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Abstract: Dendritic cells (DCs) are the most powerful and professional antigen-presenting cells (APCs)
known at present. They play vital roles in the initiation and regulation of immune responses in body. Therefore,
DC-based vaccine delivery system has gradually become a hotspot of basic scientific research and clinical treatment.
DCs can be loaded with whole-cell antigens, nucleic acids, peptides, proteins (such as neoantigens) and nanoparticles
to induce specific cellular immune responses and humoral immune responses after antigen processing, presentation
and targeting delivery in vivo for the prevention and treatment of various diseases including cancers and microor-
ganism infections. Vaccine-based on this technique is called dendritic cell (DC) vaccines. Great process in DC
vaccines has been achieved in recent years. Therefore, we reviewed the characteristics of DC, types of DC
vaccines and their clinical research progress in this paper.
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Figure 1 Dendritic cell (DC) vaccine generation and action in patient's body
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Figure 2 DC/tumor fusion cell vaccine induced by collagen I/PEG. Collagen I/PEG promotes the expression of DC surface molecules,
including CD80, CD86, CCR7, and MHC-I and Il proteins, and significantly increases the secretion of lactate and cytokines I1L-6, IL-15,
TNF-a, IFN-p, and 1L-12p70 in fusion cells, thus promoting the maturation of DC/tumor fusion cells, enhancing the antigen presentation
ability of DCs and activating T cells more efficiently, which resulted in higher anti-tumor activity. FCs: Fusion cells; CTLs: Cytotoxic T
lymphocytes; CCR: Chemokine receptor; IFN: Interferon; TNF-a: Tumor necrosis factor a; IL: Interleukin; Col I: Collagen I; PEG:
Polyethylene glycol; CD: Clusters of differentiation; CD80: Cluster of differentiation 80; CCR7: Chemokine receptor 7; MHC-I: Major
histocompatibility complex class I; IL-6: Interleukin 6. (Adapted from Ref. 8 with permission. Copyright © 2017 Landes Bioscience)
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Figure 3 Schematics of NanoAu-Cocktail pulsed DC induction of antiviral T cell responses. CCL: Continuous cell lines; LLNs: Liver-
draining lymph nodes; AuNP: Gold nanoparticle; OVAp: OVA peptide; ImDCs: Immature DCs. (Adapted from Ref. 33 with permission.

Copyright © 2016 American Chemical Society)
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Figure 4 Formation and the mechanism of action of the DC-based vaccine nodule engineered in the peptide nanofibrous hydrogel. (Adapt-

ed from Ref. 36 with permission. Copyright © 2018 American Chemical Society)
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Figure 5 Schematic illustration of QD-pulsed DC vaccines plus chloroquine as an amplified combination immunotherapy. TME: Tumor

microenvironment; CQ: Chloroquine; QD: Quantum dot; TAM: Tumor associated macrophage; MDSC: Myeloid-derived suppressor cell.

(Adapted from Ref. 40 with permission. Copyright © 2020 Elsevier)

Table 1 The clinical trials of DC vaccines. TAA: Tumor-associated antigen

Strategy Indication Phase TAA/s Combinatorial treatment CII_nlcaI. t_r als
identifier
DCs loaded with  Pancreatic cancer I Tumor lysate - NCT04157127
tumor cell lysate  Malignant melanoma of skin stage 111, II  Tumor lysate Radiation therapy, IFN-a NCT01973322
malignant melanoma of skin stage IV
Recurrent glioblastoma I Tumor lysate Operation, pembrolizumab, NCTO04201873
poly ICLC
Glioblastoma I Tumor lysate Standard therapy NCT03395587
Ovarian cancer I/I1  Tumor lysate Autologous NK cell-like CTLs NCT03735589
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Continued
A~ . . Clinical trials
Strategy Indication Phase TAA/s Combinatorial treatment . o
identifier
Mesothelioma I Tumor lysate Pembrolizumab, IL-2 NCT03546426
Renal neoplasma I Tumor lysate DC-CIK, IL-2/IFN-a NCT02487550
Head neck tumors, neuroendocrine tu- Il Tumor lysate IL-2 NCT04166006
mors, soft tissue sarcoma, rare cancer
DC-cancer cell ~ Acute myeloid leukemia II  Acute myeloid cells - NCT03059485
fusions Acute myeloid leukemia I Acute myeloid cells Decitabine NCT03679650
Multiple myeloma II  Myeloma cells Nivolumab NCT03782064
Glioblastoma I/l Glioblastoma cells Temozolomide, IL-12 NCT04388033
DCs loaded with COVID-19 I/ COVID-19 minigene SMENP, Antigen-specific CTLs NCTO04276896
nucleic acid immunomodulatory gene
Glioblastoma I/ WT-1 mRNA Temozolomide NCT02649582
Glioblastoma I  CMV pp65-LAMP mRNA Temozolomide, varlilumab NCT03688178
Glioblastoma I Tumor-derived mRNA TTRNA-XALT, NCT03334305
temozolomide, autologous
hematopoietic stem cells
Glioblastoma I Human CMV pp65-LAMP Temozolomide, tetanus- NCT03927222
mMRNA diphtheria toxoid, GM-CSF
Glioblastoma II  pp65-shLAMP Tetanus-diphtheria toxoid NCT02465268
Glioblastoma I/II  Survivin mRNA, hTERT Temozolomide NCT03548571
mRNA
Acute myeloid leukemia I WT-1 mRNA - NCT01686334
Malignant pleural mesothelioma I/ WT1 mRNA Pt, pemetrexed, operation NCT02649829
Diffuse intrinsic pontine glioma, brain I Tumor-derived mRNA TTRNA-XALT, temozolomide, NCT03396575
stem glioma autologous hematopoietic stem
cells
Melanoma I Autologous tumor RNA - NCT04335890
Lung cancer II  p53gene Nivolumab, ipilimumab NCT03406715
Hematological malignancies I/l MiHA mRNA (silenced DC - NCT02528682
PD-L1/L2)
DCs loaded with  COVID-19 I-Il SARS-CoV-2 S protein GM-CSF NCT04386252
protein/peptide  Melanoma I Melanoma tumor-specific Cyclophosphamide, pembroli-  NCT03092453
peptides zumab
Breast cancer I HER2 - NCT03384914
Breast cancer II HER2 - NCT03630809
Breast cancer I HER2 Neoadjuvant chemotherapy, NCT03387553
operation
Metastatic triple-negative breast carci- I  HER2/HER3 Celecoxib, pembrolizumab, NCT04348747
noma recombinant interferon alfa-2b,
rintatolimod
Glioblastoma II  Glioma stem cell-like Operation, temozolomide, NCT01567202
associated antigen radiation therapy
Pancreatic cancer I  KRAS mutated peptides - NCT03592888
Leukemia /I ber/abl, WT-1, protease-3 - NCT02543749
associated peptides
Colorectal carcinoma I Mutated peptides - NCT03730948
Cervical intraepithelial neoplasia I  HPV16/18 E6/E7 antigen - NCT03870113
peptides
Hepatocellular carcinoma I Neoantigen Microwave ablation NCT03674073
Gastric cancer, hepatocellular carcino- I Neoantigen Operation NCT04147078
ma, non-small-cell lung cancer, colon
rectal cancer
Non-small-cell lung cancer, small cell I Neoantigen - NCT03871205
lung cancer
Others Advanced cancer, metastatic cancer I Tumor lysate, nRNA Cyclophosphamide NCT03671720
Ovarian cancer I Tumor lysate or tumor - NCT00703105
peptides, hemocyanin
Endometrial cancer II  Tumor lysate, MUC1, Carboplatin, Taxol NCT04212377

survivin PepTivators
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