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[ Abstract ] Due to the drawbacks of low specificity and high risk of side effects of traditional anti-tumor treatments in clinical
practice, novel anti-tumor immunotherapy has received attention and has been gradually applied. Tumor immunotherapy is to
enhance the anti-tumor immune response by regulating the body’s immune system in order to achieve control and killing of tumors.
Tumor immunotherapies include immune checkpoint blockade therapy, over-the-counter cellular immunotherapy and tumor vaccines.
Among them, the tumor vaccine stimulates the immune system to produce specific immune cells or antibodies by delivering tumor
cell-specific antigens thereby eliminating the tumor cells for the purpose of treating the tumor. In recent years, The field of mRNA

vaccines is developing rapidly, and the required mRNA in the synthesis and preparation of the process has been developed and
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matured, laying a good foundation for the research of tumor mRNA vaccine. Because of the fact that mRNA is easily degraded and
cannot enter the cell autonomously, this vaccine requires a suitable delivery vehicle to be successfully taken up by the cell to be
effective. Therefore, the development of mRNA vaccine delivery systems has become critical for their better utilization, which is
also an important part of whether mRNA vaccines can be developed and utilized for the clinical stage in the field of tumor therapy.
This paper briefly introduced the immunotherapeutic methods for tumors, types of tumor vaccines and the mechanism of action and
preparation methods of tumor mRNA vaccines, reviewed the research progress and related applications of mRNA vaccines and their

common delivery systems in immunotherapy for tumor treatment, and summarized the tumor mRNA vaccines that entered into the

phase of clinical trials with the aim of providing assistance for the research of mRNA vaccines for tumors in the future.
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Fig. 1 Three main Kinds of tumor immunotherapy methods

APC: Antigen presenting cell; MHC: Major histocompatibility complex; TCR: T cell receptor; CTLA-4: Cytotoxic T lymphocyte associated antigen-4;

PD-1: Programmed death-1; PD-L1: programmed death-1; IL-2: Interleukin-2.
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Fig.3 The preparation diagram of mRNA vaccines
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Fig. 4 The commonly used mRNA vaccine delivery systems
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Tab.1 Tumor mRNA vaccines entering clinical trials

Loaded mRNA Delivery vehicle

ClinicalTrials.gov identifier Phase Disease
NCT01995708 ' I Multiple myeloma
NCT01446731 I Prostatic neoplasms
NCT00890032 Recurrent central nervous

system neoplasm
NCT02808416 I Brain cancer,
neoplasm metastases
NCT00961844 /1 Metastatic malignant
melanoma
NCT00514189 I Leukemia
NCT01456104 I Melanoma
NCT00834002 I Acute myeloid leukemia
NCT00639639 I Prostatic neoplasms
NCT01197625 1/1 Prostate cancer
NCTO01334047 /1 Recurrent epithelial ovarian
cancer
NCT00626483 I Malignant neoplasms brain
NCT00846456 [/1 Glioblastoma, brain tumor
NCT02366728 I Glioblastoma, astrocytoma,
grade IV, giant cell
glioblastoma
NCT04163094 Ovarian cancer
NCT03927222 I Glioblastoma
NCT02465268 1T Glioblastoma multiforme,
glioblastoma, malignant
glioma
NCT00228189 ¢ 1/1 Colorectal cancer, liver
metastases
NCT03688178 I Glioblastoma
NCT00978913 Breast cancer, malignant

melanoma

Cancer-testis antigen 7, melanoma antigen-A3,
and Wilms tumor gene (WT1) mRNA

PSA, PAP, survivin and hTERT mRNA

Langerhans-type
dendritic cells

Dendritic cells

TSA mRNA Dendritic cells

TSA mRNA Dendritic cells

Survivin and hTERT mRNA Dendritic cells

Acute myelogenous leukemia lysate plus Dendritic Cells

mRNA

TSA mRNA Langerhans-type
dendritic cells

WTI mRNA Dendritic cells

Cytomegalovirus (CMV) pp65-lysosomal- Dendritic cells

associated membrane protein (LAMP) mRNA
TSA, hTERT and survivin mRNA
TSA, hTERT and survivin. mRNA

Dendritic cells

Dendritic cells

CMV pp65-LAMP mRNA Dendritic cells
TSA mRNA

CMV pp65-LAMP mRNA

Dendritic cells

Dendritic cells

TSA mRNA
CMYV pp65-LAMP mRNA
pp65-shLAMP

Liposome
Dendritic cells

Dendritic cells

CEA mRNA Dendritic cells

CMYV pp65-LAMP mRNA
Survivin, hTERT and pS3 mRNA

Dendritic cells

Dendritic cells
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