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AB Cancer, a combination of haematological and neoplastic malignancies, is a dreadful disease accounting 
for major fatalities worldwide. The domain of innovative nanoparticle-based technology has revolutionized 
the field of cancer therapeutics and imaging. With an emphasis on various nano-immunotherapeutic 
approaches, this study highlights the most recent developments in nano-immune engineering for 
metastatic tumours. Nanotechnology-based cancer immunotherapy has powered the (i) activation of T-
cells in the tumour microenvironment (TME), (ii) preparation of efficient nanovaccines via nano-carriers 
and (iii) generation of smart nanomaterials which change their size/shape (size range of 1 to 1000 nm) 
and functionality upon activation in TME. The tumour microenvironment has an important, albeit 
contentious, role in controlling nanoparticle (NP) dispersion and subsequent biological consequences. The 
current study promotes the harnessing of potential peripheral immune cells by avoiding the creation of a 
pre-metastatic niche and, thus, suppressing tumour recurrence. This review descriptively accounts for a 
wide array of nanomaterials based on their polymeric constituents. Moreover, the current article explores 
the obstacles of integrating nanoscale immunomodulators and presents a forward-looking view of the 
novel nanotechnology-based approaches that may eventually prove helpful in eliminating metastatic 
illnesses.
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AB An improved vaccine is urgently needed to replace the now more than 100-year-old Bacillus Calmette-
Guerin (BCG) vaccine against tuberculosis (TB) disease, which represents a significant burden on global 
public health. Mycolic acid, or cord factor trehalose 6,6 ' dimycolate (TDM), a lipid component abundant 
in the cell wall of the pathogen Mycobacterium tuberculosis (MTB), has been shown to have strong 
immunostimulatory activity but remains underexplored due to its high toxicity and poor solubility. Herein, 
we employed a novel strategy to encapsulate TDM within a cubosome lipid nanocarrier as a potential 
subunit nanovaccine candidate against TB. This strategy not only increased the solubility and reduced the 
toxicity of TDM but also elicited a protective immune response to control MTB growth in macrophages. 
Both pre-treatment and concurrent treatment of the TDM encapsulated in lipid monoolein (MO) 
cubosomes (MO-TDM) (1 mol %) induced a strong proinflammatory cytokine response in MTB-infected 
macrophages, due to epigenetic changes at the promoters of tumor necrosis factor alpha (TNF-a) and 
interleukin 6 (IL-6) in comparison to the untreated control. Furthermore, treatment with MO-TDM (1 mol 
%) cubosomes significantly improved antigen processing and presentation capabilities of MTB-infected 
macrophages to CD4 T cells. The ability of MO-TDM (1 mol %) cubosomes to induce a robust innate and 
adaptive response in vitro was further supported by a mathematical modeling study predicting the 
vaccine efficacy in vivo. Overall, these results indicate a strong immunostimulatory effect of TDM when 
delivered through the lipid nanocarrier, suggesting its potential as a novel TB vaccine.
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public health. Mycolic acid, or cord factor trehalose 6,6' dimycolate (TDM), a lipid component abundant in 
the cell wall of the pathogen Mycobacterium tuberculosis (MTB), has been shown to have strong 
immunostimulatory activity but remains underexplored due to its high toxicity and poor solubility. Herein, 
we employed a novel strategy to encapsulate TDM within a cubosome lipid nanocarrier as a potential 
subunit nanovaccine candidate against TB. This strategy not only increased the solubility and reduced the 
toxicity of TDM but also elicited a protective immune response to control MTB growth in macrophages. 
Both pre-treatment and concurrent treatment of the TDM encapsulated in lipid monoolein (MO) 
cubosomes (MO-TDM) (1 mol %) induced a strong proinflammatory cytokine response in MTB-infected 
macrophages, due to epigenetic changes at the promoters of tumor necrosis factor alpha (TNF-alpha) 
and interleukin 6 (IL-6) in comparison to the untreated control. Furthermore, treatment with MO-TDM (1 
mol %) cubosomes significantly improved antigen processing and presentation capabilities of MTB-
infected macrophages to CD4 T cells. The ability of MO-TDM (1 mol %) cubosomes to induce a robust 
innate and adaptive response in vitro was further supported by a mathematical modeling study predicting 
the vaccine efficacy in vivo. Overall, these results indicate a strong immunostimulatory effect of TDM 
when delivered through the lipid nanocarrier, suggesting its potential as a novel TB vaccine.
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AB Tumor immunotherapy is commonly hindered by inefficient delivery and presentation of tumor 
antigens as well as immunosuppressive tumor microenvironment. To overcome these barriers, a tumor-
specific nanovaccine capable of delivering tumor antigens and adjuvants to antigen-presenting cells and 
modulating the immune microenvironment to elicit strong antitumor immunity is reported. This 
nanovaccine, named FCM@4RM, is designed by coating the nanocore (FCM) with a bioreconstituted 
cytomembrane (4RM). The 4RM, which is derived from fused cells of tumorous 4T1 cells and RAW264.7 
macrophages, enables effective antigen presentation and stimulation of effector T cells. FCM is self-
assembled from Fe(II), unmethylated cytosine-phosphate-guanine oligodeoxynucleotide (CpG), and 
metformin (MET). CpG, as the stimulator of toll-like receptor 9, induces the production of pro-
inflammatory cytokine and the maturation of cytotoxic T lymphocytes (CTLs), thereby enhancing 
antitumor immunity. Meanwhile, MET functions as the programmed cell death ligand 1 inhibitor and can 
restore the immune responses of T cells against tumor cells. Therefore, FCM@4RM exhibits high targeting 
capabilities toward homologous tumors that develop from 4T1 cells. This work offers a paradigm for 
developing a nanovaccine that systematically regulates multiple immune-related processes to achieve 
optimal antitumor immunotherapy.
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AB Theanti-PD-L1 immunotherapy has shown promise in treatingcancer.However, certain patients with 
metastatic cancer have low responseand high relapse rates. A main reason is systemic 
immunosuppressioncaused by exosomal PD-L1, which can circulate in the body and inhibitT cell functions. 
Here, we show that Golgi apparatus-Pd-l1 (-/-) exosome hybrid membrane coated nanoparticles(GENPs) 
can significantly reduce the secretion of PD-L1. The GENPscan accumulate in tumors through homotypic 
targeting and effectivelydeliver retinoic acid, inducing disorganization of the Golgi apparatusand a 
sequence of intracellular events including alteration of endoplasmicreticulum (ER)-to-Golgi trafficking and 
subsequent ER stress, whichfinally disrupts the PD-L1 production and the release of 
exosomes.Furthermore, GENPs could mimic exosomes to access draining lymph nodes.The membrane 
antigen of PD-l1 (-/-) exosome on GENPs can activate T cells through a vaccine-like effect,strongly 
promoting systemic immune responses. By combining GENPs withanti-PD-L1 treatment in the sprayable in 
situ hydrogel,we have successfully realized a low recurrence rate and substantiallyextended survival 
periods in mice models with incomplete metastaticmelanoma resection.
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AB The development of nanovaccines that employ polymericdeliverycarriers has garnered substantial 
interest in therapeutic treatmentof cancer and a variety of infectious diseases due to their 
superiorbiocompatibility, lower toxicity and reduced immunogenicity. Particularly,stimuli-responsive 
polymeric nanocarriers show great promise for deliveringantigens and adjuvants to targeted immune 
cells, preventing antigendegradation and clearance, and increasing the uptake of specific antigen-
presentingcells, thereby sustaining adaptive immune responses and improvingimmunotherapy for certain 
diseases. In this review, the most recentadvances in the utilization of stimulus-responsive polymer-based 
nanovaccinesfor immunotherapeutic applications are presented. These sophisticatedpolymeric 
nanovaccines with diverse functions, aimed at therapeuticadministration for disease prevention and 
immunotherapy, are furtherclassified into several active domains, including pH, temperature,redox, light 
and ultrasound-sensitive intelligent nanodelivery systems.Finally, the potential strategies for the future 
design of multifunctionalnext-generation polymeric nanovaccines by integrating materials sciencewith 
biological interface are proposed.
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development of treatments such as immune checkpoint inhibitors and adoptive cellular immunotherapy. 
The efficacy of immunotherapy is limited, however, owing to high levels of tumor heterogeneity and the 
immunosuppressive environments of advanced malignant tumors. Therefore, therapeutic anticancer 
vaccines have gradually become powerful tools for inducing valid antitumor immune responses and 
regulating the immune microenvironment. Tumor vaccines loaded in nanocarriers have become an 
indispensable delivery platform for tumor treatment because of their enhanced stability, targeting 
capability, and high level of safety. Through a unique design, cancer nanovaccines activate innate 
immunity and tumor-specific immunity simultaneously. For example, the design of cancer vaccines can 
incorporate strategies such as enhancing the stability and targeting of tumor antigens, combining 
effective adjuvants, cytokines, and immune microenvironment regulators, and promoting the maturation 
and cross-presentation of antigen-presenting cells (APCs). In this review, we discuss the design and 
preparation of nanovaccines for remodeling tumor antigen immunogenicity and regulating the 
immunosuppressive microenvironment.
C1 [Wang, Qian-Ting; Liu, Yi-Xuan; Wang, Jie; Wang, Hao] Natl Ctr Nanosci & Technol NCNST, CAS Ctr 
Excellence Nanosci, CAS Key Lab Biomed Effects Nanomat & Nano Safety, Beijing 100190, Peoples R 
China.
   [Liu, Yi-Xuan] Univ Chinese Acad Sci UCAS, Beijing 100049, Peoples R China.
C3 Chinese Academy of Sciences; National Center for Nanoscience &
   Technology - China; Chinese Academy of Sciences; University of Chinese
   Academy of Sciences, CAS
RP Wang, H (通讯作者)，Natl Ctr Nanosci & Technol NCNST, CAS Ctr Excellence Nanosci, CAS Key Lab 
Biomed Effects Nanomat & Nano Safety, Beijing 100190, Peoples R China.
EM wanghao@nanoctr.cn
OI WANG, QIANTING/0000-0002-5366-9141
FU Strategic Priority Research Program of the Chinese Academy of Sciences
   [XDA16021200]
FX Acknowledgments The authors thank the Strategic Priority Research
   Program of the Chinese Academy of Sciences (XDA16021200).
CR Abramson JS, 2020, TRANSFUS MED REV, V34, P29, DOI 10.1016/j.tmrv.2019.08.003
   Akinc A, 2019, NAT NANOTECHNOL, V14, P1084, DOI 10.1038/s41565-019-0591-y
   Akinc A, 2010, MOL THER, V18, P1357, DOI 10.1038/mt.2010.85
   Ali S, 2020, ESMO OPEN, V5, DOI 10.1136/esmoopen-2020-000798
   Anderson RP, 2013, CURR OPIN IMMUNOL, V25, P410, DOI 10.1016/j.coi.2013.02.004
   Anwar MA, 2019, MED RES REV, V39, P1053, DOI 10.1002/med.21553
   Atkins MB, 1999, J CLIN ONCOL, V17, P2105, DOI 10.1200/JCO.1999.17.7.2105
   Bachmann MF, 2010, NAT REV IMMUNOL, V10, P787, DOI 10.1038/nri2868
   Baharom F, 2021, NAT IMMUNOL, V22, P41, DOI 10.1038/s41590-020-00810-3
   Basith S, 2012, ARCH PHARM RES, V35, P1297, DOI 10.1007/s12272-012-0802-7
   Berti C, 2022, MACROMOL BIOSCI, V22, DOI 10.1002/mabi.202100356
   Bowen WS, 2018, EXPERT REV VACCINES, V17, P207, DOI 10.1080/14760584.2018.1434000
   Burch PA, 2000, CLIN CANCER RES, V6, P2175
   Chen DY, 2019, NANOSCALE, V11, P18806, DOI 10.1039/c9nr05788a
   Chen L, 2021, SCI TRANSL MED, V13, DOI 10.1126/scitranslmed.abc2816
   Conlon KC, 2019, J INTERF CYTOK RES, V39, P6, DOI 10.1089/jir.2018.0019
   Dane EL, 2022, NAT MATER, V21, P710, DOI 10.1038/s41563-022-01251-z
   DeMaria PJ, 2019, HEMATOL ONCOL CLIN N, V33, P199, DOI 10.1016/j.hoc.2018.12.001
   Domingos-Pereira S, 2021, ONCOIMMUNOLOGY, V10, DOI 10.1080/2162402X.2021.1912473
   Eisenberg G, 2010, CELL IMMUNOL, V266, P98, DOI 10.1016/j.cellimm.2010.09.003
   Embgenbroich M, 2018, FRONT IMMUNOL, V9, DOI 10.3389/fimmu.2018.01643
   Fehres CM, 2014, FRONT IMMUNOL, V5, DOI 10.3389/fimmu.2014.00149
   Feng YJ, 2022, BIOMATER SCI-UK, V10, P6230, DOI 10.1039/d2bm01211a
   Finn OJ, 2018, CSH PERSPECT BIOL, V10, DOI 10.1101/cshperspect.a028829
   Gao YN, 2021, BIOMATERIALS, V273, DOI 10.1016/j.biomaterials.2021.120792
   Gautam A, 2021, INT J MOL SCI, V22, DOI 10.3390/ijms22189733
   Gong NQ, 2020, NAT NANOTECHNOL, V15, P1053, DOI 10.1038/s41565-020-00782-3
   Gravitz L, 2011, NATURE, V478, P163, DOI 10.1038/478163a
   Gupta J, 2021, SEMIN CANCER BIOL, V69, P307, DOI 10.1016/j.semcancer.2020.03.015
   Herlyn D, 1999, ANN MED, V31, P66, DOI 10.3109/07853899909019264
   Hewitt SL, 2019, SCI TRANSL MED, V11, DOI 10.1126/scitranslmed.aat9143
   Hilf N, 2019, NATURE, V565, P240, DOI 10.1038/s41586-018-0810-y
   HUANG KW, 2020, INT EL DEVICES MEET, V6



file:///D/Joyce/计量学/frontiers/修/Supplementary materials/savedrecs (95).txt[2024/6/27 16:50:09]

   Hunder NN, 2008, NEW ENGL J MED, V358, P2698, DOI 10.1056/NEJMoa0800251
   Irvine DJ, 2015, CHEM REV, V115, P11109, DOI 10.1021/acs.chemrev.5b00109
   Islam MA, 2021, BIOMATERIALS, V266, DOI 10.1016/j.biomaterials.2020.120431
   Jemal A, 2009, CA-CANCER J CLIN, V59, P225, DOI [10.3322/caac.20006, 10.3322/caac.21601, 
10.3322/caac.21254, 10.3322/caac.21387, 10.3322/caac.20073]
   Jiang DD, 2018, ACS APPL MATER INTER, V10, P37797, DOI 10.1021/acsami.8b09946
   Joffre OP, 2012, NAT REV IMMUNOL, V12, P557, DOI 10.1038/nri3254
   Johnson DT, 2022, LEUKEMIA, V36, P994, DOI 10.1038/s41375-021-01432-w
   Keskin DB, 2019, NATURE, V565, P234, DOI 10.1038/s41586-018-0792-9
   Kreiter S, 2008, J IMMUNOL, V180, P309, DOI 10.4049/jimmunol.180.1.309
   Kwok G, 2016, HUM VACC IMMUNOTHER, V12, P2777, DOI 10.1080/21645515.2016.1199310
   Lee JY, 2020, ACS APPL MATER INTER, V12, P34658, DOI 10.1021/acsami.0c09484
   Li Q, 2021, DRUG DES DEV THER, V15, P3953, DOI 10.2147/DDDT.S325790
   Li X, 2022, SMALL, V18, DOI 10.1002/smll.202203100
   Li Y, 2022, ADV MATER, V34, DOI 10.1002/adma.202109984
   Liau LM, 2018, J TRANSL MED, V16, DOI 10.1186/s12967-018-1507-6
   Liu LN, 2018, MOL THER, V26, P45, DOI 10.1016/j.ymthe.2017.10.020
   Liu QJ, 2020, PROTEIN CELL, V11, P549, DOI 10.1007/s13238-020-00707-9
   Liu SL, 2021, NAT MATER, V20, P421, DOI 10.1038/s41563-020-0793-6
   Lu Ligong, 2022, Curr Res Immunol, V3, P118, DOI 10.1016/j.crimmu.2022.05.003
   Lu LG, 2021, HEPATOLOGY, V73, P414, DOI 10.1002/hep.31279
   Lynn GM, 2020, NAT BIOTECHNOL, V38, P320, DOI 10.1038/s41587-019-0390-x
   Ma L, 2021, ADV MATER, V33, DOI 10.1002/adma.202104849
   Mai JH, 2021, ADV SCI, V8, DOI 10.1002/advs.202100166
   Marchand M, 1999, INT J CANCER, V80, P219, DOI 10.1002/(SICI)1097-
0215(19990118)80:2<219::AID-IJC10>3.3.CO;2-J
   Maerkl F, 2022, TRENDS CANCER, V8, P670, DOI 10.1016/j.trecan.2022.04.001
   McCarthy Edward F, 2006, Iowa Orthop J, V26, P154
   Miao L, 2021, MOL CANCER, V20, DOI 10.1186/s12943-021-01335-5
   Morse MA, 2021, TARGET ONCOL, V16, P121, DOI 10.1007/s11523-020-00788-w
   Ni J, 2020, BIOMED PHARMACOTHER, V126, DOI 10.1016/j.biopha.2020.110046
   Ni QQ, 2020, SCI ADV, V6, DOI 10.1126/sciadv.aaw6071
   Novellino L, 2005, CANCER IMMUNOL IMMUN, V54, P187, DOI 10.1007/s00262-004-0560-6
   O'Neill RE, 2019, ADV CANCER RES, V143, P145, DOI 10.1016/bs.acr.2019.03.003
   Oberli MA, 2017, NANO LETT, V17, P1326, DOI 10.1021/acs.nanolett.6b03329
   Parmiani G, 2002, JNCI-J NATL CANCER I, V94, P805, DOI 10.1093/jnci/94.11.805
   Patel M, 2021, J IMMUNOTHER CANCER, V9, pA569, DOI 10.1136/jitc-2021-SITC2021.539
   QUESADA JR, 1986, BLOOD, V68, P493, DOI 10.1182/blood.V68.2.493.493
   Reuven EM, 2019, ACS NANO, V13, P2936, DOI 10.1021/acsnano.8b07241
   Sahin U, 2020, NATURE, V585, P107, DOI 10.1038/s41586-020-2537-9
   Sahin U, 2017, NATURE, V547, P222, DOI 10.1038/nature23003
   Saxena M, 2021, NAT REV CANCER, V21, P360, DOI 10.1038/s41568-021-00346-0
   Shah NN, 2019, NAT REV CLIN ONCOL, V16, P372, DOI 10.1038/s41571-019-0184-6
   Sharma P, 2015, CELL, V161, P205, DOI 10.1016/j.cell.2015.03.030
   Small EJ, 2000, J CLIN ONCOL, V18, P3894, DOI 10.1200/JCO.2000.18.23.3894
   Sosman JA, 2008, J CLIN ONCOL, V26, P2292, DOI 10.1200/JCO.2007.13.3165
   Sun B, 2021, J MATER CHEM B, V9, P7435, DOI 10.1039/d1tb01408k
   Sun XQ, 2021, NAT NANOTECHNOL, V16, P1260, DOI 10.1038/s41565-021-00962-9
   Takaba H, 2017, TRENDS IMMUNOL, V38, P805, DOI 10.1016/j.it.2017.07.010
   Nguyen TL, 2020, BIOMATERIALS, V239, DOI 10.1016/j.biomaterials.2020.119859
   Tse SW, 2021, MOL THER, V29, P2227, DOI 10.1016/j.ymthe.2021.03.002
   Tsoras AN, 2018, BIOCONJUGATE CHEM, V29, P776, DOI 10.1021/acs.bioconjchem.8b00079
   Tuo Z, 2022, CHEM ENG J, V433, DOI 10.1016/j.cej.2021.134437
   Van Allen EM, 2015, SCIENCE, V350, P207, DOI 10.1126/science.aad0095
   Van Lysebetten D, 2021, ACS APPL MATER INTER, V13, P6011, DOI 10.1021/acsami.0c20607
   Vermaelen K, 2019, FRONT IMMUNOL, V10, DOI 10.3389/fimmu.2019.00008
   Vormehr M, 2019, ANNU REV MED, V70, P395, DOI 10.1146/annurev-med-042617-101816
   Wang HW, 2022, NAT BIOMED ENG, V6, DOI 10.1038/s41551-021-00815-9
   Wang J, 2020, ACS BIOMATER SCI ENG, V6, P6036, DOI 10.1021/acsbiomaterials.0c01201
   Wang QT, 2020, CANCER IMMUNOL IMMUN, V69, P1375, DOI 10.1007/s00262-020-02496-w
   Wang S, 2021, SCI TRANSL MED, V13, DOI 10.1126/scitranslmed.abb6981



file:///D/Joyce/计量学/frontiers/修/Supplementary materials/savedrecs (95).txt[2024/6/27 16:50:09]

   Wang WW, 2022, ADV MATER, V34, DOI 10.1002/adma.202109354
   Wang WJ, 2019, NANOMED-NANOTECHNOL, V16, P69, DOI 10.1016/j.nano.2018.11.009
   Wang YL, 2021, NANO TODAY, V38, DOI 10.1016/j.nantod.2021.101139
   Xu J, 2020, NAT NANOTECHNOL, V15, P1043, DOI 10.1038/s41565-020-00781-4
   Yang R, 2018, ACS NANO, V12, P5121, DOI 10.1021/acsnano.7b09041
   Yang XY, 2021, NANOMED-NANOTECHNOL, V37, DOI 10.1016/j.nano.2021.102443
   Yang YP, 2015, J CLIN INVEST, V125, P3335, DOI 10.1172/JCI83871
   Ye XY, 2019, ACS NANO, V13, P2956, DOI 10.1021/acsnano.8b07371
   Yu M, 2019, ADV SCI, V6, DOI 10.1002/advs.201900037
   Zhao Y, 2018, MOL PHARMACEUT, V15, P1791, DOI 10.1021/acs.molpharmaceut.7b01103
   Zhou SL, 2020, BIOMATERIALS, V235, DOI 10.1016/j.biomaterials.2020.119795
   Zou MZ, 2021, NANO LETT, V21, P8609, DOI 10.1021/acs.nanolett.1c02482
NR 104
TC 0
Z9 0
U1 12
U2 12
PU WILEY-V C H VERLAG GMBH
PI WEINHEIM
PA POSTFACH 101161, 69451 WEINHEIM, GERMANY
SN 1860-7179
EI 1860-7187
J9 CHEMMEDCHEM
JI ChemMedChem
PD JUL 3
PY 2023
VL 18
IS 13
DI 10.1002/cmdc.202200673
EA MAY 2023
PG 15
WC Chemistry, Medicinal; Pharmacology & Pharmacy
WE Science Citation Index Expanded (SCI-EXPANDED)
SC Pharmacology & Pharmacy
GA M1OU3
UT WOS:000979131700001
PM 37088719
DA 2023-09-14
ER

PT J
AU Zhang, BB
   Zhang, J
   Li, YQ
   Li, N
   Wang, YZ
   Jang, R
   Xu, XX
   Li, RF
   Chen, ZZ
   Duan, SB
   Wang, YC
   Zhang, LZ
AF Zhang, Beibei
   Zhang, Juan
   Li, Yaqiong
   Li, Na
   Wang, Yuzhou
   Jang, Ru
   Xu, Xiaoxia
   Li, Ruifang



file:///D/Joyce/计量学/frontiers/修/Supplementary materials/savedrecs (95).txt[2024/6/27 16:50:09]

   Chen, Zhenzhen
   Duan, Shaobo
   Wang, Yongchao
   Zhang, Lianzhong
TI In Situ STING-Activating Nanovaccination with TIGIT Blockade for
   Enhanced Immunotherapy of Anti-PD-1-Resistant Tumors
SO ADVANCED MATERIALS
LA English
DT Article
DE anti-PD-1-resistant tumors; biomimetic materials; immunotherapy;
   nanovaccination; STING
ID ANTITUMOR; RESISTANCE; PATHWAY
AB Immunotherapies comprising programmed cell death protein 1/PD ligand 1 (PD-1/PD-L1) immune 
checkpoint inhibitors are effective cancer treatments. However, the low response rate and 
immunoresistance resulting from alternative immune checkpoint upregulation and inefficient immune 
stimulation by T cells are problematic. The present report describes a biomimetic nanoplatform that 
simultaneously blocks the alternative T-cell immunoglobulin and immunoreceptor tyrosine-based 
inhibitory motif domain (TIGIT) checkpoint and activates the stimulator of interferon genes (STING) 
signaling pathway in situ for enhanced antitumor immunity. The nanoplatform is engineered by fusing a 
red blood cell membrane with glutathione-responsive liposome-encapsulated cascade-activating 
chemoagents (beta-lapachone and tirapazamine), and anchoring them with a detachable TIGIT block 
peptide (named as RTLT). In the tumor environment, the peptide is spatiotemporally released to reverse 
T-cell exhaustion and restore antitumor immunity. The cascade activation of chemotherapeutic agents 
causes DNA damage and inhibits the repair of double-stranded DNA, which induces robust in situ STING 
activation for an efficient immune response. The RTLT inhibits anti-PD-1-resistant tumor growth, and 
prevents tumor metastasis and recurrence in vivo by inducing antigen-specific immune memory. This 
biomimetic nanoplatform thus provides a promising strategy for in situ cancer vaccination.
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AB Cancer vaccine has been considered as a promising immunotherapy by inducing specific anti-tumor 
immune response. Rational vaccination at suitable time to efficiently present tumor associated antigen 
will boost tumor immunity and is badly needed. Here, a poly (lactic-co-glycolic acid) (PLGA)-based cancer 
vaccine of nanoscale is designed, in which engineered tumor cell membrane proteins, mRNAs, and 
sonosensitizer chlorin e6 (Ce6) are encapsulated at high efficiency. The nanosized vaccine can be 
efficiently delivered into antigen presentation cells (APCs) in lymph nodes after subcutaneous injection. In 
the APCs, the encapsulated cell membrane and RNA from engineered cells, which have disturbed splicing 
resembling the metastatic cells, provide neoantigens of metastatic cancer in advance. Moreover, the 
sonosensitizer Ce6 together with ultrasound irradiation promotes mRNA escape from endosome, and 
augments antigen presentation. Through 4T1 syngeneic mouse model, it has been proved that the 
proposed nanovaccine is efficient to elicit antitumor immunity and thus prevent cancer metastasis.
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AB Immunotherapy has been recognized as one of the most promising treatment strategies for head and 
neck squamous cell carcinoma (HNSCC). As a pioneering trend of immunotherapy, dendritic cell (DC) 
vaccines have displayed the ability to prime an immune response, while the insufficient immunogenicity 
and low lymph node (LN) targeting efficiency, resulted in an unsubstantiated therapeutic efficacy in 
clinical trials. Herein, a hybrid nanovaccine (Hy-M-Exo) is developed via fusing tumor-derived exosome 
(TEX) and dendritic cell membrane vesicle (DCMV). The hybrid nanovaccine inherited the key protein for 
lymphatic homing, CCR7, from DCMV and demonstrated an enhanced efficiency of LN targeting. 
Meanwhile, the reserved tumor antigens and endogenous danger signals in the hybrid nanovaccine 
activated antigen presenting cells (APCs) elicited a robust T-cell response. Moreover, the nanovaccine Hy-
M-Exo displayed good therapeutic efficacy in a mouse model of HNSCC. These results indicated that Hy-
M-Exo is of high clinical value to serve as a feasible strategy for antitumor immunotherapy.
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AB Tumor vaccine is a promising cancer treatment modality, however, the convenient antigens loading in 
vivo and efficient delivery of vaccines to lymph nodes (LNs) still remain a formidable challenge. Herein, 
an in situ nanovaccine strategy targeting LNs to induce powerful antitumor immune responses by 
converting the primary tumor into whole-cell antigens and then delivering these antigens and 
nanoadjuvants simultaneously to LNs is proposed. The in situ nanovaccine is based on a hydrogel system, 
which loaded with doxorubicin (DOX) and nanoadjuvant CpG-P-ss-M. The gel system exhibits ROS-
responsive release of DOX and CpG-P-ss-M, generating abundant in situ storage of whole-cell tumor 
antigens. CpG-P-ss-M adsorbs tumor antigens through the positive surface charge and achieves charge 
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and proliferation of T cells. Moreover, the vaccine combined with anti-CTLA4 antibody and losartan 
inhibits tumor growth by 50%, significantly increasing the percentage of splenic cytotoxic T cells (CTLs), 
and generating tumor-specific immune responses. Overall, the treatment effectively inhibits primary 
tumor growth and induces tumor-specific immune response. This study provides a scalable strategy for in 
situ tumor vaccination.
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AB Tertiary lymphoid structures (TLSs) are formed in inflamed tissues, and recent studies demonstrated 
that the appearance of TLSs in tumor sites is associated with a good prognosis for tumor patients. 
However, the process of natural TLSs' formation was slow and uncontrollable. Herein, we developed a 
nanovaccine consisting of Epstein-Barr virus nuclear antigen 1 (EBNA1) and a bi-adjuvant of Mn2+ and 
cytosine-phosphate-guanine (CpG) formulated with tannic acid that significantly inhibited the 
development of mimicry nasopharyngeal carcinoma by fostering TLS formation. The nanovaccine 
activated LT-alpha and LT-beta pathways, subsequently enhancing the expression of downstream 
chemokines, CCL19/ CCL21, CXCL10 and CXCL13, in the tumor microenvironment. In turn, normalized 
blood and lymph vessels were detected in the tumor tissues of the nanovaccine group, correlated with 
increased infiltration of lymphocytes. Especially, the proportion of the B220+ CD8+ T, which was 
produced via trogocytosis between T and B cells during activation of T cells, was increased in tumors of 
the nanovaccine group. Furthermore, the intratumoral effector memory T cells (Tem), CD45+, CD3+, 
CD8+, CD44+, and CD62L-, did not decrease after blocking the egress of T cells from tumor-draining 
lymph nodes by FTY-720. These results demonstrated that the nanovaccine can foster TLS formation, 
which thus enhances local immune responses significantly, delays tumor outgrowth, and prolongs the 
median survival time of murine models of mimicry nasopharyngeal carcinoma, demonstrating a promising 
strategy for nanovaccine development.
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AB PurposeThe growing incidence and lethality of pancreatic cancer urges the development of new 
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immunotherapy against pancreatic cancer.
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AB Antigen self-assembly nanovaccines advance the minimalist design of therapeutic cancer vaccines, but 
the issue of inefficient cross-presentation has not yet been fully addressed. Herein, we report a unique 
approach by combining the concepts of "antigen multi-copy display" and "calcium carbonate (CaCO3) 
biomineralization" to increase cross-presentation. Based on this strategy, we successfully construct sub-
100 nm biomineralized antigen nanosponges (BANSs) with high CaCO3 loading (38.13 wt%) and antigen 
density (61.87%). BANSs can be effectively uptaken by immature antigen-presenting cells (APCs) in the 
lymph node upon subcutaneous injection. Achieving efficient spatiotemporal coordination of antigen 
cross-presentation and immune effects, BANSs induce the production of CD4(+) T helper cells and 
cytotoxic T lymphocytes, resulting in effective tumor growth inhibition. BANSs combined with anti-PD-1 
antibodies synergistically enhance anti-tumor immunity and reverse the tumor immunosuppressive 
microenvironment. Overall, this CaCO3 powder-mediated biomineralization of antigen nanosponges offer 
a robust and safe strategy for cancer immunotherapy.
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AB Cancer vaccines, which directly pulsed in vivo dendritic cells (DCs) with specific antigens and 
immunostimulatory adjuvants, showed great potential for cancer immunoprevention. However, most of 
them were limited by suboptimal outcomes, mainly owing to overlooking the complex biology of DC 
phenotypes. Herein, based on adjuvant-induced antigen assembly, we developed aptamer-functionalized 
nanovaccines for in vivo DC subset-targeted codelivery of tumor-related antigens and immunostimulatory 
adjuvants. We chose two aptamers, iDC and CD209, and tested their performance on DC targeting. Our 
results verified that these aptamer-functionalized nanovaccines could specifically recognize circulating 
classical DCs (cDCs), a subset of DCs capable of priming nai''ve T cells, noting that iDC outperformed 
CD209 in this regard. With excellent cDC-targeting capability, the iDC-functionalized nanovaccine induced 
potent antitumor immunity, leading to effective inhibition of tumor occurrence and metastasis, thus 
providing a promising platform for cancer immunoprevention.
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AB Immunostimulatory cues play an important role in priming antitumor immunity and promoting the 
efficacy of subunit cancer vaccines. However, the clinical use of many immunostimulatory agents is often 
hampered by their inefficient in vivo delivery which may decrease immune response to the vaccination. 
To promote vaccine efficacy, we develop vaccine formulations which integrate three key elements: (1) a 
nano-adjuvant formulated by conjugating an agonistic anti-CD40 monoclonal antibody ( alpha CD40) to 
the surface of a polyIC-loaded lipid nanoparticle, (2) a peptide amphiphile containing an optimized CD8 + 
T-cell epitope that derived from a melanoma antigen gp100, (3) an agonistic anti-4-1BB monoclonal 
antibody ( alpha 4-1BB) that boosts the efficacy of vaccinations. In a syngeneic mouse model of 
melanoma, the vaccine formulations enhanced innate immunity and activated multiple innate immune 
signaling pathways within draining lymph nodes, as well as promoted antigen-specific immune responses 
and reduced immunosuppression in the tumor microenvironment, leading to profound tumor growth 
inhibition and prolonged survival. Thus, our vaccine formulations represent an attractive strategy to 
stimulate antitumor immunity and control tumor progression.
C1 [Yan, Huan; Lin, Guibin; Liu, Zhanyan; Gu, Fei; Zhang, Yuan] South China Univ Technol, Sch Biomed 
Sci & Engn, Guangzhou Int Campus, Guangzhou 511442, Peoples R China.
   [Yan, Huan; Lin, Guibin; Liu, Zhanyan; Gu, Fei; Zhang, Yuan] South China Univ Technol, Natl Engn Res 
Ctr Tissue Restorat & Reconstruct, Guangzhou 510006, Peoples R China.
   [Yan, Huan; Lin, Guibin; Liu, Zhanyan; Gu, Fei; Zhang, Yuan] South China Univ Technol, Guangdong 
Prov Key Lab Biomed Engn, Guangzhou 510006, Peoples R China.
   [Yan, Huan; Lin, Guibin; Liu, Zhanyan; Gu, Fei; Zhang, Yuan] South China Univ Technol, Key Lab 
Biomed Mat & Engn, Minist Educ, Guangzhou 510006, Peoples R China.
C3 South China University of Technology; South China University of
   Technology; South China University of Technology; South China University
   of Technology
RP Zhang, Y (通讯作者)，South China Univ Technol, Sch Biomed Sci & Engn, Guangzhou Int Campus, 
Guangzhou 511442, Peoples R China.; Zhang, Y (通讯作者)，South China Univ Technol, Natl Engn Res 
Ctr Tissue Restorat & Reconstruct, Guangzhou 510006, Peoples R China.; Zhang, Y (通讯作者)，South 
China Univ Technol, Guangdong Prov Key Lab Biomed Engn, Guangzhou 510006, Peoples R China.; 
Zhang, Y (通讯作者)，South China Univ Technol, Key Lab Biomed Mat & Engn, Minist Educ, Guangzhou 
510006, Peoples R China.
EM mczhang@scut.edu.cn
FU National Natural Science Foundation of China [82172080]; Basic and
   Applied Basic Research Foundation of Guangdong Province
   [2020A1515111204]; Fundamental Research Funds for the Central
   Universities [2020ZYGXZR099]; Recruitment Program of Global Experts
FX This work was supported by National Natural Science Founda- tion of
   China (82172080) , Basic and Applied Basic Research Foun- dation of
   Guangdong Province (2020A1515111204) , the Fundamen- tal Research Funds
   for the Central Universities (2020ZYGXZR099) and the Recruitment Program
   of Global Experts. We would like to thank the Research Core Facilities
   at the South China University of Technology.
CR Adams S, 2009, IMMUNOTHERAPY-UK, V1, P949, DOI [10.2217/imt.09.70, 10.2217/IMT.09.70]
   Bartkowiak T, 2015, FRONT ONCOL, V5, DOI 10.3389/fonc.2015.00117
   Bennett SRM, 1998, NATURE, V393, P478, DOI 10.1038/30996
   Bocanegra Gondan A.I., BIOMATERIALS
   Byrne KT, 2016, CELL REP, V15, P2719, DOI 10.1016/j.celrep.2016.05.058
   Careaga M, 2018, J NEUROIMMUNOL, V323, P87, DOI 10.1016/j.jneuroim.2018.06.014
   Chen Q, 2016, NAT IMMUNOL, V17, P1142, DOI 10.1038/ni.3558



file:///D/Joyce/计量学/frontiers/修/Supplementary materials/savedrecs (95).txt[2024/6/27 16:50:09]

   Chono S, 2008, J CONTROL RELEASE, V131, P64, DOI 10.1016/j.jconrel.2008.07.006
   Civril F, 2013, NATURE, V498, P332, DOI 10.1038/nature12305
   D'Arcangelo E, 2020, BRIT J CANCER, V122, P931, DOI 10.1038/s41416-019-0705-1
   de Silva S, 2020, CANCER IMMUNOL RES, V8, P230, DOI 10.1158/2326-6066.CIR-19-0493
   de Titta A, 2013, P NATL ACAD SCI USA, V110, P19902, DOI 10.1073/pnas.1313152110
   Di SM, 2019, FRONT ONCOL, V9, DOI 10.3389/fonc.2019.00241
   Forghani P, 2015, BREAST CANCER RES TR, V153, P21, DOI 10.1007/s10549-015-3508-y
   Freen-van Heeren JJ, 2021, SCAND J IMMUNOL, V93, DOI 10.1111/sji.13019
   Hatzifoti C, 2007, IMMUNOLOGY, V122, P98, DOI 10.1111/j.1365-2567.2007.02617.x
   Inoue C, 2019, CANCERS, V11, DOI 10.3390/cancers11091257
   Jalali SA, 2012, NANOMED-NANOTECHNOL, V8, P692, DOI 10.1016/j.nano.2011.09.010
   Jang JS, 2018, CELL DEATH DIS, V9, DOI 10.1038/s41419-018-0889-y
   Jiang ZF, 2004, P NATL ACAD SCI USA, V101, P3533, DOI 10.1073/pnas.0308496101
   Kawai T, 2011, IMMUNITY, V34, P637, DOI 10.1016/j.immuni.2011.05.006
   Kwong B, 2011, BIOMATERIALS, V32, P5134, DOI 10.1016/j.biomaterials.2011.03.067
   Lee S.C., INFECT IMMUN
   Li YZ, 2020, NAT CANCER, V1, P882, DOI 10.1038/s43018-020-0095-6
   Liu HP, 2014, NATURE, V507, P519, DOI 10.1038/nature12978
   Liu SQ, 2015, SCIENCE, V347, P1217, DOI 10.1126/science.aaa2630
   Llopiz D, 2008, CANCER IMMUNOL IMMUN, V57, P19, DOI 10.1007/s00262-007-0346-8
   Long KB, 2016, CANCER DISCOV, V6, P400, DOI 10.1158/2159-8290.CD-15-1032
   Lousberg EL, 2010, J VIROL, V84, P6549, DOI 10.1128/JVI.02618-09
   Marraco SAF, 2011, PLOS ONE, V6, DOI 10.1371/journal.pone.0020189
   Mazurkiewicz J, 2022, CELL COMMUN SIGNAL, V20, DOI 10.1186/s12964-022-00871-x
   Meylan E, 2006, NATURE, V442, P39, DOI 10.1038/nature04946
   Mogensen TH, 2019, FRONT IMMUNOL, V9, DOI 10.3389/fimmu.2018.03047
   Morrison AH, 2020, P NATL ACAD SCI USA, V117, P8022, DOI 10.1073/pnas.1918971117
   Moschonas A, 2012, J IMMUNOL, V188, P5521, DOI 10.4049/jimmunol.1200133
   Nakata M., NUCL INSTRUM METH A, V35, P2021
   Qi CJ, 2011, BLOOD, V117, P6825, DOI 10.1182/blood-2011-02-339812
   Rotzschke O., 2012, PLOS ONE, V7
   Schmidt W, 1997, P NATL ACAD SCI USA, V94, P3262, DOI 10.1073/pnas.94.7.3262
   Shae D, 2020, ACS NANO, V14, P9904, DOI 10.1021/acsnano.0c02765
   Sultan H, 2020, J IMMUNOTHER CANCER, V8, DOI 10.1136/jitc-2020-001224
   Takeda Y, 2017, CELL REP, V19, P1874, DOI 10.1016/j.celrep.2017.05.015
   van Stipdonk MJB, 2009, CANCER RES, V69, P7784, DOI 10.1158/0008-5472.CAN-09-1724
   Verma P, 2021, MOL PHARMACEUT, V18, P3832, DOI 10.1021/acs.molpharmaceut.1c00451
   Vonderheide RH, 2020, ANNU REV MED, V71, P47, DOI 10.1146/annurev-med-062518-045435
   Wattenberg MM, 2021, JCI INSIGHT, V6, DOI 10.1172/jci.insight.145389
   Wenthe J, 2021, CANCER IMMUNOL IMMUN, V70, P2851, DOI 10.1007/s00262-021-02895-7
   Yalamanoglu A, 2021, FRONT IMMUNOL, V12, DOI 10.3389/fimmu.2021.627944
   Yamashita M, 2021, MOL THER-ONCOLYTICS, V20, P422, DOI 10.1016/j.omto.2021.01.016
   Yin W., EBIOMEDICINE
   Zhang Y, 2018, NAT COMMUN, V9, DOI [10.1038/s41467-017-02251-3, 10.1038/s41467-018-06126-z]
   Zhang Y, 2012, MOL THER, V20, P1298, DOI 10.1038/mt.2012.79
   Zhu Q, 2010, J CLIN INVEST, V120, P607, DOI 10.1172/JCI39293
   Zippelius A, 2015, CANCER IMMUNOL RES, V3, P236, DOI 10.1158/2326-6066.CIR-14-0226
NR 54
TC 0
Z9 0
U1 4
U2 5
PU ELSEVIER SCI LTD
PI OXFORD
PA THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, ENGLAND
SN 1742-7061
EI 1878-7568
J9 ACTA BIOMATER
JI Acta Biomater.
PD APR 15
PY 2023



file:///D/Joyce/计量学/frontiers/修/Supplementary materials/savedrecs (95).txt[2024/6/27 16:50:09]

VL 161
BP 213
EP 225
DI 10.1016/j.actbio.2023.02.034
EA MAR 2023
PG 13
WC Engineering, Biomedical; Materials Science, Biomaterials
WE Science Citation Index Expanded (SCI-EXPANDED)
SC Engineering; Materials Science
GA D5JW5
UT WOS:000969104900001
PM 36858163
DA 2023-09-14
ER

PT J
AU Liu, HX
   Xie, ZG
   Zheng, M
AF Liu, Hongxin
   Xie, Zhigang
   Zheng, Min
TI Carbon Dots and Tumor Antigen Conjugates as Nanovaccines for Elevated
   Cancer Immunotherapy
SO SMALL
LA English
DT Article
DE cancer immunotherapy; carbon dots; nanovaccines; tumor antigens
ID BLOCKADE
AB Cancer immunotherapy has become one of the current research hotspots. However, the deficiencies 
including restricted immunogenicity, insufficient antigen presentation, and low responsive rate limited 
their therapeutic applications. Own to the small size and excellent biocompatibility, carbon dots (CDs) can 
serve as nanovectors to improve the efficacy of cancer immunotherapy. Herein, a tumor antigen-based 
nanovaccines (GMal+B16F10-Ag and GMal+CT26-Ag) by the conjugation of CDs with the tumor cell-
derived antigens (B16F10-Ag and CT26-Ag) is constructed. These nanovaccines can be effectively taken 
up by dendritic cells (DC2.4), promote DC cell maturation, cross-present the antigen to T cells, specifically 
target B16F10 melanoma or CT26 colon cancers, and inhibit tumor growth distinctly. This work illustrates 
the promise of CDs acting as versatile carriers for antigen delivery to achieve the optimal 
immunotherapeutic outcomes.
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AB As metal ions play important roles in the process of immunomodulation, immunotherapy based on 
metal ions has attracted tremendous interests in recent years. Here, we screened common metal ions 
and found that Mn2+ could enhance the immune function in vitro. A new type of nanovaccine is thus 
fabricated by a biomimetic approach using nanoscale coordination polymer formed by Mn2+ and 2-
methylimidazole (2-MI) to encapsulate ovalbumin (OVA) protein, a model antigen, obtaining OVA@MM 
nanoparticles. Compared to free OVA, OVA@MM nano -particles could more effectively induce the 
maturation of bone marrow-derived dendritic cells (BMDCs) and their subsequent antigen cross-
presentation. The particles made of Mn2+ and 2-MI could activate immune-regulated signal pathways to 
enhance the immune functions of BMDCs. Such OVA@MM nanovaccine could not only provide 
prophylactic effect to inhibit the growth of B16-OVA tumor on immunized mice, but also significantly 
inhibit tumor growth in the mice with B16-OVA tumor combined with anti-programmed cell death protein 
1 (anti-PD-1) antibody. Therefore, this nanovaccine platform based on Mn2+, 2-MI and antigen may 
provide a simple, effective and broadly applicable strategy to enhance adaptive immunity against cancer 
and other diseases.
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AB Cancer vaccine is one of the immunotherapeutic strategies aiming to effectively deliver cancer 
antigens to professional antigen-presenting cells such as dendritic cells (DCs), macrophages, and B cells 
to elicit a cancer-specific immune response. Despite the advantages of the cancer vaccine that can be 
applied to various cancer types, the clinical approach is limited due to the non-specific or adverse immune 
responses, stability, and safety issues. In this study, we report an injectable nanovaccine platform based 
on large-sized (similar to 350 nm) porous silica nanoparticles (PSNs). We found that large-sized PSNs, 
called PS3, facilitated the formation of an antigen supply depot at the site of injection so that a single 
injection of PSN-based nanovaccine elicited sufficient tumor-specific cell-mediated and humoral immune 
response. As a result, antigen-loaded PS3 induced successful tumor regression in prophylactic and 
therapeutic vaccination.
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AB Nanovaccines have attracted intense interests for efficient antigen delivery and tumor-specific 
immunity. It is challenging to develop a more efficient and personalized nanovaccine to maximize all 
steps of the vaccination cascade by exploiting the intrinsic properties of nanoparticles. Here, 
biodegradable nanohybrids (MP) composed of manganese oxide nanoparticles and cationic polymers are 
synthesized to load a model antigen ovalbumin to form MPO nanovaccines. More interestingly, MPO could 
serve as autologous nanovaccines for personalized tumor treatment taking advantage of in situ released 
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tumor-associated antigens induced by immunogenic cell death (ICD). The intrinsic properties of MP 
nanohybrids including morphology, size, surface charge, chemical, and immunoregulatory functions are 
fully exploited to enhance of all steps of the cascade and induce ICD. MP nanohybrids are designed to 
efficiently encapsulate antigens by cationic polymers, drain to lymph nodes by appropriate size, be 
internalized by dendritic cells (DCs) by rough morphology, induce DC maturation through cGAS-STING 
pathway, and enhance lysosomal escape and antigen cross-presentation through the "proton sponge 
effect". The MPO nanovaccines are found to efficiently accumulate in lymph nodes and elicit robust 
specific T-cell immune responses to inhibit the occurrence of ovalbumin-expressing B16-OVA melanoma. 
Furthermore, MPO demonstrate great potential to serve as personalized cancer vaccines through the 
generation of autologous antigen depot through ICD induction, activation of potent antitumor immunity, 
and reversal of immunosuppression. This work provides a facile strategy for the construction of 
personalized nanovaccines by exploiting the intrinsic properties of nanohybrids.
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AB Cancer: Turning tumors into vaccinesTherapeutic vaccines derived from tumor cells could provide a 
personalized strategy for training the immune system to find and destroy cancer. Past efforts to develop 
such vaccines have been hampered by the challenge of identifying tumor-specific proteins that elicit a 
strong immune response. To overcome this, Byung-Soo Kim and colleagues at Seoul National University 
pursued a strategy in which they subjected tumor cells to chemical treatments that halted proliferation 
and stimulated production of immunity-activating signaling molecules. The cells were then broken up into 
membrane-encased fragments filled with tumor-derived biomolecules. Mice dosed with such vaccines, 
which carry a diverse mix of antigens, showed a potent anti-cancer response, resulting in tumor cell 
death and significantly improved survival. By treating cells from patient biopsies in this fashion, clinicians 
could potentially derive potent, individually tailored tumor vaccines.
   The development of therapeutic cancer vaccines (TCVs) that provide clinical benefits is challenging 
mainly due to difficulties in identifying immunogenic tumor antigens and effectively inducing antitumor 
immunity. Furthermore, there is an urgent need for personalized TCVs because only a limited number of 
tumor antigens are shared among cancer patients. Several autologous nanovaccines that do not require 
the identification of immunogenic tumor antigens have been proposed as personalized TCVs. However, 
these nanovaccines generally require exogenous adjuvants (e.g., Toll-like receptor agonists) to improve 
vaccine immunogenicity, which raises safety concerns. Here, we present senescent cancer cell-derived 
nanovesicle (SCCNV) as a personalized TCV that provides patient-specific tumor antigens and improved 
vaccine immunogenicity without the use of exogenous adjuvants. SCCNVs are prepared by inducing 
senescence in cancer cells ex vivo and subsequently extruding the senescent cancer cells through 
nanoporous membranes. In the clinical setting, SCCNVs can be prepared from autologous cancer cells 
from the blood of liquid tumor patients or from tumors surgically removed from solid cancer patients. 
SCCNVs also contain interferon-gamma and tumor necrosis factor-alpha, which are expressed during 
senescence. These endogenous cytokines act as adjuvants and enhance vaccine immunogenicity, 
avoiding the need for exogenous adjuvants. Intradermally injected SCCNVs effectively activate dendritic 
cells and tumor-specific T cells and inhibit primary and metastatic tumor growth and tumor recurrence. 
SCCNV therapy showed an efficacy similar to that of immune checkpoint blockade (ICB) therapy and 
synergized with ICB. SCCNVs, which can be prepared using a simple and facile procedure, show potential 
as personalized TCVs.
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nanovac-cines with a narrow size distribution could target lymph nodes (LNs) after intravenous injection 
to mice. The carrier-free nanovaccines based on ovalbumin (OVA) can stimulate strong antibody titers 
and CD4+ and CD8+ T cell immune responses in mice, and it synergized with anti-PD1 showing a potent 
tumor suppression in B16F10-OVA tumor model of mice. Furthermore, the carrier-free nanovaccine with 
glyco-protein E (gE), a glycoprotein of the varicella-zoster virus (VZV), also showed potent humoral and 
cellular immune responses. Therefore, using subunit proteins to support Diprovocim by pi-pi stacking 
provides a new approach for the preparation and application of novel vaccines for tumor therapy and 
prevention of infectious diseases.Statement of significance Codelivering subunit antigens and adjuvants 
via nanocarriers stimulate potent innate and specific im-mune responses. However, existing delivery 
materials for fabricating nanovaccines will inevitably increase the cost of preparation, controllability, 
process complexity and safety assessment. Therefore, this study easily prepared carrier-free 
nanovaccines using the benzene ring-rich TLR1/TLR2 adjuvant Diprovocim, which can interact with 
aromatic residues in subunit antigens via pi-pi stacking without additional mate-rials. The carrier-free 
nanovaccines of OVA demonstrated a potent tumor inhibition in treating melanoma in combination with 
anti-PD1. And the nanovaccines of gE stimulated a strong antibody titer and cellular immune response for 
herpes zoster. Thus, the present study provides a new approach for the preparation of subunit vaccines 
to combat various cancers and virus infections.(c) 2022 Acta Materialia Inc. Published by Elsevier Ltd. All 
rights reserved.
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AB Cancer vaccines are being explored for enhanced cancer immunotherapy and prophylaxis. Some of 
their prevailing weaknesses, however, such as complicated preparation, poor biocompatibility, and failure 
to elicit strong cellular immune responses, have limited their further clinical applications. Here, we 
reported a multifunctional nanovaccine that was prepared in a quick and simple way. During the self-
assembly of metal-phenolic networks (MPNs), the antigen ovalbumin (OVA) and immunoreactive 
chlorogenic acid (CHA) were simultaneously loaded. Owing to its dual pH and reduction sensitivities, the 
nanovaccine could deliver antigens into the cytoplasm of dendritic cells (DCs) and facilitate the cross-
presentation of antigens. Moreover, the results of in vivo immunization assays demonstrated that the 
nanovaccine signifi-cantly excited the antigen presentation of DCs and provoked a robust cellular immune 
response with the restrained activation of regulatory T cells (Tregs), by targeting lymph nodes and 
executing the function of CHA. In vivo antitumor assays indicated that the nanovaccine with good 
biocompatibility afforded con-spicuous cancer treatment and prevention effects. Overall, the nanovaccine 
presented in this study shows a promise for potentiating cancer immunotherapy by the lymph node-
targeted delivery.Statement of significanceCancer nanovaccines can be used for cancer immunotherapy. 
However, some existing shortcomings, such as cumbersome preparation, poor biocompatibility, and 
failure to elicit strong immune responses, limit the clinical application of cancer nanovaccines. This study 
developed a multifunctional nanovaccine that was readily prepared through the self-assembly of metal-
phenolic networks. The nanovaccine with dual pH and reduction sensitivities could efficiently promote the 
antigen lysosome escape and cross -presentation. In vivo , it efficiently delivered antigen into lymph 
nodes and provoked strong cellular im-mune responses, and thus it showed significant cancer 
immunotherapy and prevention effect.(c) 2022 Acta Materialia Inc. Published by Elsevier Ltd. All rights 
reserved.
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AB Background and objectives: NSCLC (Non-Small Cell Lung Cancer) clutches highest mortality rate in 
man and women globally. The present study was conducted to target MUC-1 peptide (M-1) into antigen 
presenting cells by cargo the peptide into hyaluronic acid decorated polyethylene glycol linked poly (D, L-
lactide-co-glycolide) nanoparticles (M-1-PL-co-GA-PEG-sHA-NPs) for generating mucosal immunity 
through inhalation (i.h.) route. Methodology and results: The mean particle size and surface charge of M-
1-PL-co-GA-PEG-sHA-NPs was measured to be 136.2 +/- 18.38-nm and -28.34 +/- 6.77-mV, respectively, 
prepared by non-aggregated emulsion-diffusion evaporation method. The 28.42% percentage release of 
M-1 peptide from M-1-PL-co-GA-PEG-NPs was observed to be at 2 h and 95.29% at 8 h while the 
percentage release of M-1 peptide from M-1-PL-co-GA-PEG-sHA-NPs was observed to be 26.02% at 4 h 
and 97.95% at 24 h that proved the prolonged release of antigen. M-1-PL-co-GA-PEG-sHA-NPs 
demonstrated higher (P < 0.05) cellular uptake of 86.2% in RAW 264.7 cells in comparison to 27.6% of 
M-1-PL-co-GA-PEG-NPs. In addition, M-1-PL-co-GA-PEG-sHA-NPs induced remarkably (P < 0.05) elevated 
release of 80.6-pg/ml of TNF-alpha in comparison to 5-pg/ml by culture medium and 57.9-pg/ml of TNF-
alpha by M-1-PL-co-GA-PEG-NPs. Similarly, M-1-PL-co-GA-PEG-sHA-NPs persuade remarkably (P < 0.05) 
elevated release of 225-pg/ml of IL-1 beta in comparison to 47-pg/ml by culture medium and 161.9-
pg/ml of IL-1 beta by M-1-PL-co-GA-PEG-NPs. M-1-PL-co-GA-PEG-sHA-NPs might have been endocytosed 
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through receptor mediated pathway owing to presence of sHA. Mice immunized through i.h. route with 
M-1-PL-co-GA-PEG-sHA-NPs induced strong (P < 0.05) IgA antibody titre as compared to M-1-PL-co-GA-
PEG-NPs and M-1 peptide in dose-dosage regimen. Conclusion: M-1-PL-co-GA-PEG-sHA-NPs nanovaccine 
warrants further analysis in xenograft model of NSCLC to showcase its antitumor capability.
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AB Purpose: Recent studies have shown that traditional Chinese medicine (TCM), such as gambogic acid 
(GA), is involved in the regulation of tumor immune microenvironment and can be combined with other 
anti-tumor treatment strategies. Here, we used GA as an adjuvant to construct a nano-vaccine to improve 
the anti-tumor immune response of colorectal cancer (CRC). Materials and Methods: We used a 
previously reported two-step emulsification method to obtain poly (lactic-co-glycolic acid) /GA 
nanoparticles (PLGA/GA NPs), and then CT26 colon cancer cell membrane (CCM) was used to obtain 
CCM-PLGA/GA NPs. This novel nano-vaccine, CCM-PLGA/GA NPs, was co-synthesized with GA as an 
adjuvant and neoantigen provided by CT26 CCM. We further confirmed the stability, tumor targeting, and 
cytotoxicity of CCM-PLGA/GA NPs. The regulatory effect on the tumor immune microenvironment, the 
anti-tumor efficacy, and the combined anti-tumor efficacy with anti-PD-1 monoclonal Antibodies (mAbs) 
of this novel nano-vaccine was also detected in vivo. Results: We successfully constructed the CCM-
PLGA/GA NPs. In vitro and in vivo tests showed low biological toxicity, as well as the high tumor-targeting 
ability of the CCM-PLGA/GA NPs. Besides, we revealed a remarkable effect of CCM-PLGA/GA NPs to 
activate the maturation of dendritic cells (DCs) and the formation of a positive anti-tumor immune 
microenvironment. Conclusion: This novel nano-vaccine constructed with GA as the adjuvant and CCM 
providing the tumor antigen can not only directly kill tumors by enhancing the ability of GA to target 
tumors, but also indirectly kill tumors by regulating tumor immune microenvironment, providing a new 
strategy for immunotherapy of CRC.
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AB As the World Health Organization (WHO) declared, vaccines prevent an average of 2-3 million deaths 
yearly from diseases. However, effective prophylactic and therapeutic vaccines have yet to be developed 
for eradicating the deadliest diseases, viz., types of cancer, malaria, human immunodeficiency virus 
(HIV), and most serious microbial infections. Furthermore, scores of the existing vaccines have 
disadvantages, such as failure to completely stimulate the immune system, in vivo instability, high 
toxicity, need for the cold chain, and multiple administrations. Thus, good vaccine candidates need to be 
designed to elicit adaptive immune responses. In this line, the integration of sciences along with the use 
of various technologies has led to the emergence of a new field in vaccine production called biomimetic 
nanovaccines (BNVs). Given that, nanotechnology can significantly contribute to the design of such 
vaccines, providing them with enhanced specificity and potency. Nanoparticles (NPs) and biomimetic NPs 
(BNPs) are now exploited as the main carriers for drug delivery systems, especially BNPs, whose 
biological mimicry makes them escape the immune system and transport drugs to the desired target. The 
drug accordingly seeks to camouflage itself with the help of NPs and the membranes taken from cells in 
the human body, including red blood cells (RBCs), white blood cells (WBCs), platelets, and cancer cells, 
for more effective and ideal delivery. As BNPs have recently become the center of attention in vaccine 
design, this review deliberates on the advances in BNVs.
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AB In view of the severe downsides of conventional cancer therapies, the quest of developing alternative 
strategies still remains of critical importance. In this regard, antigen cross-presentation, usually employed 
by dendritic cells (DCs), has been recognized as a potential solution to overcome the present impasse in 
anti-cancer therapeutic strategies. It has been established that an elevated cytotoxic T lymphocyte (CTL) 
response against cancer cells can be achieved by targeting receptors expressed on DCs with specific 
ligands. Glycans are known to serve as ligands for C-type lectin receptors (CLRs) expressed on DCs, and 
are also known to act as a tumor-associated antigen (TAA), and, thus, can be harnessed as a potential 
immunotherapeutic target. In this scenario, integrating the knowledge of cross-presentation and glycan-
conjugated nanovaccines can help us to develop so called 'glyco-nanovaccines' (GNVs) for targeting DCs. 
Here, we briefly review and analyze the potential of GNVs as the next-generation anti-tumor 
immunotherapy. We have compared different antigen-presenting cells (APCs) for their ability to cross-
present antigens and described the potential nanocarriers for tumor antigen cross-presentation. Further, 
we discuss the role of glycans in targeting of DCs, the immune response due to pathogens, and imitative 
approaches, along with parameters, strategies, and challenges involved in cross-presentation-based GNVs 
for cancer immunotherapy. It is known that the effectiveness of GNVs in eradicating tumors by inducing 
strong CTL response in the tumor microenvironment (TME) has been largely hindered by tumor 
glycosylation and the expression of different lectin receptors (such as galectins) by cancer cells. Tumor 
glycan signatures can be sensed by a variety of lectins expressed on immune cells and mediate the 
immune suppression which, in turn, facilitates immune evasion. Therefore, a sound understanding of the 
glycan language of cancer cells, and glycan-lectin interaction between the cancer cells and immune cells, 
would help in strategically designing the next-generation GNVs for anti-tumor immunotherapy.
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AB Tumor vaccines, a type of personalized tumor immunotherapy, have developed rapidly in recent 
decades. These vaccines evoke tumor antigen-specific T cells to achieve immune recognition and killing of 
tumor cells. Because the immunogenicity of tumor antigens alone is insufficient, immune adjuvants and 
nanocarriers are often required to enhance anti-tumor immune responses. At present, vaccine carrier 
development often integrates nanocarriers and immune adjuvants. Among them, outer membrane 
vesicles (OMVs) are receiving increasing attention as a delivery platform for tumor vaccines. OMVs are 
natural nanovesicles derived from Gram-negative bacteria, which have adjuvant function because they 
contain pathogen associated molecular patterns. Importantly, OMVs can be functionally modified by 
genetic engineering of bacteria, thus laying a foundation for applications as a delivery platform for tumor 
nanovaccines. This review summarizes 5 aspects of recent progress in, and future development of, OMV-
based tumor nanovaccines: strain selection, heterogeneity, tumor antigen loading, immunogenicity and 
safety, and mass production of OMVs.
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AB Successful cell targeting depends on the controlled positioning of cell-type-specific antibodies on the 
nanocarrier's (NC) surface. Uncontrolled antibody immobilization results in unintended cell uptake due to 
Fc-mediated cell interaction. Consequently, precise immobilization of the Fc region towards the 
nanocarrier surface is needed with the Fab regions staying freely accessible for antigen binding. 
Moreover, the antibody needs to be a certain distance from the nanocarrier surface, influencing the 
targeting performance after formation of the biomolecular corona. This can be achieved by using PEG 
linker molecules. Here we demonstrate cell type-specific targeting for dendritic cells (DC) as cellular key 
regulators of immune responses. However, to date, dendritic cell targeting experiments using different 
linker lengths still need to be conducted. Consequently, we focused on the surface modification of 
nanocarriers with different molecular weight PEG linkers (0.65, 2, and 5 kDa), and their ability to reduce 
undesired cell uptake, while achieving efficient DC targeting via covalently immobilized antibodies (stealth 
targeting). Our findings demonstrate that the PEG linker length significantly affects active dendritic cell 
targeting from cell lines (DC2.4) to primary cells (BMDCs, splenocytic conventional DCs type 1 (cDC1)). 
While antibody-functionalized nanocarriers with a shorter PEG length (0.65 kDa) showed the best 
targeting in DC2.4, a longer PEG length (5 kDa) was required to specifically accumulate in BMDCs and 
splenocytic cDC1. Our study highlights that these crucial aspects must be considered when targeting 
dendritic cell subsets, which are of great importance in the fields of cancer immunotherapy and vaccine 
development.
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AB Poly(lactic-co-glycolic acid) (PLGA) nanoparticle-based drug delivery systems are known to offer a 
plethora of potential therapeutic benefits. However, challenges related to large-scale manufacturing, such 
as the difficulty of reproducing complex formulations and high manufacturing costs, hinder their clinical 
and commercial development. In this context, a reliable manufacturing technique suitable for the scale-up 
production of nanoformulations without altering efficacy and safety profiles is highly needed. In this 
paper, we develop an inline sonication process and adapt it to the industrial scale production of 
immunomodulating PLGA nanovaccines developed using a batch sonication method at the laboratory 
scale. The investigated formulations contain three distinct synthetic peptides derived from the 
carcinogenic antigen New York Esophageal Squamous Cell Carcinoma-1 (NY-ESO-1) together with an 
invariant natural killer T-cell (iNKT) activator, threitolceramide-6 (IMM60). Process parameters were 
optimized to obtain polymeric nanovaccine formulations with a mean diameter of 150 +/- 50 nm and a 
polydispersity index <0.2. Formulation characteristics, including encapsulation efficiencies, release profiles 
and in vitro functional and toxicological profiles, are assessed and statistically compared for each 
formulation. Overall, scale-up formulations obtained by inline sonication method could replicate the 
colloidal and functional properties of the nanovaccines developed using batch sonication at the laboratory 
scale. Both types of formulations induced specific T-cell and iNKT cell responses in vitro without any 
toxicity, highlighting the suitability of the inline sonication method for the continuous scale-up of 
nanomedicine formulations in terms of efficacy and safety.
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AB Personal neoantigen vaccines are considered to be effective methods for inducing, amplifying and 
diversifying antitumor T cell responses. We recently conducted a clinical study that combined neoantigen 
nanovaccine with anti-PD-1 antibody. Here, we reported a case with a clear beneficial outcome from this 
treatment. We established a process that includes comprehensive identification of individual mutations, 
computational prediction of new epitopes, and design and manufacture of unique nanovaccines for this 
patient. Nanovaccine started after a relapse in third-line treatment. We assessed the patient's clinical 
outcome and circulating immune response. In this advanced pancreatic cancer patient, the OS associated 
with the vaccine treatment was 10.5 months. A peptide-specific T-cell response against 9 of the 12 
vaccine peptides could be detected sequentially. Robust neoantigen-specific T cell responses were also 
detected by IFN-gamma ELISPOT and intracellular cytokine staining. In conclusion, sustained functional 
neoantigen-specific T cell therapy combined with immune checkpoint targeting may be well suited to help 
control progressive metastatic pancreatic cancer.
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AB In recent years, tumor immunotherapy has become a hot spot in the field of cancer treatment. Among 
them, nanovaccines combining tumor vaccines and nanotechnology provide new ideas for tumor 
immunotherapy. Nanovaccine can realize the co-loading of vaccine and adjuvant. The intelligent 
nanocarriers further realize the effective targeted delivery of antigen, promote the uptake and 
presentation of antigen, specifically activate antigen-specific immune response and effectively kill tumor 
cells. This article reviews the principles, advantages, types of nano materials, and clinical efficacy of 
nanovaccine to provide a more reliable reference for the design of nano-vaccine in the later stage.
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AB During the last 20+ years, research into the biomedical application of nanotechnology has helped in 
reshaping cancer treatment. The clinical use of several passively targeted nanosystems resulted in 
improved quality of care for patients. However, the therapeutic efficacy of these systems is not superior 
to the original drugs. Moreover, despite extensive investigations into actively targeted nanocarriers, 
numerous barriers still remain before their successful clinical translation, including sufficient blood-stream 
circulation time and efficient tumor targeting. The combination of synthetic nanomaterials with biological 
elements (e.g., cells, cell membranes, and macromolecules) is presently the cutting-edge research in 
cancer nanotechnology. The features provided by the biological moieties render the particles with 
prolonged bloodstream circulation time and homotopic targeting to the tumor site. Moreover, cancer cell 
membranes serve as sources of neoantigens, useful in the formulation of nanovaccines. In this chapter, 
we will discuss the advantages of biohybrid nanosystems in cancer chemotherapy, immunotherapy, and 
combined therapy, as well as highlight their preparation methods and clinical translatability.
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