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Nano-sized ceramic biomaterials are promising immunoadjuvants for cancer
immunotherapy owing to their stability, degradability and tunable structure. We have shown
in previous work that solo spherical hollow mesoporous silica particles induce anti-tumor
immunity in animal models. In this study, hollow zinc oxide nanoparticles and rod-like
hydroxyapatite were synthesized. The physicochemical properties, amount of cancer antigen
loaded on the ceramic biomaterials and in vitro immunogenic activity were evaluated. In
addition, the in vivo anti-tumor immunity and mechanism were analyzed using moue models.
The results showed that hollow zinc oxide nanoparticles increased T cell population in vivo,
thus can be used as adjuvant for cancer immunotherapy. In addition, the rod-shaped
hydroxyapatite exhibited a size-dependent anti-tumor immune activity in vivo.
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Fig.1 HZnO nanospheres increased cellular uptake of model antigen by BMDCs in vitro. Representative
confocal laser scanning microscopy images (from left to right, bright field, F-OVA, and cell
nucleus and merged images) , F-OVA (a), HZnO-F-OVA (b), and percentage of F-OVA positive
cells after 4 h of culture (c) . Reprinted with permission from ref. 4. Copyright 2017, John Wiley &

Sons, Inc.
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Fig.2 HZnO nanospheres stimulated immunogenic activity iz vitro. Experimental protocol (a) , GM-CSF
secretion by THP-1 differentiated macrophage-like cells iz vitro (b) . Reprinted with permission
from ref. 4. Copyright 2017, John Wiley & Sons, Inc.
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IL-2. IL-10 0Ok LT (Fig. 5) HZ2AXA VR —=F XY #id alum & T Thl
(IFN-y . IL-2) B X O Th2(IL-4. IL-10) %4 b A A4 ¥ D43k % RIFIZSE L7236,

3.2 BN ROFITNEA POERERDARE SN
RN Fax o 78% 4 M(HA) OH A4 X2l L. & & 100nm (HA1).200nm (HA2)

- 217 —



() HARBRE AR T 2B %4, 38 (2020)

a Id.m Id-3 l d0 | |d4.dll |d3() |d§
LLC  Surgical Vaccination with HZnO Strengthening LLC re- Cancer
challenge removal or alum + autologous  with HZnO challenge monitor.
of tumor  tumor fragments or alum FACS analysis

bf,c‘, <100 ——HZnO
£ 8 " —
a2l I >—Alum Alum  HZnO
< 8 ; Treatment ) >
> PR —; !
_§ 'EJGO-
3 840 Ooo0—000— ] M
© ean cancer—
22, —o-0~ Py 147 234
9 o 5 10 15 20 25 3 se ime
S % After LLC re-challenge (d)

Fig. 3 HZnO nanospheres showed increased anti-cancer immunity than alum iz vive. Experimental
procedure (a), percentage of mice without development of re-challenged cancer (b), and mean
cancer-free time after LLC re-challenge (c). Reprinted with permission from ref. 4. Copyright
2017, John Wiley & Sons, Inc.
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Fig. 4 Mice immunized with HZnO nanospheres exhibited higher percentage of CD4* and CD 8* T cells
in splenocytes (a-b) , and lower TNF-0, IFN- y , IL-2 and IL- 10 secretion in spleen of mice (c) than
those immunized with Alum at the endpoint. Reprinted with permission from ref. 4. Copyright
2017, John Wiley & Sons, Inc.
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Short HA rods increase the cellular uptake of F-OVA-loaded HA rods by BMDCs and BMDCs
maturation. (a) Representative confocal laser scanning microscope images of free F-OVA and
F-OVA-loaded HA rods after 4 h of culture. (¢c) Quantitative results of F-OVA positive BMDCs
populations (Left) and fluorescence intensity (Right). (d) Albumin adsorption by HA rods.
Reprinted with permission from ref. 5. Copyright (2019) American Chemical Society.
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Fig. 6 Long HA rods prolong Alex Fluor 647-OVA release and increase CD11b*, CD86* and CD11c¢*
cells around injection site iz vivo. (a) Experimental procedure (Left) and radiant efficiency
around injection site (Right). (b) IVIS images of mice 1-7d after injection. (c) Population of
CD11b*, CD86* and CD 11c* cells around injection site in vivo. Reprinted with permission from
ref. 5. Copyright (2019) American Chemical Society.
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Fig.7 HA rods with length of 500 nm exhibit best anti-cancer immunity in mice. (a) Experimental
procedure, (b) percentage of tumor-free mice. Reprinted with permission from ref. 5. Copyright
(2019) American Chemical Society.
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