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In situ precision synthesis of tumor microenvironmentally responsive anticancer
drug
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We proposed a system for the in situ synthesis of chemotherapy drugs by
converting nontoxic substances into antitumor chemotherapy drugs in a specific tumor
microenvironment. For that purpose, we fabricated copper-loaded mesoporous silica nanoparticles as
exogenous copper supply systems. Oral disulfiram administration in combination with intratumoral or
intravenous copper-loaded mesoporous silica administration caused an obvious anti-tumor effect in
vivo. In addition, the combination of intratumoral disulfiram-copper-loaded mesoporous silica
administration and intraperitoneal immune checkpoint inhibitor administration showed higher
antitumor effect than either drug alone, demonstrating a synergistic antitumor effect.
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Fig. 1 Physicochemical characterization of MS—Cu nanospheres with different particle

size. XRD patterns (a), N, adsorption—desorption isotherms (b), pore size
distributions (c), BET surface areas (d), and Cu/Si mol ratio (e) of MS—Cu-1, MS—Cu-
2, and MS—Cu—3 nanospheres.
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Fig. 2 TEM (a,c,e) and STEM-EDX (b, d, f) images of MS—CU nanospheres with different
particle size. MS—Cu-1 (a,b), MS-Cu-2 (c,d), MS—Cu-3 (e, f).
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Fig. 3 Cytotoxicity of only MS—Cu nanospheres (a,c), only DSF (a,c), and combination
of MS—Cu nanospheres and DSF (b, d)against MOC1 (a,b) and MOC2 (c,d) cells in vitro.
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MOC2 + Intravenous PEG-MS-Cu injection (d4, d7, d10)
injection « Oral DSF administration (daily on d3-d11)

¥ LR R AN A T O

—I—%—H—l—I—H—Hﬂ—%—V

do d3 d4 d5 d6 d7 d8 d9d10d11

__E:fj

o

—s=—no treatment
——DSF

—— PEG-MS-Cu
—+— DSF+PEG-MS-Cu

mm®)
NN
S o
S o
S o
e

o

- e
o o
S o
o O

Tumor weight (g)
5

Tumor volume (mm?®
(e
o
o

o

(=1

5 10 15 20 25 IS Dsr
After MOC2 challenge (d) " treap D5r PG o " PEG g o

Pharmaceutics 2023, 15, 1316L Y 5|8
Fig. 4 Combination of oral administration of DSF and intravenous administration of
PEG-MS—Cu nanospheres inhibited MOC2 cell growth in vivo. STEM-EDX images of PEG-MS-—
Cu nanospheres (a). In vivo antitumor efficacy of combined oral administration of DSF
and intravenous administration of PEG-MS—Cu nanospheres. Experimental protocol (b),
tumor volume (c), and tumor weight at the endpoint (d). HE and TUNEL staining of
tumor with no treatment (e), after only oral administration of DSF (f), only
intravenous administration of PEG-MS—Cu nanospheres (g), and combined oral

administration of DSF and intravenous administration of PEG-MS—Cu nanospheres (h)
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Fig. 5 Combination of oral administration of DSF and intravenous administration of
PEG-MS—Cu nanospheres showed no obvious toxicity to normal tissues in vivo.
Histological sections of heart, kidney, liver, lung, and spleen of mice without any
treatment (a), and with combined oral administration of DSF and intravenous
administration of PEG-MS—Cu nanospheres (b).



a MOC2 - Intratumoral MS-Cu injection (d4, d6)
injection + Oral DSF administration (daily on d3-d9)
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Fig. 6 In vivo antitumor efficacy of combined oral administration of DSF and
intratumoral administration of MS—Cu nanospheres. Experimental protocol (a), tumor
volume (b), and tumor weight at the endpoint (c)
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Fig. 7 TEM images (a), intracellular ROS generation (b) 1ntrace11u1ar oxygenation
(¢c) and intracellular relative GSH/GSSH content (d) in LLC cells incubated with MS-
Cu—a and MS-Cu-b nanospheres
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Fig. 8 The combination of DSF/MS—Cu and anti-CTLA-4 antibody further inhibited tumor
growth, showing the synergistic effect of DSF/MS—Cu and immune checkpoint inhibitors

Experimental protocol (a), body weight (b), tumor volume (c), and tumor weight (d)
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