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Immunoengineering with Supramolecular Peptide 
Biomaterials

1 Introduction
The applied use of supramolecular chemistry 
underlies a powerful approach to the creation of 
functional materials with broad-reaching appli-
cations1–5. The supramolecular motifs within 
these materials, typically comprised of hydrogen 
bonds, hydrophobic interactions, and π–π inter-
actions, lead to a number of emergent properties 
as a result of their dynamics which are, typically, 
governed by equilibrium thermodynamics2. In 
particular, the use of supramolecular design to 
create biomaterials affords platforms that are 
highly modular, tunable, dynamic, and respon-
sive to small changes in their environments6. The 
properties underlying these materials are typically 
rooted in their specific yet reversible molecular-
level interactions. Supramolecular biomaterials 
can be broadly classified into two specific catego-
ries. The first category includes biomaterials pre-
pared by dynamic crosslinking or chain extension 
of oligomeric building blocks to realize percolated 
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Abstract | The versatility of supramolecular design in creating biomateri-
als and drug delivery devices for applications in medicine has gained 
considerable traction in recent years. The design of peptide-based 
self-assembling materials is one example of a highly useful and biomi-
metic approach to the generation of supramolecular biomaterials. One 
exciting area where designed supramolecular biomaterials created 
from peptides have demonstrated promise is in the field of immunoen-
gineering. Specifically, peptide-based biomaterials have been used in 
several different contexts to modify the host immune system through the 
controlled release of active signaling proteins, pharmaceutical agents, 
or gasotransmitters. In a separate approach, this class of materials has 
emerged as a powerful immune-modulating strategy that can enlist the 
adaptive immune system in mounting a cellular or humoral immune 
response to a presented epitope or antigen. The ease with which these 
materials are synthesized, their alignment with injection-based proce-
dures, their low toxicity, and their rapid biodegradation make these use-
ful materials for application in immunoengineering.
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three-dimensional networks, made possible by 
supramolecular affinity interactions serving as 
effective “crosslinking” interactions7–11. The sec-
ond category includes non-covalent interactions 
such as biomaterials formed from entanglement 
of one-dimensional stacks of materials that arise 
from an axis of non-covalent interactions, leading 
to structures with lengths many orders of magni-
tude greater than their widths. These materials in 
some ways resemble traditional polymers, with 
the rigidity and high persistence length of these 
one-dimensional assemblies enabling entangle-
ment and bundling into percolated material net-
works and hydrogels.

The most extensively used supramolecular 
biomaterials of the category arising from one-
dimensional structures are prepared from self-
assembly of peptidic building blocks into stacked 
one-dimensional nanostructures (Fig. 1)12–17. The 
filamentous nanostructures resulting from this 
assembly affords a versatile platform with which 
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Supramolecular Chemistry: 
Chemical systems made 
up of specific or ordered 
arrangements of molecules, 
achieved through designed 
non-covalent interactions.

Self-Assembly: An 
equilibrium-governed process 
in which a disordered system 
of molecules forms organized 
structures as a consequence 
of specific, local interac-
tions among the molecules 
themselves, without external 
direction.
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to create physically entangled network materi-
als and bioactive filaments3. As a building block, 
peptides are attractive for their versatility, ease of 
synthesis, vast sequence space, cost-effectiveness, 
precise selectivity, biocompatibility, and typical 
biodegradability. In addition, peptides play an 
important role in various cellular and subcel-
lular biological processes. Such properties make 
peptides an important functional biomaterial 
and have led to the investigation of peptides and 
peptide-based biomaterials in various biomedical 
applications such as drug delivery, tissue engi-
neering, wound healing, and immunology3, 17.  
Peptide-based supramolecular biomaterials are 
also highly adaptive and responsive, and can 
reconfigure or self-heal in response to external 
stimuli18–21. These features can be further aug-
mented with the use of biocatalytic processes that 
leverage enzymes as an actuator of assembly state 
and morphology14, 15, 22–26.

There is rapidly growing interest in the use of 
engineered biomaterials in the context of immu-
noengineering—that is, using materials in a func-
tional way to actively augment or stimulate an 
immune response27–30. Supramolecular peptide 
biomaterials have been included in this body of 
work. Some distinct and beneficial features of 
peptide-based supramolecular biomaterials for 
use in immunoengineering include modular-
ity, multivalency, and spatiotemporal control of 
nanoscale morphology28. This is added to diverse 
sequence-specific control over a presented signal 
or stimulus. In this brief review, we will highlight 
different applications for supramolecular pep-
tide biomaterials in immunoengineering. We will 
discuss two primary routes by which an immune 

Immunomodulation: The 
induction, amplification, 
modulation, or attenuation 
of an immune response to 
achieve a therapeutic goal.

response can be leveraged using this class of 
materials. In the first case, immunomodulation 
is achieved through classical drug delivery prin-
ciples in the release of active small molecules 
or signaling proteins that govern an immune 
response. In the second case, the high-density 
presentation of immune-recognized sequences 
on supramolecular peptide biomaterials is used 
to elicit an immune response in a manner remi-
niscent of vaccination. We will discuss the design 
and use of these classes of materials, and their 
therapeutic relevance in the context of the emerg-
ing field of immunoengineering.

2  Immunomodulation Through Controlled 
Release

One classical use for peptide-based supramolecu-
lar biomaterials is as percolated networks for the 
encapsulation and release of a therapeutic pay-
load. This is typically achieved through two 
mechanisms: (1) the passive incorporation of a 
therapeutic molecule within the network through 
entrapment or partitioning, or (2) controlled 
incorporation of a therapeutic molecule through 
covalent attachment by way of labile linkages. 
Here, we will highlight both mechanisms used in 
the delivery of signaling proteins, anti-inflamma-
tory drugs, and signaling gases from peptide-
based supramolecular biomaterials. In each case, 
the molecule released is responsible for modulat-
ing an immune response. This includes both pro-
inflammatory and anti-inflammatory function. 
We describe different technologies to control 
release of payload and the applications possible 
for such a material.

Labile linkages: Covalent 
bonds designed to rupture 
as a function of some envi-
ronmental cue such as pH, 
temperature, or presence of 
enzyme.

Figure 1: Cartoon representation of the assembly of peptide-based supramolecular biomaterials across 
length scales.
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2.1  Cytokine Delivery
Cytokines, a broad class of small proteins 
(approximately 5–20 kDa), play a vital role in 
various physiological processes including regula-
tion of immune and inflammatory responses31, 32.  
They are also important in cell signaling and 
serve as immune-modulating agents. A num-
ber of cytokines are involved in components of 
an immune response, including those from the 
family of interleukins, lymphokines, interferons 
(IFNs), and tumor necrosis factor (TNF)33,34. 
Because of their role in directing both innate and 
adaptive immune response, the controlled release 
of these cytokines has been explored from a num-
ber of different materials35, 36. Supramolecular 
biomaterials prepared from peptides have utility 
in the controlled release of such signaling pro-
teins. In this direction, the tunable properties and 
chemical features of peptide-based supramolecu-
lar materials offer control of network properties 
which may be altered to dictate release kinetics 
of the encapsulated protein. For example, con-
trolled and sustained release of cytokines from 
supramolecular peptide materials can be dictated 
by surface charge in the assembled peptide nano-
structures. Accordingly, the materials are able to 
encapsulate and release a number of cytokines 
from different peptide hydrogel scaffolds with 
different isoelectric points and net charges35. The 
release of cytokines from these materials based 
upon the overall charge of the peptides serves as 
an effective modulator for the release and func-
tional activity of cytokines by controlling the 
physicochemical environment in the material35. 
Beyond passive encapsulation of such signaling 
proteins, the high density display of peptides on 
the surface of these materials enables presenta-
tion of peptide-binding groups, such as those 
derived from phage display, with affinity for a 
protein of interest37, 38. A similar approach has 
demonstrated capture of active signaling mole-
cules via presentation of heparin sulfate39. By lev-
eraging molecular affinity, the rate at which the 
bound protein in each of these cases is released 
may be extended, and the protein may also serve 
as an active cue in its presentation on the surface 
of the material.

2.2  Delivery of Signaling Gases
The role of low concentrations of soluble signal-
ing gases, known as gasotransmitters, in dictating 
function of cells and tissues has been increasingly 
appreciated. Many such signaling gases, including 
carbon monoxide (CO), hydrogen sulfide  (H2S), 
and nitric oxide (NO), function on a protein 

level in contributing to anti-inflammatory redox 
signaling, and as such play an important role in 
immunomodulation40. The best-known gas-
otransmitter, NO, acts as a defense molecule 
against infection while also regulating the func-
tion of immune cells. Supramolecular peptide 
biomaterials have been used for the encapsulation 
and release of small molecule NO donors, dem-
onstrating prevention of inflammation-mediated 
neointimal hyperplasia in an injured blood ves-
sel41. In this example, NO was released from 
the peptide hydrogel over 4 days, a significant 
extension in release when compared to the free 
donor molecules. An alternate approach dem-
onstrated enzyme-triggered release of NO from 
a β-galactosidase-responsive caged NO donor 
encapsulated in a peptide material42 (Fig. 2a–c). 
This NO-releasing supramolecular biomaterial 
was evaluated for treatment of myocardial infarc-
tion in conjunction with adipose-derived mesen-
chymal stem cells to facilitate the release of NO at 
the site of injury43. Building on work to passively 
encapsulate small-molecule NO donors, NO 
donors have been instead covalently incorporated 
in the structure of supramolecular peptide mate-
rials. In one example, a systemically administered 
supramolecular peptide nanofiber targeted to 
bind to sites of injured blood vessels was further 
modified demonstrating prevention of restenosis 
following vascular injury44. Another approach 
to releasing NO payloads was demonstrated by 
inclusion of multiple nitric oxide donors onto 
the lysine side chains of a self-assembled pep-
tide material45. NO was released from this pep-
tide matrix over a period of 1 month, promoting 
endothelial cell proliferation and limiting smooth 
muscle cell proliferation. This material has been 
further explored in conjunction with a strategy to 
treat type 1 diabetes46.

The use of supramolecular peptides has 
extended to the release of other immune-mod-
ulating signaling gases as well. This has included 
the release of CO through the use of a ruthe-
nium-based donor appended to an amino acid 
side chain on a self-assembling peptide47. The 
hydrogel state of this material prolongs carbon 
monoxide release and affords anti-inflammatory 
protective effects on cells exposed to oxidative 
stress. In another approach, self-assembling pep-
tides were demonstrated for the release of  H2S by 
modifying a peptide gelator with an S-aroylth-
iooxime (SATO), which releases  H2S when 
triggered by a free thiol, such as physiologic con-
centrations of soluble cysteine48. Again, the ability 
of this material to form supramolecular hydrogels 

Controlled release: Pharma-
ceutical formulation science 
surrounding the encapsula-
tion and delivery of a drug 
or therapeutic payload, often 
using materials to alter the 
kinetics of availability of the 
therapeutic agent.

Gasotransmitters: Physi-
ologically produced small 
molecule gases with 
well-defined and specific 
functions in biological signal 
transduction.
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prolonged the release of  H2S from a cytocompat-
ible hydrogel.

2.3  Delivery of Small Drug Molecules
Peptide-based supramolecular biomaterials 
afford the ability to deliver a number of hydro-
phobic small molecule drugs through passive 
adsorption or encapsulation. For example, the 
anti-oxidant and anti-inflammatory drug cur-
cumin has been encapsulated into hydrophobic 
regions of supramolecular peptides49. The use of 
supramolecular peptide biomaterials for the 
release of anti-inflammatory drugs through rup-
ture of labile covalent bonds is also an approach 
that has been used to ensure localized and sus-
tained release of these small molecule drugs. For 
example, appendage of the anti-inflammatory 
drug nabumetone via a hydrazone linkage facili-
tates prolonged release of the small molecule 
drug in hydrogels prepared from self-assembling 
peptides50 (Fig. 3). This approach of using hydra-
zones to extend drug release from a supramolecu-
lar peptide material can be further augmented in 
molecular design of gelator molecules. As such, 
the position of the appended drug on a supramo-
lecular peptide has been found to dictate the 
release kinetics51. This arises as a result of differ-
ences in the relative degree of solvation in differ-
ent regions of assembled peptide nanostructures. 
This approach was also used to control the release 
of the common anti-inflammatory drug dexa-
methasone from supramolecular peptide 

Zero-order release: The 
release kinetics wherein the 
drug release rate is constant 
and linear over a prolonged 
period of time, and thus inde-
pendent of drug concentra-
tion in the material.

hydrogels52 (Fig. 3d–f). In this case, supramolecu-
lar hydrogels led to a prolonged zero-order release 
of the drug. When applied in an animal model of 
local inflammation arising from implantation of 
a biomedical device, the use of this material miti-
gated inflammation locally while not altering 
immune response at a tissue site that was 1–2 cm 
away in the same animal. Self-assembling prod-
rugs have also been created from anti-inflamma-
tory drugs using these as a hydrophobic driving 
force with covalent attachment to a peptide-based 
gelator53. In one exciting example of this 
approach, ketoprofen was used in the prodrug 
design, and supramolecular assembly of this 
material resulted in its retention following intra-
articular injection into a joint cavity, with impli-
cations in use for treating conditions such as 
rheumatoid arthritis54.

3  Vaccination and Immunoengineering
Another strategy to modulate the immune system 
using materials would seek to engineer a defined 
immune response using a material stimulus. The 
innate immune system is typically a first line of 
defense, offering some protection against infec-
tious agents that can be recognized due to com-
mon features among pathogens. The adaptive 
immune system offers a significantly more com-
plex, nuanced, and specific response in a man-
ner that includes both an ability to learn and 
adapt to new pathogens, and also form memory 
to enable a response to future insult by these 

Figure 2: Delivery of signaling gases: enzyme-assisted delivery of NO, including a chemical structure of 
the naphthalene-appended peptide amphiphile (PA) containing sugar-caged NO donor, b transmission 
electron microscopy (TEM) of 5% hydrogel of this material, and c NO release kinetics of the hydrogel 
with different concentrations of β-galactosidase. CO delivery via Ru-based donor, including d Chemical 
synthesis of Ru-based CO delivering peptide amphiphile, e CO release kinetics from the peptide amphi-
phile in sol and gel states, and f SEM image of the peptide amphiphile at gel state.  H2S release from pep-
tide amphiphile, including g Chemical structure of S-aroylthiooxime-appended peptide amphiphile, h TEM 
image of the SATO-appended peptide, and i  H2S release kinetics from the peptides in ‘gel’ and ‘sol’ state. 
Figures are adapted and modified with permission from40,42, 47,48.
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same pathogens27,55. Traditional vaccination lev-
erages adaptive immunity so that the system is 
primed for future exposure to the same or simi-
lar pathogen. The nature of an adaptive immune 
response can include the production of antibod-
ies—known as a humoral response—and/or gen-
eration of T-lymphocytes—known as a cellular 
response27, 55, 56. Vaccine technologies are a mod-
ern marvel in medical practice, directly saving 
nearly 6 million lives each year57. Typically, vac-
cines are preparatory, or prophylactic, in that they 
are administered prior to pathogen exposure to 
prime the immune system. There are three main 
classes used clinically. First, live, attenuated vac-
cines contain the active infectious agent that has 
been modified for reduced virulence. While this 
class of vaccines is highly effective at eliciting both 
humoral and cellular immune responses, this vac-
cine cannot be safely administered to patients 
with weakened immune systems56, 58. Second, 
inactivated vaccines contain inactivated infec-
tious agents making these safer for patients with 
weakened immune systems, but often induce a 
reduced immune response and may require mul-
tiple doses to be effective55, 59–61. Third, subunit 
vaccines contain only the specific antigens derived 
from the pathogen and not the entire infectious 
agent, inciting immune recognition and response 
through exposure to recognized components of 
the pathogen while reducing side effects arising 

from other components of the pathogen55,56, 58, 62.  
It should be noted that virtually all of these vac-
cination approaches require some adjuvant (typi-
cally aluminum salts) to stimulate a heightened 
immune response and make these vaccines effec-
tive63, 64. Although recent advancements have 
improved the efficacy and use of such adjuvants, 
there remains a need for new approaches to vac-
cine development65. Supramolecular peptide bio-
materials offer one new technology that has been 
explored in this regard17,66. These considerations 
for both design and desired biological function 
offer many opportunities for supramolecular 
peptide biomaterials (Fig. 4).

3.1  Supramolecular Assembly 
Morphologies

One of the primary factors influencing efficacy of 
supramolecular vaccines is the morphology of the 
resultant supramolecular assemblies28,29,61, 66–68.  
Depending on the amino acid sequence of the 
peptidic subunits, these macromolecular assem-
blies can be engineered to produce nanostructures 
of varying shape ranging from spheres to long fil-
amentous nanofibers69, 70. At sub-gelation concen-
trations, nanoparticles have been observed to clear 
quickly from circulation through lymph drainage 
or macrophage degradation, and produce a milder 
immune response and less subsequent immune 

Figure 3: Controlled and sustained delivery of small drug molecules from peptide biomaterials: Release 
of nabumetone, including a chemical structure of nabumetone appended peptide amphiphile (PA), b 
scanning electron microscopic (SEM) image of Nabumetone-PA, and c release profile of nabumetone 
from the PA. Release of dexamethasone (Dex), including d chemical structures of Dex-PA and control PA, 
and E–F) Quantification and inflammation in mice following subcutaneous injection of polystyrene micro-
particles delivered within Dex-PA gel and control PA, as determined by measuring luminescence from the 
luminol imaging method to visualize reactive oxygen species. Figures adapted with permission from 50, 52.

Adjuvant: In the context of 
vaccines, an additive that 
serves to boost or modify 
the immune response for 
improved immunization.
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memory. Nanofibers, however, have increased 
retention and prompt an elevated immune 
response, often without the need for additional 
adjuvants28, 66–68,71. At higher concentrations, 
these fibrillar assemblies entangle to form a hydro-
gel mesh. These injectable materials facilitate a 
more stable stimulus within tissue and enable 
retention of a vaccine signal at a specific site3, 29,56. 
Supramolecular peptide vaccines offer versatility 
in controlled design of multivalent systems57,72,73. 
More complex designs have considered the physi-
cal arrangement of presented antigens on the exte-
rior of infectious agents in designing biomimetic 
assemblies to further increase effectiveness of the 
immune response elicited by these materials.

3.2  Surface Charge Effects 
on Immunomodulation

The surface charge of peptidic supramolecular 
assemblies also is known to dramatically influ-
ence the performance of these materials as vac-
cines. Regarding antigen-presenting cells (APCs), 
positively charged peptide assemblies have been 
found to raise a robust immune response, often 
without the need for adjuvants. While negatively 
charged peptide assemblies have been found to 
elicit little or no immune response, this effect is 
thought to arise due to the general negative aver-
age charge present on the APC cell surface74. As 
such, negatively charged materials are less likely to 
interact with these cells as a result of electrostatic 
effects75. Beyond this phenomenon, it is generally 

observed that the absolute value of the supramo-
lecular assembly zeta potential, rather than the 
specific positive or negative charges, directs cellu-
lar and humoral responses to the exogenous pep-
tidic material. In contrast, neutral materials often 
display reduced cellular biocompatibility due to 
disruption of lipid membranes76,77.

3.3  Adjuvant‑Free Design
As traditional vaccines were developed, a bal-
ance between immunogenicity and safety was 
required. Live, attenuated vaccines offered cer-
tain benefits, but with attendant risks to patient 
safety. Adjuvants have thus been a hallmark of 
clinical vaccination practice, serving to heighten 
the immunogenicity of the vaccine; these are, 
however, also associated with an inflammatory 
response27, 56, 68. The underlying mechanisms of 
many adjuvants are not fully elucidated, limiting 
their use and further engineering or optimization 
of these compounds58. Supramolecular peptide 
assemblies, however, have been found to elicit a 
complex and robust immune response without 
the addition of additional adjuvants. It has been 
shown that assembly aspect ratio and surface mul-
tivalency are the primary drivers of this effect; yet 
supramolecular vaccines at the same time do not 
elicit the severe inflammation response associ-
ated with traditional adjuvants28, 60, 61, 66, 71, 72.  
Additional design features have also been shown to 
improve immunogenicity, such as by lipidation of 
peptidic assemblies55, 59.

Antigen-Presenting Cells: 
Cells that internalize and pro-
cess antigen for presentation 
of their surface to T-cells.

Figure 4: Top Panel: adaptive immunity can be controlled by tuning different properties of supramo-
lecular peptide materials, such as morphology, net charge, multivalency, presentation of cell-specific 
epitopes, and inclusion of adjuvanting agents; bottom panel: adaptive immunity is conveyed through vari-
ous cellular and humoral responses, which can be engineered for desired immunomodulation.
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3.4  Presentation of Cell‑Recognition 
Sequences

To further enhance and tune the immune 
response to a supramolecular vaccine for immu-
nomodulation, the ability to control interactions 
between vaccine peptide assemblies and specific 
immune cells has been explored. These peptide 
assemblies are designed to facilitate interac-
tion with and recruitment of T-helper  (CD4+) 
or cytotoxic  (CD8+) T-cells. To involve  CD4+ 
T-helper cells in an immune response, the uni-
versal  CD4+ peptide epitope sequence known as 
PADRE (aKXVAAWTLKAa, where X is cyclohex-
ylalanine and a is d-alanine) has shown success in 
increasing the immune response to certain anti-
gens. To achieve a more cytotoxic response, the 
presentation of model T cell epitopes has been 
shown to selectively promote increased  CD8+ T 
cell involvement in the immune response67.

3.5  Expanding Vaccine Applications
In addition to traditional prophylactic 
approaches, supramolecular peptide vaccines 
can be expanded to immunotherapy, such as in 
the treatment of cancer. By engineering peptide 
assemblies with cancer-associated antigens along 
with sensitizing or pro-inflammatory cues, the 
immune system can be programmed to detect 
and destroy cancer cells27, 56, 58, 78. Initial trials 
using this concept have shown increased survival 
in mouse cancer models27, 79,80. Another exciting 
direction is in using supramolecular peptide vac-
cines to address autoimmune diseases or trans-
plant rejection by promoting immune tolerance. 
By presenting “self” antigens on peptide assem-
blies along with anti-inflammatory, tolerogenic 
cues, T-lymphocyte function can be evolved from 
cytotoxic to regulatory phenotypes, helping to 
address autoimmune diseases or immune rejec-
tion by improved immune tolerance27, 58, 73,81.

4  Conclusions
Supramolecular peptide biomaterials afford 
numerous opportunities to interface with, and 
modulate, the immune system. This has been 
manifested in a number of different applications, 
ranging from the delivery of active drugs or sign-
aling molecules to structural and/or functional 
mimicry of pathogens in promoting an adap-
tive immune response. In the delivery of drugs 
or signaling molecules, supramolecular peptide 
biomaterials afford a variety of structural features 
that contribute to their function. Many anti-
inflammatory drugs are also hydrophobic, and 
these materials offer hydrophobic environments 

within aggregated structures to facilitate parti-
tion-driven preferential uptake and controlled 
release. This can be further augmented by cova-
lently attaching drugs to the extensive available 
surface area in these nanostructures by way of 
labile bonds for added control over drug locali-
zation and release kinetics. Many of the signaling 
gases discussed arise from donor molecules that 
have very short half-lives in water. Using supra-
molecular peptide biomaterials to deliver these 
donor molecules, these materials afford environ-
ments with reduced availability and/or mobil-
ity of water to stabilize the donor molecules and 
prolong release of active drug. In delivering larger 
cytokines, supramolecular peptide biomaterials 
facilitate physical entanglement of one-dimen-
sional nanostructures into a percolated mesh. 
Such a morphology is able to entrap signaling 
proteins and control their release.

In facilitating immunomodulation using 
this class of materials to promote an adaptive 
immune response, a critical feature is the high-
density display of epitopes of interest on the 
surface of these same one-dimensional nanofib-
ers. This had led to numerous exciting results in 
the context of adjuvant-free vaccination, with 
possibilities for disease-tailored or personalized 
vaccine platforms displaying specific epitopes to 
prompt an engineered immune response. There 
are a number of inherent advantages to this 
approach. The ability to rapidly synthesize and 
purify small molecule peptides using automated 
solid-phase synthesis offers an accelerated route 
to vaccine production, contrasting with a time-
line on the order of many months to raise tradi-
tional vaccines. Moreover, introducing patient- or 
disease-specific antigens is relatively facile with 
the modular, mix-and-match nature of many of 
these supramolecular peptide systems. The ability 
to achieve immunity without adjuvant is a ben-
efit that cannot be emphasized enough, allowing 
a robust immune response without the inflam-
mation and possibility for a sensitivity or allergic 
reaction to the adjuvant.

In the context of translation, the class of pep-
tide-based supramolecular biomaterials offers a 
number of benefits. This approach to generating 
biomaterials yields three-dimensional structures 
that maintain the ability to be injected by shear-
thinning and self-healing mechanisms as well as 
rapid in situ assembly triggered by physiologic 
cues such as pH or ionic strength. Moreover, 
peptide synthesis is a facile, high-yielding, and 
scalable process. The clinical feasibility of this is 
evident in a variety of pharmaceuticals that have 
come to market in recent years based on peptide 

Tolerance: A state of unre-
sponsiveness in the immune 
system to signals or antigens 
that have the capacity to elicit 
an immune response.
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inhibitors. The degradability of these materi-
als into amino acids is also predictable, and not 
expected to result in toxic products. As such, we 
share in the great excitement for the use of this 
class of materials for applications in immuno-
engineering through drug delivery and immune 
modulation.

Moving forward, there are many interesting 
directions where supramolecular biomaterials 
may realize an impact in the context of immune 
response. Such success is likely to be predicated 
on the advancement of companion fields, such 
as more accurate disease diagnostics and prog-
nostic abilities from the power of “-omics” disci-
plines. With the increase in incidence of various 
cancers presenting a present and growing health 
challenge, rapid disease characterization may be 
paired with the relative ease of preparation for 
synthetic, abiologic materials to provide patient-
specific cancer vaccine formulations within days 
of a diagnosis. Similarly, the increased prevalence 
of autoimmune diseases suggests a possibility for 
new paradigms of tolerogenic reprogramming 
leveraging the controllable and tunable properties 
of synthetic biomimetic materials.
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