar to a current clinical trial applying 

PLG-based cancer vaccines68. Concurrently, the translation of functionalized scaffolds 

incorporating immune cells and/or immunomodulating signals will continue.     

 

Conclusions 

In this Opinion article, we propose that biomaterials-based 3D scaffolds hold great promise in 

overcoming restrictions related to limited efficacy and systemic toxicity associated with current 

immunotherapeutic strategies for cancer. The early work summarized here displays the 

unprecedented potential of scaffold-based adoptive cell therapy and scaffold-based cancer 

vaccines to impede tumour growth at a systemic level whilst preventing side effects through 

local administration. We believe that combining these approaches with counteracting tumour-

induced immunosuppression is especially promising to enforce systemic anti-cancer immunity, 

which is of particular relevance when treating patients in a metastatic setting.  

Main challenges in the upcoming years include not only optimizing the design and location of 

3D biomaterials but also controlling the spatiotemporal distribution of immunomodulating 

cues, as the timing of signals to steer immune cell recruitment, activation and proliferation is 

critical to the immunological response. This will require the development of methods to release 

or activate immunomodulators from these scaffolds in a spatiotemporally controlled manner. 

To facilitate clinical translation of synthetic immune niches, it is important to consider key 

design principles with respect to scaffold composition, degradation behaviour and 
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functionalization from the start on and investigate in depth the safety of these approaches. 

Multidisciplinary efforts from both materials sciences, chemistry and immunology are essential 

to achieve these goals.   

 

Box 1. Tools to engineer synthetic immune niches 

Synthetic immune niches are created from natural or synthetic biomaterials such as polymers, 

lipids or self-assembled structures. Various engineering tools are available to design scaffolds 

with defined physical, chemical and spatiotemporal characteristics which will influence the 

immunological response that may be expected, as extensively reviewed elsewhere90, 91. The 

choice and formulation of a scaffold will dictate its structural integrity, rigidity, porosity and 

degradation behaviour. Structural integrity and rigidity are essential to provide structural 

support to promote cell activation and interaction. Scaffold porosity is important as it dictates 

cellular in- and outflux and influences the surface area with which cells can interact. Pores 

ranging from 100 to 500um optimally ensure diffusion of nutrients and chemical cues 

throughout the matrix52. 

Scaffolds may be pre-formed and delivered via implantation58, 61, 63, or formulated such that 

they are injectable and gelate in situ, for instance in response to temperature59, 60, 62 or by 

addition of crosslinkers55-57. Minimal invasive delivery through injection is highly favourable, 

although pre-formed scaffolds enable more control over mechanical structure and localization 

of the scaffold, and prevent leakage of injected scaffold into the environment as might be the 

case for in situ gelating systems71. Alternatively, pre-formed scaffolds may be designed such 

that they can be compressed to ensure injectability, and regain shape after injection71, 72.  

The strategy by which biomolecules such as chemokines, immune activating ligands or 

antibodies are incorporated within the scaffold is critical to determine the spatiotemporal 

release profiles of these agents. First of all, the molecular size of a compound will influence the 

rate of diffusion through the matrix and into the environment. When compounds are  

incorporated into scaffolds via physical entrapment, the degradation behaviour of the material 

will further dictate its release. Immunomodulators may also be incorporated through non-

covalent hydrophobic or ionic interaction, in which case hydrophobicity and charge of both 

scaffold and biomolecules will affect cargo release. Finally, covalent coupling of biomolecules 

by for instance bio-orthogonal click chemistry enables their prolonged availability until the 

scaffold disintegrates.  Since often multiple incorporation strategies will work in a concerted 

fashion to determine the release profile of biomolecules, incorporation strategies of the desired 

biomolecules should be carefully considered in the early stages of designing 
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immunomodulatory scaffolds and experimentally tested to gain spatiotemporal control over the 

anti-tumour immune response. 

 

Choice and 
formulation of 

material 

Method of 
administration 

Integration of 
biomolecules 

 
Incorporation strategies 

Biocompatibility 
Biodegradability 

Structural integrity 
Porosity 
Rigidity 

Implantation 
Injection 

Chemokines 
Adhesion molecules 
Activating ligands 

Antibodies 
Cytokines 

Lymphogenic factors 

Physical entrapment 
Ionic interaction 

Hydrophobic interaction 
Covalent coupling 

 
Acknowledgements  

The authors thank A.B. van Spriel for critically reviewing the manuscript. This work was 

supported by Institute of Chemical Immunology grant 024.002.009.  CF is recipient of the 

NWO Spinoza award, ERC advanced grant PATHFINDER (269019) and KWO grant 2009-

4402 of the Dutch Cancer Society. 

 

Competing interests statement  

The authors declare no competing interests. 

 

 

 

 

 

 

 

 

 

 

 

 

Author biographies 

Jorieke Weiden received her M.Sc. degree in Biomedical Sciences cum laude from the Radboud 

University in Nijmegen. She performed internships at Newcastle University, the Netherlands 



 

13 

Cancer Institute and the Radboud Institute for Molecular Life Sciences. Jorieke is currently 

working as a Ph.D. candidate developing biomaterial-based scaffolds to modulate tumour-

specific T cell responses at the department of Tumor immunology in the Radboud University 

Medical Center. 

 

Dr. Jurjen Tel is an assistant professor in Immunoengineering. He received his PhD cum laude 

in 2013 from the Radboud University Nijmegen. Funded by a NWO-Veni grant (2013), he 

performed his postdoctoral research in the labs of Prof. Carl Figdor and Prof. Wilhelm Huck. 

Thereafter, he took up a position in the Department of Biomedical Engineering at the Eindhoven 

University of Technology to lead the new group in Immunoengineering with a focus on 

decoding cellular interactions exploiting microscale tools. 

 

Prof. Carl Figdor is heading the department of Tumor Immunology at the Radboud Institute for 

Molecular Life Sciences, located within the Radboud University Medical Center. He obtained 

his PhD at the Netherlands Cancer Institute, and focused throughout his career on tumor 

immunology and to translate basic findings towards the clinic. He is one of the founding fathers 

of the Institute for Chemical Immunology (http://chemicalimmunology.nl/en), aimed at 

integrating both disciplines, which is also of eminent importance to successfully develop 

synthetic immune niches. 

 
 

 

 

 

 

 

 

 

 

 

  



 

14 

References 
 
1. Hodi, F.S. et al. Improved survival with ipilimumab in patients with metastatic melanoma. N 

Engl J Med 363, 711-23 (2010). 
2. Robert, C. et al. Nivolumab in previously untreated melanoma without BRAF mutation. N 

Engl J Med 372, 320-30 (2015). 
3. Larkin, J. et al. Combined Nivolumab and Ipilimumab or Monotherapy in Untreated 

Melanoma. N Engl J Med 373, 23-34 (2015). 
4. Michot, J.M. et al. Immune-related adverse events with immune checkpoint blockade: a 

comprehensive review. Eur J Cancer 54, 139-48 (2016). 
5. Dudley, M.E. et al. Randomized selection design trial evaluating CD8+-enriched versus 

unselected tumor-infiltrating lymphocytes for adoptive cell therapy for patients with 
melanoma. J Clin Oncol 31, 2152-9 (2013). 

6. Stevanovic, S. et al. Complete regression of metastatic cervical cancer after treatment with 
human papillomavirus-targeted tumor-infiltrating T cells. J Clin Oncol 33, 1543-50 (2015). 

7. Junker, N. et al. Bimodal ex vivo expansion of T cells from patients with head and neck 
squamous cell carcinoma: a prerequisite for adoptive cell transfer. Cytotherapy 13, 822-34 
(2011). 

8. Ahmed, N. et al. Human Epidermal Growth Factor Receptor 2 (HER2) -Specific Chimeric 
Antigen Receptor-Modified T Cells for the Immunotherapy of HER2-Positive Sarcoma. J Clin 
Oncol 33, 1688-96 (2015). 

9. Rosenberg, S.A. et al. Durable complete responses in heavily pretreated patients with 
metastatic melanoma using T-cell transfer immunotherapy. Clin Cancer Res 17, 4550-7 
(2011). 

10. Rosenberg, S.A. & Restifo, N.P. Adoptive cell transfer as personalized immunotherapy for 
human cancer. Science 348, 62-8 (2015). 

11. Tel, J. et al. Natural human plasmacytoid dendritic cells induce antigen-specific T-cell 
responses in melanoma patients. Cancer Res 73, 1063-75 (2013). 

12. Schreibelt, G. et al. Effective Clinical Responses in Metastatic Melanoma Patients after 
Vaccination with Primary Myeloid Dendritic Cells. Clin Cancer Res 22, 2155-66 (2016). 

13. van der Burg, S.H., Arens, R., Ossendorp, F., van Hall, T. & Melief, C.J. Vaccines for established 
cancer: overcoming the challenges posed by immune evasion. Nat Rev Cancer 16, 219-33 
(2016). 

14. Wesley, J.D., Whitmore, J., Trager, J. & Sheikh, N. An overview of sipuleucel-T: autologous 
cellular immunotherapy for prostate cancer. Hum Vaccin Immunother 8, 520-7 (2012). 

15. van Hooren, L. et al. Local checkpoint inhibition of CTLA-4 as a monotherapy or in 
combination with anti-PD1 prevents the growth of murine bladder cancer. Eur J Immunol 47, 
385-393 (2017). 

16. Fransen, M.F., van der Sluis, T.C., Ossendorp, F., Arens, R. & Melief, C.J. Controlled local 
delivery of CTLA-4 blocking antibody induces CD8+ T-cell-dependent tumor eradication and 
decreases risk of toxic side effects. Clin Cancer Res 19, 5381-9 (2013). 

17. Sandin, L.C. et al. Local CTLA4 blockade effectively restrains experimental pancreatic 
adenocarcinoma growth in vivo. Oncoimmunology 3, e27614 (2014). 

18. Fransen, M.F., Arens, R. & Melief, C.J. Local targets for immune therapy to cancer: tumor 
draining lymph nodes and tumor microenvironment. Int J Cancer 132, 1971-6 (2013). 

19. Marabelle, A., Kohrt, H., Caux, C. & Levy, R. Intratumoral immunization: a new paradigm for 
cancer therapy. Clin Cancer Res 20, 1747-56 (2014). 

20. Van der Jeught, K. et al. Targeting the tumor microenvironment to enhance antitumor 
immune responses. Oncotarget 6, 1359-81 (2015). 

21. Munn, D.H. & Mellor, A.L. The tumor-draining lymph node as an immune-privileged site. 
Immunol Rev 213, 146-58 (2006). 



 

15 

22. Schreiber, R.D., Old, L.J. & Smyth, M.J. Cancer immunoediting: integrating immunity's roles in 
cancer suppression and promotion. Science 331, 1565-70 (2011). 

23. Gajewski, T.F. et al. Immune resistance orchestrated by the tumor microenvironment. 
Immunol Rev 213, 131-45 (2006). 

24. Bhatia, A. & Kumar, Y. Cellular and molecular mechanisms in cancer immune escape: a 
comprehensive review. Expert Rev Clin Immunol 10, 41-62 (2014). 

25. Fridman, W.H., Pages, F., Sautes-Fridman, C. & Galon, J. The immune contexture in human 
tumours: impact on clinical outcome. Nat Rev Cancer 12, 298-306 (2012). 

26. Lee, J.H. et al. Quantitative analysis of melanoma-induced cytokine-mediated 
immunosuppression in melanoma sentinel nodes. Clin Cancer Res 11, 107-12 (2005). 

27. Torisu-Itakura, H. et al. Molecular characterization of inflammatory genes in sentinel and 
nonsentinel nodes in melanoma. Clin Cancer Res 13, 3125-32 (2007). 

28. Kohrt, H.E. et al. Profile of immune cells in axillary lymph nodes predicts disease-free survival 
in breast cancer. PLoS Med 2, e284 (2005). 

29. Gai, X.D., Li, C., Song, Y., Lei, Y.M. & Yang, B.X. analysis of FOXP3 regulatory T cells and 
myeloid dendritic cells in human colorectal cancer tissue and tumor-draining lymph node. 
Biomed Rep 1, 207-212 (2013). 

30. Vence, L. et al. Circulating tumor antigen-specific regulatory T cells in patients with 
metastatic melanoma. Proc Natl Acad Sci U S A 104, 20884-9 (2007). 

31. Diaz-Montero, C.M. et al. Increased circulating myeloid-derived suppressor cells correlate 
with clinical cancer stage, metastatic tumor burden, and doxorubicin-cyclophosphamide 
chemotherapy. Cancer Immunol Immunother 58, 49-59 (2009). 

32. Thomas, S.N., Vokali, E., Lund, A.W., Hubbell, J.A. & Swartz, M.A. Targeting the tumor-
draining lymph node with adjuvanted nanoparticles reshapes the anti-tumor immune 
response. Biomaterials 35, 814-24 (2014). 

33. Jeanbart, L. et al. Enhancing efficacy of anticancer vaccines by targeted delivery to tumor-
draining lymph nodes. Cancer Immunol Res 2, 436-47 (2014). 

34. Peggs, K.S., Quezada, S.A. & Allison, J.P. Cancer immunotherapy: co-stimulatory agonists and 
co-inhibitory antagonists. Clin Exp Immunol 157, 9-19 (2009). 

35. Sluijter, B. et al. Arming the Melanoma SLN through local administration of CpG-B and GM-
CSF: recruitment and activation of BDCA3/CD141+ DC and enhanced cross-presentation. 
Cancer Immunol Res (2015). 

36. van den Hout, M.F. et al. Local delivery of CpG-B and GM-CSF induces concerted activation of 
effector and regulatory T cells in the human melanoma sentinel lymph node. Cancer 
Immunol Immunother 65, 405-15 (2016). 

37. Andtbacka, R.H. et al. Talimogene Laherparepvec Improves Durable Response Rate in 
Patients With Advanced Melanoma. J Clin Oncol 33, 2780-8 (2015). 

38. Kaufman, H.L. et al. Systemic versus local responses in melanoma patients treated with 
talimogene laherparepvec from a multi-institutional phase II study. J Immunother Cancer 4, 
12 (2016). 

39. Brody, J.D. et al. In situ vaccination with a TLR9 agonist induces systemic lymphoma 
regression: a phase I/II study. J Clin Oncol 28, 4324-32 (2010). 

40. Kim, Y.H. et al. In situ vaccination against mycosis fungoides by intratumoral injection of a 
TLR9 agonist combined with radiation: a phase 1/2 study. Blood 119, 355-63 (2012). 

41. Sandin, L.C. et al. Locally delivered CD40 agonist antibody accumulates in secondary 
lymphoid organs and eradicates experimental disseminated bladder cancer. Cancer Immunol 
Res 2, 80-90 (2014). 

42. Fransen, M.F., Sluijter, M., Morreau, H., Arens, R. & Melief, C.J. Local activation of CD8 T cells 
and systemic tumor eradication without toxicity via slow release and local delivery of 
agonistic CD40 antibody. Clin Cancer Res 17, 2270-80 (2011). 



 

16 

43. Ellmark, P., Mangsbo, S.M., Furebring, C., Norlen, P. & Totterman, T.H. Tumor-directed 
immunotherapy can generate tumor-specific T cell responses through localized co-
stimulation. Cancer Immunol Immunother 66, 1-7 (2017). 

44. Fontana, F., Liu, D., Hirvonen, J. & Santos, H.A. Delivery of therapeutics with nanoparticles: 
what's new in cancer immunotherapy? Wiley Interdiscip Rev Nanomed Nanobiotechnol 9 
(2017). 

45. Kranz, L.M. et al. Systemic RNA delivery to dendritic cells exploits antiviral defence for cancer 
immunotherapy. Nature 534, 396-401 (2016). 

46. Qian, X. et al. In vivo tumor targeting and spectroscopic detection with surface-enhanced 
Raman nanoparticle tags. Nat Biotechnol 26, 83-90 (2008). 

47. Rosalia, R.A. et al. CD40-targeted dendritic cell delivery of PLGA-nanoparticle vaccines induce 
potent anti-tumor responses. Biomaterials 40, 88-97 (2015). 

48. Cruz, L.J. et al. Targeted PLGA nano- but not microparticles specifically deliver antigen to 
human dendritic cells via DC-SIGN in vitro. J Control Release 144, 118-26 (2010). 

49. Eggermont, L.J., Paulis, L.E., Tel, J. & Figdor, C.G. Towards efficient cancer immunotherapy: 
advances in developing artificial antigen-presenting cells. Trends Biotechnol 32, 456-65 
(2014). 

50. Goc, J. et al. Dendritic cells in tumor-associated tertiary lymphoid structures signal a Th1 
cytotoxic immune contexture and license the positive prognostic value of infiltrating CD8+ T 
cells. Cancer Res 74, 705-15 (2014). 

51. Sautes-Fridman, C. et al. Tertiary Lymphoid Structures in Cancers: Prognostic Value, 
Regulation, and Manipulation for Therapeutic Intervention. Front Immunol 7, 407 (2016). 

52. Ikada, Y. Challenges in tissue engineering. J R Soc Interface 3, 589-601 (2006). 
53. Edele, F. et al. Efficiency of dendritic cell vaccination against B16 melanoma depends on the 

immunization route. PLoS One 9, e105266 (2014). 
54. Chen, L., Fabian, K.L., Taylor, J.L. & Storkus, W.J. Therapeutic use of dendritic cells to 

promote the extranodal priming of anti-tumor immunity. Front Immunol 4, 388 (2013). 
55. Hori, Y., Winans, A.M., Huang, C.C., Horrigan, E.M. & Irvine, D.J. Injectable dendritic cell-

carrying alginate gels for immunization and immunotherapy. Biomaterials 29, 3671-82 
(2008). 

56. Hori, Y., Stern, P.J., Hynes, R.O. & Irvine, D.J. Engulfing tumors with synthetic extracellular 
matrices for cancer immunotherapy. Biomaterials 30, 6757-67 (2009). 

57. Hori, Y., Winans, A.M. & Irvine, D.J. Modular injectable matrices based on alginate 
solution/microsphere mixtures that gel in situ and co-deliver immunomodulatory factors. 
Acta Biomater 5, 969-82 (2009). 

58. Verma, V. et al. Activated dendritic cells delivered in tissue compatible biomatrices induce in-
situ anti-tumor CTL responses leading to tumor regression. Oncotarget 7, 39894-39906 
(2016). 

59. Tsao, C.T. et al. Thermoreversible poly(ethylene glycol)-g-chitosan hydrogel as a therapeutic 
T lymphocyte depot for localized glioblastoma immunotherapy. Biomacromolecules 15, 
2656-62 (2014). 

60. Monette, A., Ceccaldi, C., Assaad, E., Lerouge, S. & Lapointe, R. Chitosan thermogels for local 
expansion and delivery of tumor-specific T lymphocytes towards enhanced cancer 
immunotherapies. Biomaterials 75, 237-49 (2016). 

61. Stephan, S.B. et al. Biopolymer implants enhance the efficacy of adoptive T-cell therapy. Nat 
Biotechnol 33, 97-101 (2015). 

62. Liu, Y. et al. In situ modulation of dendritic cells by injectable thermosensitive hydrogels for 
cancer vaccines in mice. Biomacromolecules 15, 3836-45 (2014). 

63. Ali, O.A., Huebsch, N., Cao, L., Dranoff, G. & Mooney, D.J. Infection-mimicking materials to 
program dendritic cells in situ. Nat Mater 8, 151-8 (2009). 

64. Ali, O.A. et al. Biomaterial-based vaccine induces regression of established intracranial glioma 
in rats. Pharm Res 28, 1074-80 (2011). 



 

17 

65. Ali, O.A., Lewin, S.A., Dranoff, G. & Mooney, D.J. Vaccines Combined with Immune 
Checkpoint Antibodies Promote Cytotoxic T-cell Activity and Tumor Eradication. Cancer 
Immunol Res 4, 95-100 (2016). 

66. Ali, O.A. et al. Identification of immune factors regulating antitumor immunity using 
polymeric vaccines with multiple adjuvants. Cancer Res 74, 1670-81 (2014). 

67. Ali, O.A., Tayalia, P., Shvartsman, D., Lewin, S. & Mooney, D.J. Inflammatory cytokines 
presented from polymer matrices differentially generate and activate DCs in situ. Adv Funct 
Mater 23, 4621-4628 (2013). 

68. US National Library of Medicine. ClinicalTrials.gov, 
https://clinicaltrials.gov/show/NCT01753089.  (2012). 

69. Kim, J. et al. Injectable, spontaneously assembling, inorganic scaffolds modulate immune 
cells in vivo and increase vaccine efficacy. Nat Biotechnol 33, 64-72 (2015). 

70. Bencherif, S.A. et al. Injectable preformed scaffolds with shape-memory properties. Proc Natl 
Acad Sci U S A 109, 19590-5 (2012). 

71. Guvendiren, M., Lu, H.D. & Burdick, J.A. Shear-thinning hydrogels for biomedical applications. 
Soft Matter 8, 260-272 (2012). 

72. Bencherif, S.A. et al. Injectable cryogel-based whole-cell cancer vaccines. Nat Commun 6, 
7556 (2015). 

73. Singh, A., Suri, S. & Roy, K. In-situ crosslinking hydrogels for combinatorial delivery of 
chemokines and siRNA-DNA carrying microparticles to dendritic cells. Biomaterials 30, 5187-
200 (2009). 

74. Singh, A. et al. An injectable synthetic immune-priming center mediates efficient T-cell class 
switching and T-helper 1 response against B cell lymphoma. J Control Release 155, 184-92 
(2011). 

75. Lei, C. et al. Local release of highly loaded antibodies from functionalized nanoporous 
support for cancer immunotherapy. J Am Chem Soc 132, 6906-7 (2010). 

76. Kwong, B., Gai, S.A., Elkhader, J., Wittrup, K.D. & Irvine, D.J. Localized immunotherapy via 
liposome-anchored Anti-CD137 + IL-2 prevents lethal toxicity and elicits local and systemic 
antitumor immunity. Cancer Res 73, 1547-58 (2013). 

77. Kwong, B., Liu, H. & Irvine, D.J. Induction of potent anti-tumor responses while eliminating 
systemic side effects via liposome-anchored combinatorial immunotherapy. Biomaterials 32, 
5134-47 (2011). 

78. Chen, M., Ouyang, H., Zhou, S., Li, J. & Ye, Y. PLGA-nanoparticle mediated delivery of anti-
OX40 monoclonal antibody enhances anti-tumor cytotoxic T cell responses. Cell Immunol 
287, 91-9 (2014). 

79. Park, J. et al. Combination delivery of TGF-beta inhibitor and IL-2 by nanoscale liposomal 
polymeric gels enhances tumour immunotherapy. Nat Mater 11, 895-905 (2012). 

80. Xu, K. et al. Injectable hyaluronic acid-tyramine hydrogels incorporating interferon-alpha2a 
for liver cancer therapy. J Control Release 166, 203-10 (2013). 

81. Roeven, M.W. et al. Efficient nontoxic delivery of PD-L1 and PD-L2 siRNA into dendritic cell 
vaccines using the cationic lipid SAINT-18. J Immunother 38, 145-54 (2015). 

82. Teo, P.Y. et al. Ovarian cancer immunotherapy using PD-L1 siRNA targeted delivery from folic 
acid-functionalized polyethylenimine: strategies to enhance T cell killing. Adv Healthc Mater 
4, 1180-9 (2015). 

83. Pradhan, P. et al. The effect of combined IL10 siRNA and CpG ODN as pathogen-mimicking 
microparticles on Th1/Th2 cytokine balance in dendritic cells and protective immunity 
against B cell lymphoma. Biomaterials 35, 5491-504 (2014). 

84. Suematsu, S. & Watanabe, T. Generation of a synthetic lymphoid tissue-like organoid in mice. 
Nat Biotechnol 22, 1539-45 (2004). 

85. Okamoto, N., Chihara, R., Shimizu, C., Nishimoto, S. & Watanabe, T. Artificial lymph nodes 
induce potent secondary immune responses in naive and immunodeficient mice. J Clin Invest 
117, 997-1007 (2007). 



 

18 

86. Kobayashi, Y. & Watanabe, T. Gel-Trapped Lymphorganogenic Chemokines Trigger Artificial 
Tertiary Lymphoid Organs and Mount Adaptive Immune Responses In Vivo. Front Immunol 7, 
316 (2016). 

87. Tang, H. et al. Facilitating T Cell Infiltration in Tumor Microenvironment Overcomes 
Resistance to PD-L1 Blockade. Cancer Cell 30, 500 (2016). 

88. Adutler-Lieber, S. et al. Engineering of synthetic cellular microenvironments: implications for 
immunity. J Autoimmun 54, 100-11 (2014). 

89. Pashuck, E.T. & Stevens, M.M. Designing regenerative biomaterial therapies for the clinic. Sci 
Transl Med 4, 160sr4 (2012). 

90. Purwada, A., Roy, K. & Singh, A. Engineering vaccines and niches for immune modulation. 
Acta Biomater 10, 1728-40 (2014). 

91. Hotaling, N.A., Tang, L., Irvine, D.J. & Babensee, J.E. Biomaterial Strategies for 
Immunomodulation. Annu Rev Biomed Eng 17, 317-49 (2015). 

 
 
 
 
 
 
  



 

19 

  

Figure 1. Synthetic immune niches act locally to control the anti-
tumour immune response. Current immunotherapeutic strategies are 
often delivered intravenously, resulting in systemic exposure (indicated 
in red) and treatment-associated toxicity. This includes cellular 
immunotherapies that deliver ex-vivo-expanded immune cells (dendritic 
cell (DC) vaccination, adoptive T cell therapy using tumour-infiltrating 
lymphocytes (TIL) or chimeric antigen receptor (CAR) engineered T 
cells), or in vivo acting nanovaccines, immune checkpoint inhibitors and 
cytokines. On the other hand, local administration may result in more 
effective treatment at lower dose while at the same time preventing 
systemic toxicity. Applying synthetic immune niches for scaffold-based 
adoptive cell transfer and scaffold-based cancer vaccination not only 
enables local immunomodulation but may also overcome other 
limitations of current immunotherapeutic interventions related to cellular 
delivery and sustained availability of immunostimulatory agents.    
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Figure 2. Scaffold-based adoptive cell transfer. Scaffolds 
are loaded ex vivo with antigen-loaded activated dendritic 
cells or pre-stimulated tumour-specific T cells. Stimulatory 
agents can be included to support cell survival, activation and 
expansion. After administration of the matrix close to the 
tumour site, potent immune cells proliferate within the 
scaffold and are released continuously into the tissue 
environment.  
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Figure 3. Scaffold-based cancer vaccines. Scaffolds are designed 
to locally recruit immune cells through the release of 
chemoattractants. Incoming immune cells are (re-) programmed in 
situ through the stimulatory signals that they encounter within the 
scaffold such as antigens and adjuvants, thereby generating mature 
antigen-loaded DCs. Subsequent T cell priming can occur within 
the scaffold or by DCs that migrate out of the scaffold towards the 
draining lymph node.  


