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ABSTRACT
Immunotherapy for cancer has attracted considerable attention. As one of the immunotherapeutics, 
tumor vaccines exert great potential for cancer immunotherapy. The most important components in 
tumor vaccines are antigens and adjuvants, which determine the therapeutic safety and efficacy, respec
tively. After decades of research, many types of adjuvants have been developed. Although these adju
vants can induce strong and long-lasting immune responses in tumor immunity, they also cause more 
severe toxic side effects and are therefore not suitable for use in humans. With the development of innate 
immunity research, pathogen-associated molecular patterns (PAMPs) and damage-associated molecular 
patterns (DAMPs) are receiving more attention in vaccine design. However, whether they have the 
potential to become new adjuvants remains to be elucidated. The purpose of this review is to provide 
newideas for the research and development of new adjuvants by discussing the mechanisms and related 
functions of PAMPs and DAMPs.
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Introduction

Classical methodologies for the treatment of malignant 
tumors are surgery, radiotherapy and chemotherapy. 
Although these methodologies are widely applied, such meth
odologies sometimes lose their effect for some tumors and 
produce obvious toxic and side effects to the human body1. 
With tumor immunotherapy as a hot spot of current research, 
tumor vaccines have attracted more attention and are achiev
ing much success.

Cancer vaccine generally consists of two parts: antigen and 
adjuvant. Adjuvant can improve the problems such as weak 
immunogenicity of vaccine and weak immune response.2 

Therefore, they play an important role in the development of 
vaccines. Aluminum is the first adjuvant approved for use in 
human vaccines in the 1920s.3 Although adjuvant research has 
been going on for almost a century, few have been approved 
certified for use in humans. Because of its safety, aluminum is 
still widely used, such as adsorbed diphtheria-tetanus combina
tion vaccine (Shanghai Institute of Biological Products Co., Ltd) 
and recombinant hepatitis B vaccine (Merck & Co., Inc.), espe
cially in children. MF59, a proprietary adjuvant containing 
squalene, is included in a seasonal subunit influenza vaccine 
licensed by the Italian Regulatory Authority in 1997 and subse
quently by several other countries, for example, Fluad (Seqirus). 
ASO4, formulated with MPL and aluminum salt, came into the 
market in 2005, which is an improvement of the traditional 
aluminum salt adjuvant. It’s currently used for hepatitis 

B vaccine (MPL with aluminum phosphate), such as Fendrix 
(GSK), and bivalent cervical cancer vaccine (MPL with alumi
num hydroxide) such as Cervarix (GSK). More than 100 adju
vants are explored today, but the most of them are still in the 
stage of preclinical animal experiments or used by veterinarians. 
Safer and more effective human adjuvants are urgently needed. 
In this study, the mechanism and research progress of pathogen- 
associated molecular patterns (PAMPs) and damage-associated 
molecular patterns (DAMPs) in triggering immune responses 
were reviewed, which might help to provide more possibilities 
for the development of new adjuvants.

Classification of tumor vaccines

Multiple therapeutic cancer vaccine platforms have been 
developed, including peptide-based, protein-based, viral- 
based, recombinant vector including yeast-based and bacter
ial-based, whole tumor cell and pulsed dendritic cells (DCs).4 

There are three therapeutic cancer vaccines have been 
approved by the U.S. Food and Drug Administration (FDA): 
(1) Bacillus Calmette-Guerin (BCG, TheraCys®), a live atte
nuated strain of Mycobacterium bovis for non-muscle invasive 
bladder carcinoma; (2) Sipuleucel-T (Provenge®), a DC vac
cine for metastatic castration-resistant prostate cancer 
(mCRPC); and (3) talimogene laherparepvec (T-VEC or 
Imlygic®), an oncolytic viral-based vaccine for advanced 
melanoma.
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Peptide/protein-based vaccine

The most common vaccine platform is peptide/protein-based 
vaccine. These vaccines are relatively simple to develop. 
However, the simplicity of the platform may be in question if 
its short amino acid sequence does not encode enough anti
genic material to induce an immune response. Therefore, pep
tide vaccines usually require an immune adjuvant. Protein 
vaccines are more expensive to produce than peptide vaccines 
due to their larger amino acid sequence, but they may cause 
a stronger response. In addition, peptide and protein vaccines 
or protein vaccines are limited by HLA.

Whole tumor cell vaccines

Whole tumor cell vaccines, divided into autologous or allo
geneic vaccines, could present a variety of tumor antigens. The 
lack of specificity has a possibility of diluting the immune 
response. However, additional stimulation is required by gran
ulocyte-macrophage colony-stimulating factor (GM-CSF) or 
calmette-gue bacilli ́ rin (BCG). Autologous vaccines require 
harvesting the tumor from the patient, which is not always 
possible. GM-CSF-transduced autologous tumor cell vaccines 
have been extensively studied, but have not yet been approved 
by the FDA. Allogeneic whole tumor cell vaccines contain 
several established malignant cell lines and provide an unlim
ited supply of tumor antigens at a low cost. However, promis
ing phase II studies have been followed by negative phase III 
trials, and this is the reason why there is currently no FDA 
approval for an allogeneic whole tumor cell vaccine.5

Recombinant poxvirus vaccines

Recombinant poxvirus vaccines are reported to be safe and can 
express large amounts of exogenous DNA. Several ongoing 
trials are investigating recombinant vectors, with most using 
modified poxviruses such as vaccinia or fowlpox viruses.6 The 
immunogenic potential of vaccinia is self-limiting, but hosts 
usually neutralize the virus after one or two vaccinations lead
ing to the significant decline in the effectiveness of the vaccine.6

DCs vaccines

DCs are specialized antigen-presenting cells (APCs) that acti
vate T lymphocytes via major histocompatibility complex 
(MHC) signals.7 DCs vaccines can be infected with peptides 
or protein pulses, or with viral vectors.8 They require complex 
preparation, but the platform has proven successful.8 The FDA 
approved Sipuleucel-T (Provenge) for metastatic castration- 
resistant prostate cancer (mCRPC) in 2010. However, the 
phase 3 study also found certain cerebrovascular risks with 
the vaccine.9

Possible problems with cancer vaccines

Many kinds of cancer vaccines exist, but few of them are 
actually used in the clinic due to some problems which vac
cines may exist.10 First, in the selection of vaccine antigen, 

whether the selected antigen is the highly expressed antigen 
in the tumor tissue remains unknown. Second, in the process 
of vaccine delivery, antigen epitopes are lost, and appropriate 
delivery vectors are selected. Finally, even if the vaccine works, 
the tumor’s immune escape mechanism can make the vaccine 
less effective. These reasons that make cancer vaccine research 
difficult.

Factors influencing the efficacy of tumor vaccines

Tumor vaccines are mainly composed of antigens and adju
vants, which amplify the anti-tumor immune responses in 
tumor patients through active immunization.11

Classification and introduction of tumor antigens

The recognition of tumor antigens is of great significance for 
the development of tumor vaccines.12 On the basis of the 
expression and localization of tumor vaccines, tumor- 
associated antigens (TAAs) and tumor-specific antigens 
(TSAs) can be generally classified. TAAs were selected as anti
gen for some vaccines in many tumors and can cause specific 
T-cell and humoral responses.13 Unfortunately, TAAs are also 
expressed in normal cells, leaving the risk of leading to toler
ance. TSAs are more attractive therapeutic target than TAAs 
because they are rarely expressed in normal cells and are 
directly regarded as foreign antigens by the immune 
system.14 TSAs-targeted vaccines have the advantages of 
being safer, more specific, and more effective.15 However, 
TSAs are not perfect targets. Vaccines based on TSAs can 
only kill part of the tumor cells if the targeted neoantigens 
come from mutated subclones. On the other hand, they are also 
limited by the vast diversity and individual specificity of 
somatic mutations in different tumor types.16

Different kinds of TAAs exist, for example, carcinoembryo
nic antigen (CEA) for gastrointestinal cancer.17 The HPV-16 
E7 antigen is a tumor-associated antigen (TAA) that is com
monly expressed in HPV-induced tumors, but has low 
immunogenicity.18 An oncolytic adenovirus encoding an SA- 
4-1BBL adjuvant, when fused with the HPV-16 E7 antigen, 
produces a specific antitumor effect in a mouse model of 
cervical cancer.19,20 MUC4 is an attractive TAA that function
ally contributes to the pathogenesis of PC; however, it is over- 
expressed in mouse and human pancreatic tumors.18 The 
recombination of the MUC4 domain, along with predicted 
immunogenic T-cell epitopes, elicited cellular and humoral 
anti-MUC4 responses, indicating its potential as a vaccine 
candidate for PC therapy.21 TSAs are theoretically more attrac
tive therapeutic targets because the specific immune response 
induced by TSAs is not affected by central or peripheral toler
ance. Moreover, targeting TSAs is unlikely to induce autoim
munity. As a result, it appears to be an ideal target for 
therapeutic cancer vaccines and T-cell-based cancer immu
notherapy. Several types of TSAs have been identified in dif
ferent types of cancer, including melanoma, lung, liver, and 
kidney cancers.22 PSA and MART-1 have been studied deeply 
as two TSAs.8
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Classification and introduction of adjuvants

Adjuvant is also one of the important components of tumor 
vaccines, which enhances the efficacy of vaccines by enhancing 
the immunogenicity of antigens. Adjuvant can also act as 
a delivery system to deliver antigens to antigen presenting 
cells (APCs) to promote induction of antigen-specific immune 
responses.23 In addition, adjuvant have the advantages of mak
ing the vaccine more stable, protecting the antigen from being 
broken down by enzymes in vivo, and reducing the dose of 
expected efficacy.24 Aluminum salt adjuvant was the first vac
cine adjuvant approved by the FDA for use in human vaccines, 
and it is also one of the most widely used adjuvants in vaccine 
production. With the deepening of research, in addition to 
traditional aluminum salt adjuvants, pattern recognition recep
tors (PRRs) agonists (Toll-like receptor [TLR] agonists), poly
mer materials (PEI), polypeptides and other novel adjuvants 
have been found to exert immune activation effects.25

Definitions of PAMPs and DAMPs and their main 
functions

Charles Janeway proposed that the development of immune 
system is aimed at protecting the body against infectious 
pathogens rather than harmless foreign antigen, and then 
came to the concept of pathogen-associated molecular patterns 
PAMPs.26

The definition of PAMPs

PAMPs are some conserved non-self and highly expressed 
molecular motifs. Most of them are fundamentally functional 
components, such as LPS, which is an elementary component 
of Gram-negative bacterial cell membrane and flagellin, nucleic 
acid of viruses such as double-stranded RNA (dsRNA), single- 
stranded RNA (ssRNA) and DNA.27 The mechanism of the 
body in detecting pathogen is that the PRRs recognize the 
conserved molecular motifs of the pathogen, which are absent 
in humans.28 The combination of PAMPs to PRRs then gives 
a sign of exogenous dangers that warns the immunity system 
and stimulates a series of pro-inflammatory and antimicrobic 
responses to fight against foreign invaders.26

The receptors and function of PAMPs

The receptors that recognize PAMPs are called PRRs, which 
are expressed by native immune cells. Most of them are located 
on the surface of cell membrane such as TLR4 and TLR5, 
which recognizes LPS and flagellin,29respectively. Some of 
them are located in the endosome such as TLR3, which is 
combined with dsRNA. TLR7/8 and TLR10 are expressed on 
the endosome as well.30 RLRs and NLRs are another kind of 
receptors that are located in the cytoplasm. The activation of 
PRRs will stimulate a series of intracellular signaling pathways 
such as adapter molecules, kinases and transcription factors 
that results in a range of gene expression and molecules 
synthesis.31 It also directs adaptive immune responses also.

However, the “stranger theory” cannot explain the damage 
in the sterile inflammation conditions such as trauma, ischemia 

and tumor, which can unexpectedly lead to strong immune 
responses. On this basis, the “danger theory” was proposed by 
Polly Matzinger.32 The danger theory came from a clinical trial 
about kidney transplantation33 and was rarely identified until 
HMGB1 and acid crystals were recognized as DAMPs.34,35

The definition of DMAPs

DAMPs are a range of intracellular molecules that are not only 
released passively by dead cells but can also be expressed 
actively by live cells facing with life-threatening stress.36 They 
include ATP, HMGB1, HSPs, and uric acid. DAMPs have 
physiological function in the cell and can fulfill extra functions 
when exposed to the external environment.37

The location and function of DMAPs

Location is the key factor that determines the functions of 
DAMPs. Histones, genomic DNA and HMGB1 are located in 
the nucleus physically, which usually work as DNA chaperones 
that are combined with DNA and regulate the transcription and 
translation actions.38 However, when they come to the extracel
lular environment, the DAMPs will exert strong pro- 
inflammatory activity. Time is another critical point as well. 
Initially, people considered DAMPs as a signal of cellular death 
because they thought DAMPs could only be released by death 
cells.39 However, it has turned out that DAMPs can be passively 
released and active secreted as well. In addition, they can only be 
released by necrotic cells rather than apoptotic cells.35

The function of DAMPs varies. They have physiological 
function such as regulating the transcription, adjusting the cal
cium homeostasis40 and the proliferation and differentiation of 
cells.41 When pathogen causes damage in the body, they trigger 
inflammation and innate immunity to eliminate damage. 
DAMPs can combine with PRRs that participate in the host 
defense by stimulating signal transduction and activating down
stream signal pathway.31 They also regulate the immune 
responses and promote adaptive immunity by recruiting DCs42 

and APCs, triggering inflammation and tissues healing.43

The majority of DAMPs participate in the maturation of 
DCs, Some of them recruit and activate immune cells such as 
macrophages (S100, ATP) and neutrophils (HMGB1, histones, 
mtDNA)44–46 They can promote the secretion of pro- 
inflammatory factors (tumor necrosis factor-alpha (TNF-α), 
IL-1, IL-6, etc)47 and cytokines (IL-4, IL-10, IL-12, and IL- 
18)48 as well. Some of DAMPs are involved in anti-tumor 
immunity, such as ATP and calreticulin. The calreticulin pre
sents a signal of “eat me” that triggers the phagocytosis.49 

Additionally, DAMPs play important roles in tissue repair 
and promote the migration and proliferation of stem cells. 
They produce pro-angiogenic mediators and promote mucosal 
epithelial cells and myoblaster proliferation.50 The extracellular 
matrix is a crucial environment that cells depend on. Some 
DAMPs are involved in extracellular matrix production and 
collagen synthetization in the skin.44 However, the excessive 
repair causes immunological diseases as well. The robust pro- 
inflammatory response may go beyond the tolerance of 
patients. Some diseases such as colitis, SLE, vitiligo and cirrho
sis are closely related to DAMPs.51
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HMGB1

HMGB1 is a chromatin protein and works similar to a DNA 
chaperone that participates in transcription replication and 
DNA repair.52 When relocated into the external environment, 
it interacts with various receptors and activates immune 
responses to estimate pathogens and promote the repairs. 
Thus, that it can lead to immune diseases as well when it 
overreacts.53 A recent study indicated that hepatocyte injury 
in hepatitis B would release HMGB1 which leads to exacerbate 
the pathological injury.54

RAGE and TLRs are classically defined receptors. RAGE is 
a multifunctional transmembrane protein of the immunoglo
bulin superfamily. It is lowly expressed by most normal tissues 
but highly expressed in the lungs in physiological conditions.55 

Only in the pathological condition can it be highly expressed 
by different tissues, especially on the surface of endothelial cells 
and leukocytes.56

When HMGB1 is combined with RAGE, the signal will be 
delivered by NF-κB and ERK/MAP kinase to enhance the 
expression of adhesion molecule such as VCAM-1 and 
ICAM-1. It also promotes the secretion of cytokines such as 
CXCL12 to take part in the recruitment and migration indir
ectly on account of the complex of HMGB1 and CXCL12 will 
activate CXCR4, which promotes the migration.50 TLRs are 
type-1 transmembrane proteins. TLR9 can recognize the CpG- 
ODNs and HMGB1 complex and enhance plasmacytoid DCs 
to produce cytokine.57 TLR2 is located in the nucleosome and 
can activate DCs and microphages when combined with 
HMGB1, while TLR4 participates in inflammation and 
immune regulation.58

ATP

ATP is a universal energy source, which also has vascular 
activation function.59 The receptors of ATP are P2 receptors, 
which can be further subdivided into P2YRs and 
P2XRs.45P2YR is also involved in chronic diseases such as 
atherosclerosis, transplant rejection, and asthma and is related 
to chronic inflammation conditions such as allergic airway 
diseases and asthma.60 P2Y2R plays a role in mucociliary 
clearance and wound healing.45 Apoptotic cells release ATP 
that combines with P2Y2R, which sets off a signal of “find me” 
that triggers the phagocytic activity and the clearance of apop
totic cells. Among P2XRs, P2X7R is highly expressed on mast 
cells, macrophages, microglia and DCs.61 It promotes the 
inflammatory defense against the pathogens and cancers. 
ATP can be passively released by dead tumor cells. When 
combined with P2X7R on DCs, it can promote cytotoxic 
CD8+ T cells to kill cancer cells.62

In general, PAMP and DAMP play a role in the body’s anti- 
tumor immunity by activating DC cells and enhancing antigen 
delivery, thus killing tumor cells through the antibody and Fas- 
FasL pathways (Figure 1).

Application of PAMPs in vaccine

Two main types of (PAMPs) exist. One is similar to a kind of 
bacterial cell wall components mainly composed of sugars and 
lipids, including lipopolysaccharides, peptidoglycan for the 
adjuvants in RNA vaccines, lipoteichoic acid, mannose, lipo
proteins, flagellins for the adjuvants in DNA vaccines, lipids for 
the adjuvants in RNA and DNA vaccines.44 The other includes 

Figure 1. Schematic expression of several PAMP and DAMP signals. TLR and IL-1 R usually share a common signaling event. PAMP and DAMP bind to corresponding 
ligands, TLR dimer forms a homodimer or heterodimer, and conformational changes occur. MyD88 was the first adaptor molecule to be identified and is involved in all 
TLR (except TLR3)-induced signal transduction.MyD88 relies on a pathway to initiate a series of events that lead to the activation of IRAK kinase, which leads to the 
activation of NF-κB transcription factor and the expression of the pro-validation factor gene. In response to TLR stimulation, the MYD88-dependent pathway also 
activates the interferon regulatory factor (IRF) family of transcription factors IRF1, IRF5, or IRF7 phosphorylation mecha-intensity, which lead to formation of their 
translocated nuclei and bind to target interferon stimulation-responsive elements (ISRES) with the transcription co-activators association. IRF1 and IRF7 are involved in 
transcriptional control of type I interferon, while IRF5 is involved in the transcription of all pro-inflammatory cytokines tested to date by TLRs.
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viral products and bacterial cell nucleus components, such as 
non-methylated oligonucleotide CpG DNA for the adjuvants 
in DNA and RNA vaccines, ssRNA and dsRNA for the adju
vants in DNA vaccines.48 PAMPs are potential vaccine adju
vants that activate macrophages and DCs. The main research 
applications at present are as follows.

Application of flagellin in tumor vaccine

Flagellin is found to possess both satisfactory immunogenicity 
and surprising adjuvant activity.63 TLR is a natural immune 
PRR that can recognize pathogens and activate innate 
immunity.64 As shown in studies utilizing mouse models, fla
gellin, a TLR5 ligand, decreases immune tolerance for auto
antigens and promotes immune responses to tumor antigens.65 

TLR5 functions as a bacterial flagellin receptor that mobilizes 
nuclear factor NF-κB and stimulates TNF-α production via 
a MyD88-dependent pathway.66 Flagellin can also be recog
nized by the other members of the NLR family, including NLR 
family CARD domain-containing protein 4 (NLRC4, which 
triggers inflammasome formation)67,68 and neuronal apoptosis 
inhibitory protein 5 (NAIP5, the inflammasome receptor for 
bacteria) .69For example, an enhanced tumor-specific CD8+ 

T-cell immune response was obtained via TLR5 stimulation 
in a therapeutic cancer vaccine model.70 As a result, flagellin 
has been used in the development of tumor vaccines and 
cancer immunotherapy.71,72

Application of LPS in tumor vaccine

LPS has been used as an adjuvant for a long time, but it is 
dangerous due to its endotoxin essence.73 As a modifier of LPS, 
MPLA has lower toxicity and retains immune stimulation 
activity. MPLA combines with basic cell growth factor, which 
increases IgG and IFN-γ levels in mice, leading to DCs- 
induced cytokine activation of CTLs to demonstrate nonspe
cific anti-tumor effects.73

Application of CPG-ODN in tumor vaccine

Studies have shown that k3-CPG-ODN (a TLR9-targeted 
PAMP and a common pharmaceutical additive) can be added 
to the seasonal influenza cleaved vaccine to enhance the induc
tion of protective type 1 cell immune response, and it can also 
inhibit the induction of specific IgE production, thereby greatly 
reducing the body’s allergic reaction.74

A CpG-oligodeoxynucleotides (CpG-OND) crosslinked 
aminated β-glucan-ovalbumin dual targeting nanoparticle 
(CpG-OND-AG-OVA) plays dual roles as ionic crosslinker 
and immunopotentiator,75 which enhances the ability of anti
gen uptake and the process of protein hydrolysis, resulting in 
APCs maturation, inducing robust Th1 and Th2-type immune 
responses comparable to Freund’s adjuvant without obvious 
toxicity.76–78

Hence, PAMPs can be used as potential as adjuvants. 
Studies have shown that PAMPs are immobilized with apatite 
within the pores and on the surface of mesoporous silica (MS) 
in the preparation of novel MS-Ap-PAMP adjuvants.79 Particle 
size is important for its activity.79–82 An appropriate size of 

particles can facilitate its absorption by immune cells, and the 
antigen can be loaded into the biological barrier as a result.83–85 

The size of the granular adjuvant is related to the intensity and 
type of immune response induced.79 In a previous study, cell- 
mediated anti-tumor immunity that was markedly improved 
compared with to commercial alum adjuvant in vitro and 
in vivo.58

Application of DAMPs in vaccine

DAMPs, a type of endogenous adjuvants, are recognized by 
receptors expressed on APCS. They function by activating the 
NF-κB pathway, which induces cell maturation and production 
of inflammatory cytokines.86 DAMPs are composed of the 
following 4 types: 1) intracellular protein molecules, HMGB1 
and HSP for the adjuvants in DNA and RNA vaccines, S100 for 
the adjuvants in DNA vaccines; 2) non-protein purine mole
cules and their degradation products, ATP, ADP, uric acid, 
adenosine for the adjuvants in DNA vaccines; 3) extracellular 
matrix degradation products (hyaluronic acid, heparin sulfate 
for the adjuvants in DNA vaccines; 4) a group of cytokines 
secreted by leukocytes (IL-1, IL-33 for the adjuvants in DNA 
and RNA vaccines).

Application of HMGB1 in tumor vaccine

As an endogenous adjuvant, HMGB1 and heat shock protein 
(HSP) are most commonly used among DAMPs.87 HMGB1 is 
expressed in all eukaryotic cells and is a highly conserved 
nuclear protein consisting of two DNA-binding regions (box 
A and box B) and a negatively charged C-terminal tail. HMGB1 
can stimulate innate immune response by combining TIL2/L 
and RAGE, thus promoting T-cell activation and regulating 
adaptive immune responses.88,89 Studies have shown that 
HMGB1 can enhance anti-influenza immunity when injected 
with DNA vaccine.90 Moreover, HMGB1 can effectively 
enhance the protective efficacy and cellular immune responses 
of tuberculosis subunit vaccine.91 HMGB1 has also been shown 
to play an inflammatory role when used in combination with 
the human immunodeficiency virus-1-Ag-encoded DNA vac
cine by enhancing the antibody responses and the CD8+T-cell 
IFN-γ response.90,92 In addition, extracellular HMGB1, as an 
adjuvant, has been shown to enhance the immunogenicity of 
apoptotic lymphoma cells and induce antibody responses to 
soluble ovalbumin.93 It has also been shown to delay tumor 
growth and increase tumor-free survival in mice as an 
adjuvant.93

Application of HSP in tumor vaccine

(HSP), first discovered in Drosophila and expressed in bacteria 
and mammals, is a highly conserved molecule that induces 
anti-tumor and anti-infective immunity as an adjuvant.94 

Studies have also shown that vaccines administered in combi
nation with HSP peptide complexes increase the responses of 
CTL, NK, and NKT cells to tumor and viral antigens.49 

Furthermore, the prophylactic inoculation of microbial HSP 
produces significant protective immunity against bacterial, 
fungal, and mycobacterial infections.95 HSP70, a widely used 
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adjuvant, has been shown to help newborn mice fight herpes 
simplex virus.96 Studies have shown that HSP70L1, a novel 
HSP derived from DCs, can promote DC maturation and 
stimulate the secretion of TNF, MIP-1 and chemokine IP-10 
by combining with the receptors on DCs. The ability of 
HSP70L1 to activate DCs has demonstrated that it may provide 
new possibilities for adjuvants used in peptide immunity.97 We 
summarized some signal events of PAMPs and DAMPs 
(Figure 2). In Table 1, we listed the common DAMP receptors, 
downstream, and their roles in immunity. In Table 2, the 
vaccines with DAMPs and PAMPs that have advanced to 
clinical studies and also a subsection for those in preclinical 
studies.

Advantages of nucleic acid vaccine

Future nucleic acid vaccines will have the following advan
tages: 1) direct DNA inoculation: avoiding the tedious process 
of preparing traditional vaccines. 2) After nucleic acid 
vaccine inoculation, protein antigens can directly combine 

with MHC-I and MHC-II molecules to form immune com
plexes, which can cause CTL reaction as well as live atte
nuated vaccine or carrier vaccine, but there is no risk of the 
latter’s virulence rebound. 3) The process of presentation of 
immune antigenic peptides produced by genes is very simi
lar to that produced by natural infection, which is particu
larly important for protective immunity caused by 
conformational epitopes. In vitro synthesis of protein epi
topes by current recombination techniques often results in 
the alteration or deletion of epitopes. 4) Nucleic acid vac
cines have common physical and chemical properties, which 
provide the possibility of combined immunization. 5) As 
a recombinant plasmid, the nucleic acid vaccine can prolif
erate rapidly in the engineered coliform bacteria, and it is 
simple to extract and purify, which can greatly reduce the 
cost and save time and effort. 6) Nucleic acid vaccines have 
little influence on the host’s preexisting immunity, which is 
one of their incomparable advantages of nucleic acid vac
cines. 7) Nucleic acid vaccines can be used not only for 
prevention, but also for treatment.

Figure 2. Schematic expression of how PAMPs and DAMPs enhance the body’s anti-tumor immunity. PAMPs and DAMPs bind to PRR receptors in the APC membrane or 
cytoplasm and enhance APC activation and uptake of tumor antigens, presenting them to T cells to activate them. On the one hand, activated T cells induced apoptosis 
of tumor cells through the Fas/FasL pathway. On the other hand, they can also assist B cell activation to produce specific antibodies to destroy the tumor.
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Future development direction of nucleic acid vaccine

Although nucleic acid vaccines have considerable advan
tages, there is still a lot of room for improvement. In the 
next five years, the following research directions may be 
achieved: 1) Vaccines can be combined with immune check
point, antibody, oncolytic virus, and other therapies to 
improve their therapeutic efficacy. 2) With the further 
development of related studies, the search for new TSAs 
as targets can more accurately stimulate the immune system 
to kill tumor cells. 3) Individualized treatment for different 
patients will also become a new trend in the development of 
nucleic acid vaccines. 4) Given that adjuvants play an 
important role in enhancing immune induction and 
immune response in cancer vaccines, the discovery and 
research of new adjuvants have become increasingly impor
tant. 5) In addition, delivery vectors for cancer vaccines are 
also an important component. A safe and efficient delivery 
vector can improve the expression efficiency of antigen 
epitopes in the body and induce specific immunity. At the 
same time, it is also an important breakthrough in the 
clinical development of cancer vaccines.

The deficiency of the innate immune system activation 
signal is one of the reasons for the reduced immune response 
of the vaccine. In most cases, adjuvants need to be added to the 
preparation to achieve protective response, and DAMPs and 
PAMRs can make up for this deficiency by activating the innate 
immunity of the human body. As the function of PRRs, such as 
TLRs, has become apparent over the past few decades, various 
PRR ligands have been developed for use as adjuvants of 
PAMPs.

Conclusion

The answer to the question of whether PAMPs and DAMPS can 
be used as adjuvants for cancer vaccines is yes, and after more 
than a decade of research on PAMPs and DAMPS, the under
standing of their roles in innate and adaptive immunity is becom
ing clearer. However, the current variety of PAMPs and DAMPs 
is not very rich. The discovery of new PAMPs and DAMPs and 
their specific effects, as well as their interaction with TAA and 
TSA as adjuvants, has become increasingly important.

Finally, as adjuvants, PAMPs/DAMPs have the following 
advantages over traditional adjuvants. First, PAMPs/DAMPs 
enhance specific immune responses. Secondly, PAMPs/DAMPs 
induce less autoimmune response, which also results in less toxic 
side effects. PAMPs/DAMPs can then be expressed intracellular 
to produce immune factors and enhance the immune response. 
However, traditional adjuvants are easily engulfed and cleared by 
the body’s innate immune system, so that they are not conducive 
to the release of specific cytokines. In addition, the preparation 
process of PAMPs/DAMPs is simple and economical.

However, there are problems with PAMPS/DAMPS. The 
first is its reaction mechanism in the immune response process, 
which needs to be further clarified. Secondly, over-expression 
of PAMPs/DAMPs may lead to the development of other 
diseases, such as tumors. Although this is less likely in the 
short term, the long-term effects need to be observed further.
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