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CD44-Specific A6 Short Peptide Boosts Targetability
and Anticancer Efficacy of Polymersomal Epirubicin
to Orthotopic Human Multiple Myeloma

Wenxing Gu, Jingnan An, Hao Meng, Na Yu, Yinan Zhong, Fenghua Meng,* Yang Xu,*
Jeroen J. L. M. Cornelissen, and Zhiyuan Zhong*

Chemotherapy based on toxic compounds

Chemotherapy is widely used in the clinic though its benefits are contro- that primarily inhibit the fast prolifera-
versial owing to low cancer specificity. Nanovehicles capable of selectively tion of the cancer cells is widely used in
transporting drugs to cancer cells have been energetically pursued to the clinics though its benefits are contro-

versial owing to a low cancer-specificity
and concomitant treatment-related toxic
effects.l). Nanovehicles capable of selec-
tively transporting drugs to cancer cells

remodel cancer treatment. However, no active targeting nanomedicines have
succeeded in clinical translation to date, partly due to either modest target-
ability or complex fabrication. CD44-specific A6 short peptide (KPSSPPEE)

functionalized polymersomal epirubicin (A6-PS-EPI), which boosts target- have been energetically pursued to pro-
ability and anticancer efficacy toward human multiple myeloma (MM) in vide effective solutions for this dilemma.?’
vivo, is described. A6-PS-EPI encapsulating 11 wt% EPI is small (=55 nm), Specific (or active) targeting relies on

functionalizing the surface of nanovehi-
cles with ligands that are complementary
to the target sites.’) However, in spite of

robust, reduction-responsive, and easy to fabricate. Of note, A6 decoration
markedly augments the uptake and anticancer activity of PS-EPI in CD44-

overexpressing LP-1 MM cells. A6-PS-EPI displays remarkable targeting promise and progress, no actively tar-
ability to orthotopic LP-1 MM, causing depleted bone damage and striking geted nanomedicines have succeeded in
survival benefits compared to nontargeted PS-EPI. Overall, A6-PS-EPI, as a clinical translation to date, partly due to

modest targetability or complex fabrica-
tion.l¥l The balance of simplicity and func-
tionality is a key to the success of targeted
nanomedicines.?¥

Multiple myeloma (MM) is the second
most frequent hematologic malignancy
that is characterized by clonal proliferation of malignant plasma
cells in the bone marrow microenvironment.®! Despite increas-
ingly new methods and agents have been validated,) including

simple and intelligent nanotherapeutic, demonstrates high potential for
clinical translation.

W. X. Gu, H. Meng, N. Yu, Dr. Y. N. Zhong, Prof. F. H. Meng,
Prof. Z. Y. Zhong
Biomedical Polymers Laboratory

College of Chemistry immunomodulatory drugs,”! proteasome inhibitors,’® mono-
Chemical Engineering and Materials Science clonal antibodies,”® and CAR-T cell therapy,'” MM remains
State Key Laboratory of Radiation Medicine and Protection incurable for a majority of patients. Liposomal nanomedicines
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Suzhou 215123, P. R. China such as Doxil and Oncocort IV are also used for the treatment
E-mail: fmeng@suda.edu.cn; zyzhong@suda.edu.cn of MM patients,['!l though their therapeutic benefits are limited
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Department of Biomolecular Nanotechnology of MM, targeted formulations are desired.!? Interestingly,
MESA+ Institute for Nanotechnology hematologic cancers including MM are found overexpressing
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adhesion molecule CD44.% Various CD44 targeting ligands
including hyaluronic acid, aptamer, and anti-CD44 antibody!!
have shown to enhance anti-MM efficacy in vitro and in

The First Affiliated Hospital of Soochow University vivo.%#13 However, these ligands are big, which complicates
Institute of Blood and Marrow Transplantation of Soochow University fabrication of nanomedicines.

Collaborative Innovation Center of Hematology Here, we report for the first time that CD44-specific A6 short

gﬁgﬁgﬁg%ql;;rspl.ty'{ China peptide (KPSSPPEE) functionalized polymersomal epirubicin

Esmaifs yangxu@wda_edu_m (A6-PS-EPI) boosts targetability and anticancer efficacy toward

The ORCID identification number(s) for the author(s) of this article human MM in vivo (Scheme 1). A6 is a urokinase-derived pep-

can be found under https://doi.org/10.1002/adma.201904742. tide that shows a strong binding to CD44 and thereby effec-

tive metastasis inhibition of CD44-overexpressing tumors. [l

DOI: 10.1002/adma.201904742 Notably, phase I and II human clinical trials displayed that
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SUMMARY

Recent investigations revealed that macrophages
could be trained with an altered responsiveness,
raising the possibility of combating autoimmune dis-
eases by imparting anti-inflammatory capabilities to
these cells. While investigating the effect of mesen-
chymal stem cells on experimental autoimmune
encephalomyelitis (EAE), we found a critical role of
insulin-like growth factor 2 (IGF-2) in training macro-
phages to become anti-inflammatory during their
maturation. IGF-2 exerts its effects by preprogram-
ming maturing macrophages to commit oxidative
phosphorylation (OXPHOS). IGF-2-preprogrammed
macrophages maintained the mitochondrial complex
V activities even upon pro-inflammation stimulation,
thus enabling an elevated programmed death-ligand
1 (PD-L1) expression. PD-L1 neutralization abolished
the beneficial effect of IGF-2 on EAE. Furthermore,
adoptive transfer of IGF-2-preprogrammed macro-
phages to EAE mice increased Tregs and alleviated
the diseases. Our results demonstrate that shaping
macrophage responsiveness by IGF-2 is effective in
managing inflammatory diseases, and the OXPHOS
commitment can be preset to determine the anti-in-
flammatory fate of macrophages.

INTRODUCTION

Macrophages are present in virtually all tissues and play key
roles during innate as well as adaptive immune responses
(Wynn et al., 2013; Wynn and Vannella, 2016). They can originate
from circulating monocytes derived from myeloid progenitor
cells (Shi and Pamer, 2011; Varol et al., 2015). In response to
different environmental cues, macrophages exert either pro-
inflammatory or anti-inflammatory functions (Mosser and Ed-
wards, 2008; Murray and Wynn, 2011). Recent advances in
immunometabolism have revealed that pro-inflammatory mac-

rophages and anti-inflammatory macrophages opt for distinct
metabolic pathways upon activation to meet their demands for
energy and the production of specific functional-cell-associated
factors (O’Neill and Pearce, 2016; Pearce and Pearce, 2013; Van
den Bossche et al., 2017). For instance, the traditionally defined
M1 macrophages carry out glycolysis, which causes succinate
accumulation (Mills et al., 2016; Tannahill et al., 2013). The in-
crease in succinate supports interleukin-1 (IL-1f) production
through stabilizing hypoxia-inducible factor-1e (HIF-1e) (Mills
et al., 2016; Tannahill et al., 2013). On the other hand, M2
macrophages possess a high basal mitochondrial oxygen con-
sumption rate (OCR), and M2 activation can be blocked by the
inhibition of oxidative phosphorylation (OXPHOS) (Huang et al.,
2014, 2016). The importance of cellular metabolism in regulating
macrophages’ functions was further illustrated by the recogni-
tion of “trained immunity” (Netea et al., 2016). Macrophages
that interact with bacterial components such as B-glucan are
metabolically programmed for glycolysis and would possess
an enhanced pro-inflammatory responsiveness to secondary
stimulation (Cheng et al., 2014). Such characteristics of macro-
phages are regarded as defensive mechanisms against foreign
pathogens (Quintin et al., 2014). However, it is not known
whether macrophages could be trained to commit persistent
OXPHOS and acquire anti-inflammatory functional fate.
Mesenchymal stem and/or stromal cells (MSCs), owing to their
ability to modulate immune responses, have been widely em-
ployed to treat various inflammatory diseases in animal models
and in humans (Shi et al., 2017, 2018; Uccelli et al., 2008). A se-
ries of studies have demonstrated that the curative effects of
MSCs on inflammatory diseases are related to their production
of inducible nitric oxide synthase (iNOS), indoleamine 2,3-dioxy-
genase, tumor necrosis factor-inducible gene 6 (TSG-6), or pros-
taglandin E2 (PGE-2), whose expressions in MSCs are now
known to be elicited by inflammatory cytokines, especially inter-
feron gamma (IFN-v) (Galleu et al., 2017; Lee et al., 2009; Ném-
ethetal., 2009; Ren et al., 2008, 2009). Interestingly, it has been
reported that human MSCs could effectively ameliorate autoim-
mune diseases in mice (Galleu et al., 2017; Robles et al., 2015;
Yanez et al., 2006). It is worth noting that mouse IFN-y does
not bind to human receptors, and human cells do not persist in
the mouse body (Hemmi et al., 1992; Su et al., 2014). Therefore,
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FOXO3, a Molecular Search for the Fountain of Youth
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FOXO03 has been consistently associated with longevity and with a reduction in the prevalence of cardiovas-
cular disease. In this issue, Yan et al. (2019) report that FOXO3-activated vascular cells derived from human
embryonic stem cells (ESCs) promote multiple vascular functions and reverse cellular aging through the
transcriptional repression of CSRP1.

The forkhead box O3 (FOXO3) protein
belongs to a family of evolutionarily
conserved transcription factors charac-
terized by a distinct fork-head DNA-bind-
ing domain (Weigel and Jackle, 1990).
In addition to FOXO3, the FoxO subclass
includes FOXO1, FOXO4, and FOXOB6.
Initially implicated in regulating insulin
signaling, FoxOs are recognized as
master regulators that translate environ-
mental stimuli into adaptive responses.
In the presence of stress stimuli or in
the absence of growth factors, FOXO3
translocates to the nucleus and induces
upregulation of target genes related
to protein turnover, glucose metabolism,
inflammatory and immunological re-
sponses, oxidative stress, cell-cycle
regulation, tumor suppression, cell sur-
vival, and cell death (Morris et al,
2015). In response to growth factors,
including insulin, insulin-like growth fac-
tor, epidermal growth factor, and erythro-
poietin, FOXO83 is phosphorylated down-
stream of PI3K by the protein kinase Akt;
this phosphorylation constitutes a signal
to export FOXO3 from the nucleus
to the cytoplasm and thereby turns off
transcription of target genes and leads
to the degradation of FOXO3 via the
ubiquitin-proteasome pathway (Greer
and Brunet, 2005; Arden, 2006). The tran-
scriptional activity of FOXO3 can be regu-
lated by post-translational modifications
that include phosphorylation, acetylation,
ubiquitination, and methylation (Stefanetti
et al., 2018). Genetic polymorphisms (sin-
gle nucleotide polymorphisms [SNPs])
in FOXO3 have been associated with
longevity (Willcox et al., 2008). However,
the molecular mechanisms related to
a protective role for such SNPs in contrib-
uting to longevity still remain unclear.

L)

A correlation has been found between
longevity-associated variants and a
reduced incidence of aging-related car-
diovascular disease (Willcox et al,
2008), although the role of FOXO3 in
healthy aging remains to be further
elucidated.

In this issue of Cell Stem Cell, Yan and
colleagues (Yan et al., 2019) took a
different approach that allowed them to
study the effects of activated FOXO3
on reversing cellular aging through
physiological processes, such as cell-cy-
cle arrest, resistance to oxidative-stress-
induced apoptosis, cell proliferation,
vascular degeneration, and tumor sup-
pression. Aiming to enhance the function-
ality of vascular cell populations, they
generated a constitutively active form of
FOXO3 by alanine substitution of two
classical FOXO3 phosphorylation sites.
In human mesenchymal stromal cells
(MSCs), this resulted in the relocation
of FOXOS3 to the nucleus and constitutive
activation of the cells, which are referred
to as FOXO03%°428A_ Using adenoviral
vector-mediated gene editing, they
created homozygous FOXO325V25A hy-
man embryonic stem cells (ESCs) that
could be successfully differentiated into
vascular endothelial cells (VECs), vascular
smooth muscle cells (VSMCs), and
MSCs. In these cell types, the activation
of FOXO3 resulted in similar protective
changes, including a slightly higher
proliferation rate, upregulation of FOXO3
target genes, and increased resistance
to oxidative-stress-induced apoptosis,
in cellular-aging-associated functions.
The in vivo biological relevance of these
observations was studied in an estab-
lished mouse ischemic-injury model. It
was found that administration of either

FOX03?5~25A hMSC or a mixture of
FOXO32S~2SA hVEC and hVSMC resulted
in more rapid recovery of blood flow and
less limb necrosis than in control mice
treated with wild-type cells. These data
not only indicate enhanced therapeutic
activity of FOXO3-activated, ESC-derived
vascular cells but also confirm that
FOXO3 activation reverses cellular senes-
cence (Greer and Brunet, 2005). Although
not examined, the FOXO3-altered secre-
tome could also be a major factor in an
autocrine or endocrine fashion. Further
confirmation was obtained from samples
of patients with Werner syndrome (WS),
a rare autosomal-recessive disorder
caused by mutations in the WRN gene
and characterized by premature aging
and cancer predisposition. Reduced
expression of biomarkers for senescence
(P16, P21, and LaminB1) was found
in FOXO3-enhanced, WS-derived bone
marrow MSCs. This anti-senescence ef-
fect of FOXO3 was found to be exerted
through the downregulation of cysteine-
and glycine-rich protein 1 (CSRP1), which
is linked to the recruitment of the deacety-
lase SIRT-1 for creating a repressive chro-
matin environment. These data suggest a
role for FOXO3 in accelerated aging in
these patients, but they also indicate
that FOXO3 activation might serve as a
molecular connection at the interface of
aging and cancer. FoxO transcription fac-
tors were identified through the cloning of
chromosomal translocation breakpoints
associated with cancer (Arden, 2006).
In addition, spontaneous occurrence
of lineage-restricted tumors is primarily
observed in FOXO1-, FOXO3-, FOXO4-
triple-knockout mice (Dansen & Bur-
gering 2008). FOX03?S~25A hMSCs ex-
hibited upregulation of a range of tumor
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Distinctive Two-Step Intercalation of Sr** into
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Uptake Capabilities
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HIGHLIGHTS

SZ-4 can remove “°Sr?* with
record-high efficiencies in acidic
solution and seawater

Sr?* can be immobilized in the
structure of SZ-4 as a new °Sr
waste form model

The intercalation mechanism is
visualized by crystal structures
during uptake process

Sr** coordination by interlayer
dimethylamine contributes to the
uptake selectivity

Here, Zhang et al. report an atypical oxidic ion-exchange material SZ-4 that can
remove “°Sr** with record-high removal efficiencies in both acidic solution and
seawater, where a distinctive two-step intercalation mechanism is directly
visualized by single-crystal structures during in situ Sr** sorption process,
revealing a new type of Sr?* uptake selectivity achieved through collaborative
coordination by the oxidic layer and the dimethylamine interlayer as a soft N-donor

ligand.

CLEAN WATER
AND SANITATION
Zhang et al., Chem 5, 977-994

April 11, 2019 © 2019 Elsevier Inc.
https://doi.org/10.1016/j.chempr.2019.02.011
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[LngOg] Cluster-Encapsulating Polyplumbites as New
Polyoxometalate Members and Record Inorganic
Anion-Exchange Materials for ReO,~ Sequestration

Jian Lin, Lin Zhu, Zenghui Yue, Chuang Yang, Wei Liu, Thomas E. Albrecht-Schmitt,

Jian-Qiang Wang,* and Shuao Wang*

Various types of polyoxometalates (POMs) have been synthesized since the
19th century, but their assortment has been mostly limited to Groups 5 and 6
metals. Herein, a new family of POMs composed of a carbon group element as
the addenda atoms with two distinct phases, LnPbOCIO,-1 (Ln = Sm to Ho, Y)
and LnPbOCIO,-2 (Ln = Er and Tm) is reported. Both structures are built from
[LngOg] rare-earth metal hexamers being incorporated in [Pby303;]/[Pb12024]
polyplumbites, and unbound perchlorates as charge-balancing anions. Impres-
sively, YPbOCIO,-1 and ErPbOCIO,-2 exhibit exceptional uptake capacities
(434.7 and 427.7 mg g™') toward ReO,", a chemical surrogate for the key radio-
active fission product in the nuclear fuel cycle **TcO,~, which are the highest
values among all inorganic anion-exchange materials reported until now. The
sorption mechanism is clearly elucidated and visualized by single-crystal-to-
single-crystal structural transformation from ErPbOCIO,-2 to a perrhenate-
containing complex ErPbOReO,, revealing a unique ReO,~ uptake selectivity

The chemistry of polyoxometalate (POM)
has been extensively studied for dec-
ades, owning to their aesthetic struc-
tural diversity and broad functionality
in areas of catalysis, photolytic reduc-
tion, medicine, etc.l) Numerous iso-POM
nanoaggregates have been reported but
their building units are mostly limited
to oxoanions based on the Groups 5
and 6 transition metals (Mo, W, V, Nb,
and Ta).l!l Those metals in their highest
oxidation states are typically four- to
seven-coordinate and the metal cores are
normally off-centered due to the pres-
ence of short bonds between transition
metals and yl O atoms. An emerging
derivative of POMs is uranyl peroxide

driven by specific interaction within Pb-..O-ReO;~ bonds.
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clusters, which are built from UO,*

cations with two trans yl oxo groups, and

more than 120 uranyl peroxide clusters
featuring over 50 geometries have been reported.l’! The tun-
able dimensions of POMs with a myriad of high number of
metal centers per anion (up to 368) result in the encapsula-
tion of heavy metal cations in the nanocages, which could not
only retain the individual properties of POMs but also give
rise to novel functions attributed from the encapsulated metal
centers.¥l Despite the abundance of POMs, polymolybdates
and polytungstates are the dominant derivatives.l’! Extending
the species of POMs to other groups of elements and devel-
oping of new synthetic protocols for new family of POMs are
of necessity.

Plumbite appears to be a logical candidate anion for hier-
archical arrangement of moieties from monomeric anion to
POMs for two reasons. First, Pb in plumbite is naturally off-
centered owning to the presence of stereochemically active lone-
pair electrons on the metal centers.! As a result, the Pb—O-Pb
bridges introduce a corrugated geometry when plumbites are
propetly aligned, providing the curvature suitable for the for-
mation of polyanionic cage clusters. Second, hyperpolarizable
oxyanions such as borate, tellurite, and plumbite, can inter-
connect to form numerous arrays of polyanionic structures,
thereby making plumbite potential fundamental building block
for synthesizing new POMs.]

Guided by the aforementioned strategy, we have succeeded
in synthesizing a new family of POMs built from oxoanions
of the carbon group element Pb with two distinct topologies,
[Lng(OH)g(H30Pb1g03)] (ClO4)15+ (H0) (LnPbOCIO,-1, Ln =Y,

© 2019 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Textile-Based Wireless Pressure Sensor Array

for Human-Interactive Sensing

Baoging Nie, Rong Huang, Ting Yao, Yiqiu Zhang, Yihui Miao, Changrong Liu,

Jian Liu,* and Xinjian Chen*

A textile-based wireless pressure sensor array (WiPSA) is proposed for flexible
remote tactile sensing applications. The WiPSA device is composed of a fabric
spacer sandwiched by two separate layers of passive antennas and ferrite

film units. Under the external pressure, the mechanical compression of the
flexible fabric spacer leads to an inductance change, which can further be
transduced to a detectable shift of the resonant frequency. Importantly, WiPSA
integrates the ferrite film featuring an ultrahigh permeability, which effectively
improves the device sensitivity and avoids the interference of conductive
materials simultaneously. The device performance with a high quality

factor (>35) and sensitivity (~0.19 MHz kPa™") within a pressure range of
0-20 kPa is demonstrated. In addition, WiPSA achieves excellent reproducibility
under periodical pressures (>20 000 cycles), temperature fluctuations

(15-103 °C), and humidity variations (40-99%). As a proof of concept for
human-interactive sensing, WiPSA is successfully 1) integrated with a flexible

cannot be achieved by the traditional elec-
tronic device fabrication.!! Textile-based
pressure sensors have been proposed for
a variety of applications, including wear-
able health monitoring, intelligent home
care, medical diagnostics, and human
motion detections.l? Different sensing
mechanisms based on capacitive, resis-
tive, or piezoelectric measurements have
been introduced for the development
of pressure sensors in E-textile.®] For
instance, Li et al. developed a capacitive
textile pressure sensor by assembly of a
compliant ion-conductive polymer sand-
wiched between two layers of conductive
fabrics to monitor pressure distributions
at soft interfaces.*d Lee’s group reported a

wrist band for fingertip pressure-guided direction choices, 2) developed into a
smart wireless insole to map the plantar stress distributions, and 3) embedded
into a waist-supporting belt to resolve the contact pressure between the belt

and human abdomen in a remote transmitting scheme.

1. Introduction

The development of electronic textiles (E-textile) is an active
research area in biomedicine and robotics, which allows
design of devices with a great physical flexibility, outstanding
wearability, and easy integration to various fabric substrates that
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capacitive fabric pressure sensor sewn in
a glove to control quadrotor movements
by detecting finger motions.*l However,
there remain several critical issues to be
addressed in this research field, including
complexity of wiring, poor resilience, and
signal fluctuations induced by the environ-
mental changes, which limit the practical applications of smart
E-textile devices.

Wearable electronics that exploit the technologies of wireless
transmissions, such as radio frequency identification or near
field communication, offers a concise platform to detect health-
care signals, including body temperature, electrophysiology,
pressure, and sweat.*l Many wireless sensors are relied on pas-
sive components, such as an inductor (L) and a capacitor (C) to
transfer information in electromagnetic fields in response to
external physical changes.”! This design is featured with several
intrinsic advantages, such as simplified electrical connection, no
requirement for power source, long lifetime, and ease for min-
iaturization. Recently, a transparent soft contact lens sensor has
been developed for wirelessly recording intraocular pressure. The
device is built on a flexible dielectric layer sandwiched between
two inductive spiral electrodes, allowing for the measurements
of the intraocular pressure changes by the coupling of the capaci-
tance and inductance !l Bao's group has reported a millimeter-
scaled passive pressure sensor by stacking a deformable dielectric
film between two inductive spiral layers, with a demonstration of
in vivo intracranial pressure monitoring in mice.”l The develop-
ment of flexible wireless sensing technologies is on the urgent
demand of biomedical applications, where remote detection,
implantability, and robust performance are critically important.

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Boosting H,0,-Guided Chemodynamic Therapy
of Cancer by Enhancing Reaction Kinetics through
Versatile Biomimetic Fenton Nanocatalysts

and the Second Near-Infrared Light Irradiation

Tingting Wang, Hao Zhang, Hanghang Liu, Qiang Yuan, Feng Ren, Yaobao Han,

Qiao Sun, Zhen Li,* and Mingyuan Gao

Fenton reaction-based chemodynamic therapy (CDT) has attracted
considerable attention for tumor treatment, because the Fenton reaction can
degrade endogenous H,0, within the tumor to form reactive oxygen species
(ROS) to kill cancer cells. The kinetics of the Fenton reaction has significantly
influenced its treatment efficacy. It is crucial to enhance the reaction kinetics
at the maximum H,0, concentration to quickly produce vast amounts of ROS
to achieve treatment efficacy, which to date, has not been realized. Herein,
reported is an efficacious CDT treatment of breast cancer using biomimetic
CS-GOD@CM nanocatalysts, which are rationally designed to significantly
boost the Fenton reaction through improvement of H,0, concentration within
tumors, and application of the second near-infrared (NIR-11) light irradiation at
the maximum concentration, which is monitored by photoacoustic imaging.
The biomimetic nanocatalysts are composed of ultra-small Cu,_Se (CS)
nanoparticles, glucose oxidase (GOD), and tumor cell membrane (CM). The
nanocatalysts can be retained in tumor for more than two days to oxidize
glucose and produce an approximately 2.6-fold increase in H,0, to enhance
the Fenton reaction under the NIR-II irradiation. This work demonstrates for

interest in recent years, because it uses
endogenous chemicals (e.g., H,0,) over-
produced in cancer cells to generate
reactive oxygen species (ROS) to kill
cancer cells.*l The overproduced H,0,
in cancer cells is efficiently degraded
under the catalysis of versatile metal ions
(e.g., Fe?*, Mn?, Cu*, Pt¥*, Co?*, and V*)
to produce hydroxyl (‘OH) radicals for
treatment."¥l Thereby, the generation
of "OH radicals plays a significant role
and determines the efficacy of CDT treat-
ment.”l Although advances in nanotech-
nology offer a promising way to facilitate
cancer therapy through Fenton reaction, 1%
there are some challenges that remain to
be solved for improving the efficacy of
treatment. One of them is the reaction
kinetics of Fenton reaction, and how to
maximally speed up the Fenton reaction

the first time the CDT treatment of cancer enhanced by the NIR-Il light.

1. Introduction

Fenton reaction-based chemodynamic therapy (CDT) as an
emerging nanocatalytic treatment has attracted increasing
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in a controllable way has been a challenge
for enhancing the efficacy of therapy.

The reaction kinetics of Fenton reaction
strongly depends on the performance of
catalysts and reaction parameters. For example, Fe?* ions and
their based materials could be an excellent Fenton catalyst in a
low pH range from 2.0 to 4.5, but the high pH in cancer (pH
= 6.5-6.9) significantly degrades the performance of Fe?* ions
in the Fenton reaction for cancer therapy.'*l To enhance their
performance, the UV light was used to reduce Fe*' ions into
Fe?" ions for recycling of Fenton reaction.''""] Since the UV
light has limited penetration depth, up-conversion nanopar-
ticles have been used to convert near-infrared (NIR) light into
UV light for photo-Fenton reaction to improve its therapeutic
efficacy.l'l However, the conversion efficiency could drastically
influence the kinetics of Fenton reaction. Another option is the
deposition of Fenton catalysts on the surface of nanomaterials
with NIR absorbance to enhance Fenton reaction. For example,
He et al. deposited iron hydroxide/oxide particles on the surface
of graphene oxide sheets to boost the generation of ROS under
the NIR irradiation.'”] For these hybrid Fenton catalysts, their
performance is strongly dependent on the electron and energy
transfer between their interface under the NIR irradiation.
Therefore, great efforts have been devoted to rationally design

© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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3D Superelastic Scaffolds Constructed from Flexible
Inorganic Nanofibers with Self-Fitting Capability
and Tailorable Gradient for Bone Regeneration

Lihuan Wang, Yuyou Qiu, Haijun Lv, Yang Si, Lifang Liu, Qi Zhang, Jianping Cao,

Jianyong Yu, Xiaoran Li,* and Bin Ding*

1. Introduction

Repair of bone defects with irregular shapes or at soft tissue insertion

sites faces a huge challenge. Scaffolds capable of adapting to bone cavities,
generating stiffness gradients, and inducing osteogenesis are necessary.
Herein, a superelastic 3D ceramic fibrous scaffold is developed by
assembly of intrinsically rigid, structurally flexible electrospun SiO,
nanofibers with chitosan as bonding sites (SiO, NF-CS) via a lyophilization
technique. SiO, NF-CS scaffolds exhibit excellent elasticity (full recovery
from 80% compression), fast recovery rate (>500 mm min~'), and good
fatigue resistance (>10 000 cycles of compression) in an aqueous medium.
SiO; NF-CS scaffolds induce human mesenchymal stem cell (hMSC)
elongation and differentiation into osteoblasts. In vivo self-fitting capability
is demonstrated by implanting compressed SiO, NF-CS scaffolds into
different shaped mandibular defects in rabbits, with a spontaneous recovery
and full filling of defects. Rat calvarial defect repair validates enhanced bone
formation and vascularization by cell (hMSC) histomorphology analysis.
Further, subchondral bone scaffolds with gradations in SiO, nanofibers

are developed, leading to a stiffness gradient and spatially chondrogenic
and osteogenic differentiation of hMSCs. This work presents a type of

3D ceramic fibrous scaffold, which can closely match bone defects with
irregular shapes or at different implant sites, and is promising for clinical

translation.
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Treatment of complex bone defects with
irregular shapes or at interfacial zone
with soft tissues, such as cartilage-to-bone,
tendon-to-bone and ligament-to-bone inser-
tion sites remains a clinical challenge.l*?!
Autograft remains gold standard for bone
repair, however it has been severely lim-
ited in clinical practice due to restricted
availability, significant donor site mor-
bidity and poor capability for machining
to accommodate irregular defects.ll There
is increasing evidence that poor contact
with the host bone tissue results in bone
resorption and bad osseointegration.
Alternatively, bone substitutes, such as
ceramics and cement have been univer-
sally used in clinical practice. However,
rigid ceramics have a similar drawback of
poor machinability. The development of
injectable cements allows minimally inva-
sive surgery and perfect match with the
surrounding bone tissues. Nevertheless,
the cements are normally nonporous or
of minimally porous, which hinders cell
in-growth, vascularization and bone regen-
eration.’l In addition, these systems are
not suitable for repair of bone defect at interfacial transition
zone with soft tissue where possesses gradations in mineral
content, stiffness, and cellular phenotype.’l As an example,
subchondral bone defect commonly involves both bone and
articular cartilage lesions, thus simultaneous bilineage regen-
eration spatially is required within a single scaffold.”! Moreover,
subchondral bones undergo cyclic mechanical compression.l
Hence, in addition to gradients in chemical, mechanical, and
biological properties, subchondral bone scaffolds are required to
provide elasticity to withstand cyclic compression.
Shape-memory and shape-recovery materials have been
emerging candidates for groundbreaking applications in regen-
erative medicine, such as tissue engineering ! sutures,'% and
vascular stents.'!] The shape-recovery property guarantees scaf-
fold implantation in a compressed state via minimally invasive
surgery, and self-fitting to bone defect sites. Shape-memory scaf-
folds such as poly(e-caprolactone)- or poly(t-lactide)-based scaf-
folds for bone tissue engineering have been demonstrated the
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Enhancing proliferation and migration of fibroblast cells by electric
stimulation based on triboelectric nanogenerator
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ARTICLE INFO ABSTRACT

Cell stimulation by electric signal is an important approach for the advancement of biomedicine. Triboelectric
nanogenerators (TENG), capable of converting mechanical energies to electricity, provides an alternative
strategy to stimulate cells in a desired fashion. In this work, a TENG driven electric stimulation system has been
designed for biosafety evaluation and exploration of the fibroblast cell behaviors. A rotatory disc-shaped TENG
(RD-TENG) was fabricated to obtain an adjustable range of alternating current outputs. The peak current gen-
erated in a range of 10-50 pA is suitable for promoting cellular proliferation behavior of 1929 cells. At the
optimum value of 50 pA, the promotion rate reached 53.8 + 2.66% after two-day of intermittent stimulation.
Also, the migration rate was increased by about 67% than that of the cells in the control group. In addition,
under stimulation, the proliferation-related gene of 1929 cells - proliferating cell nuclear antigen (Pcna) and the
two migration-related genes - fibroblast growth factor 2 (Fgf2) and delta like non-canonical notch ligand 1
(DIk1) were also found up-regulated, suggesting that TENG stimulation regulates cell proliferation and migration
at the level of gene expression. The present study demonstrates the effectiveness of TENG and its safe operation
conditions in biomedical stimulation, which paves a way for practical application of TENG on tissue formation,
reepithelialization and tissue remodeling.

Keywords:

Triboelectric nanogenerator
Electric stimulation
Fibroblast cells
Proliferation

Migration

Biosafety evaluation

1. Introduction

Bioelectricity phenomenon is the basic attribute of life activity. The
generation of bioelectric signals appears in all the living activities of
organism. For example, the potential difference could be observed in
the development of neural tube, in the epithelial wound site and on the
surface of tumor cells [1,2]. Thus formed endogenous bioelectric field
not only plays an important role in biological morphogenesis and
growth, but also participates in the vital pathological process of the
body such as wound healing, tissue regeneration and so on [3-5]. Asa
result, the study of electric stimulation, especially for stimulating cells,
has great significance to the advance of biomedicine.

As compared to the method of chemical stimulation and mechanical

* Corresponding authors.

cue, electric stimulation shows technical superiorities in many aspects,
such as mild stimulating condition to induce less damage, easier to
implement and precise for parameter control [6-8]. Furthermore,
electric stimulation when combined with other therapeutic methods
could also open numerous feasibilities to exhibit grand performance
improvement. Besides, it is worthy of mentioning that the immune re-
sponse of the organism won’t be stimulated in whole process. However,
the electric stimulation signal output devices utilized in the current
clinical medicine practice or in experimental research are all commer-
cial electrical stimulators, which are generally expensive and requires
professional operation and maintenance. Apparently, in the con-
temporary trend for developing and implementing personalized med-
ical care and service, an electrical stimulator output device with the
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ABSTRACT: Semiconductive metal—organic frame-
works (MOFs) have attracted extraordinary research
interest in recent years; however, electronic applications
based on these emerging materials are still in their infancy.
Herein, we show that a lanthanide-based semiconductive
MOF (SCU-12) can effectively convert X-ray photons to
electrical current signals under continuous hard X-ray
radiation. The semiconductive MOF-based polycrystalline
detection device presents a promising X-ray sensitivity
with the value of 23.8 4C Gy,,~! cm™ under 80 kV, X-ray
exposure, competitive with the commercially available
amorphous selenium (a-Se) detector. The lowest
detectable X-ray dose rate is 0.705 yGy s~/ representing
the record value among all X-ray detectors fabricated
by polycrystalline materials. This work discloses the first
demonstration of hard radiation detection by semi-
conductive MOFs, providing a horizon that can guide
the synthesis of a new generation of radiation detection
materials by taking the advantages of structural desig-
nability and property tunability in the MOF system.

etection of X-ray photons is critical in multipurpose

fields including medical diagnostics and therapeutics,
homeland security, astrophysics, and scientific facilities.' ™
Compared with scintillator-based indirect detection materials,
semiconductors can directly convert X-ray photons to charge
carriers, with the merits of improved energy and spatial
resolution, as well as more portable packaging.” Over the past
decades, versatile semiconductors were prolifically developed
for detecting X-ray photons. These materials include
amorphous Se, crystalline Ge/Si, crystalline Pbl, TIBr,
Cd(Zn)Te (CZT), and halides-based ternary compounds.'*~’
Although many of these materials have been commercialized,
they face severe bottlenecks in practical applications. For
example, the utilization of Si and Se is limited within a narrow
spectrum range with energy below 40 keV due to poor X-ray
absorptivity and low detection efficiency in the high energy

v ACS Publ]cations © 2019 American Chemical Society 8030
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regime.l‘6 The band gap of Ge is only 0.7 eV, leading to high
leakage current, and therefore it has to be utilized strictly
below the cryogenic temperature.” In addition, feasible crystal
growth and processing are the critical requirements to produce
chemically stable and cost-effective materials. An efficient
radiation detection material is recognized with traits of high
Z. large signal-to-noise ratio and low leakage current, as well
as large charge carrier mobility and lifetime product (ur).¥?

Metal—organic frameworks (MOFs) assembled by metal
nodes/clusters and organic linkers are an emerging class of
materials with high crystallinity, inherent porosity, designable
architecture, and tunable functionalities, which provides a
diverse platform for developing functional materials for many
different applications.'’~"* However, their applications toward
radiation detection is quite scarce. Recently, only three cases of
“scintillating MOFs” exhibit the radiation induced lumines-
cence."*™'¢ To the best of our knowledge, direct radiation
detection materials have never been reported for MOFs, which
may partially due to the lagging development of the
semiconductive MOFs. The recent research frontier of
semiconductive MOFs focuses on achieving high electrical
conductivity toward applications in the chemiresistive sensor,
field-effect transistors, and supercapacitors.l7—
detection of hard radiation is impractical using these reported
semiconductive MOFs, primarily owing to the poor X-ray
absorptivity of light elements for constructing the MOFs and
low signal-noise ratio from high leakage current.

Herein, we report the first investigation on the detection of
X-ray photons by a terbium-based semiconductive MOF,
[(CH,),NH,]Tb,L;(DMF),(H,0),(HCOO) (SCU-12, L =
C4CL0O,”"). Semiquinoid ligand was selected as the conduct-
ing medium given its accessible redox-active property (Scheme
S1). As shown in Figure la, comparison results on the
attenuation efficiency of representative detection materials Si,
SCU-12, and isotypical compounds by altering Tb* with
lighter elements of AI** and In** confirm our hypothesis.

20
However,
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ABSTRACT: The abnormal expression of tumor-related
proteases plays a critical role in cancer invasion, progression,
and metastasis. Therefore, it is considerably meaningful to
non-invasively assess the proteases’ activity in vivo for both
tumor diagnosis and therapeutic evaluation. Herein, we report
an activatable probe constructed with a near-infrared dye
(Cys.5) and a quencher (QSY21) covalently linked through a
peptide substrate of matrix metalloproteinases-2 (MMP-2)
that was chosen as a model for tumor-associated proteases.
Upon cleavage with activated MMP-2, this probe emitted an
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MMP-2-concentration-dependent fluorescence. Quite unexpectedly, owing to the variation in the aggregation state of both the
dye and its quencher as a consequence of the cleavage, the responsive probe presented a dramatic MMP-2-concentration-
dependent absorption at around 680 nm, while that at around 730 nm was MMP-2 concentration independent. These features
allowed detection of MMP-2 activity via both fluorescence and photoacoustic (PA) imaging in vitro, respectively. Moreover,
taking the PA signal at 730 nm as an internal reference, the PA signal at 680 nm allowed quantitative detection of MMP-2
expression in breast cancer in vivo. We thus envision that our current approach would offer a useful tool for studying the
malignant impacts of versatile tumor-associated proteases in vivo.

B INTRODUCTION

Abnormal tumor microenvironmental factors such as low
extracellular pH, hypoxia, and up-regulated expression of
tumor-related proteases are widely accepted as cancer
signatures. % Matrix metalloproteinases (MMPs) are known
to be important biomarkers involved in tumorigenesis,
invasiveness, metastasis, and angiogenesis of cancers,‘_5
MMP-2 is one of the most vital MMPs, as it is overe:gpressed in
the majority of solid tumors in, for example, breast,” bladder,”
colon,® prostate,9 and stomach cancers.'” Therefore, the
assessment of MMP-2 activity in vivo is of great relevance for
clinical diagnosis and therapeutic evaluation of cancers.'' Non-
invasive detection of the Protease activity through optical

and

Moreover, the overexpression of MMPs was found to be
well-correlated, in both time and location, with abnormal pH
in vivo, and their synergistic effects largely govern the
heterogeneous invasion of malignant tumors.””* Apparently,
fluorescence imaging offers great potential for visualizing the
malignant molecular behaviors. Nevertheless, the limited
penetration depth of visible light limits its clinical translation.
Fortunately, photoacoustic (PA) imaging, synergistically
integrating optical imaging and ultrasound imaging, overcomes
the limitations of conventional fluorescence imaging and
provides a deeper tissue imaging capacity with high spatial
resolution.””™*

Although a number of responsive PA probes have recently

R : 3946
imaging has been reported.'”™>° For example, with the aid of a been reported for non-invasively detecting MMPs in vivo,
dual-ratiometric target-triggered fluorescent probe, simulta-
neous and quantitative mapping of tumor microenvironment Received: December 21, 2018
protease activity and pH was successfully demonstrated. Published: January 28, 2019
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ARTICLE INFO ABSTRACT

Keywords: Uranium enrichment is perhaps the most critical chemical process throughout the nuclear fuel cycle including
Uranium uranium mining, uranium extraction from seawater, used fuel reprocessing and disposal, and environmental
Photocatalysis contamination remediation. New uranium extraction technology is still highly desirable at current stage, al-
r:;ig?ﬂmic framewark though a variety of extraction methods have been established and developed in the past several decades but all

with clear demerits. Herein we present a new uranium extraction strategy with combined ligand complexation
and photocatalytic reduction based on postsynthetically functionalized metal-organic frameworks (MOFs). The
highly robust and photoactive MOF PCN-222 is modified with phosphono- and amino groups that can capture U
(VD) from solution. Upon visible light irradiation, the photo-induced electrons from the MOF host can efficiently
reduce U(VI) pre-enriched in MOF, affording neutral uranium species that evacuate the MOF structure and
regenerating the active site readily for capturing additional U(VI). This auto-recycled process offers an ultrahigh
uranium extraction capacity not limited by the number of adsorption sites and more importantly an extra ur-
anium uptake selectivity over these non-redox-active competing metal cations, and can be utilized for uranium
separation over extremely wide uranium concentrations and pH ranges, showing a powerful application po-
tential.

Post-synthesis

1. Introduction technological barriers to be further developed and commercialized

[9,10]. Therefore, searching for new materials and strategies for ur-

Nuclear power remains to be the most mature technology that can
partially substitute fossil energy and provide low-cost electrical power
without greenhouse gas emissions [1-4]. However, uranium used in
nuclear reactors currently only comes from the mining and milling
process, which has already created a global environmental issue of
uranium pollution in natural water systems and soils that attracts tre-
mendous public attention [5,6]. In addition, more than 95% of the mass
of the used nuclear fuel is the remaining uranium, giving rise to a
significant demand for reprocessing the used fuel to further increase the
uranium burning efficiency, because of the upcoming shortage of ur-
anium reserving in terrestrial ores [7,8]. Alternatively, uranium in
oceans represents another major resource supply of uranium while ur-
anium extraction from seawater currently faces both scientific and

* Corresponding authors.
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anium extraction from aqueous solution would be highly desirable
aiming for the sustainable development of nuclear power in a variety of
aspects including but are not limited to uranium mining, uranium ex-
traction from seawater, used fuel reprocessing and disposal, radioactive
waste water treatment, and environmental contamination remediation.

During the past several decades, many different types of solid ad-
sorbent materials have been established and further developed to ex-
tract U(VI) (the predominate valence state of uranium under ambient
condition) from aqueous solutions, such as inorganic oxides [11-14],
modified activated carbon [1,15-17], layered metal sulfides [18-20] or
layered hydroxides [21-24], nonporous polymers [25], metal-organic
frameworks (MOFs) [26-29], covalent organic frameworks (COFs)
[30,31], porous organic polymers (POPs) [2,32], and others [33-37].
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ABSTRACT: Highly efficient nanoarchitectures are of
great interest for achieving precise chemotherapy with
minimized adverse side effects in cancer therapy. However,
a major challenge remains in exploring a rational approach
to synthesize spatiotemporally selective vehicles for precise
cancer chemotherapy. Here, we demonstrate a rational
design of bifunctional light-activatable platinum nano-
complexes (PtNCs) that produce dually cooperative cancer
therapy through spatiotemporally selective thermo-chemo-
therapy. The Pt"-coordinated polycarboxylic nanogel is
explored as the nanoreactor template, which is exploited to
synthesize bifunctional PtNCs consisting of a zero-valent
Pt’ core and a surrounding bivalent Pt** shell with tunable
ratios through a facile and controllable reduction. Without light exposure, chemotherapeutic P

t2+

ions are tightly bound

www.acsnano.org

on the surface of PtNCs, efficiently reducing undesirable drug leakage and nonselective dama§e on normal tissues/cells.
Upon light exposure, PtNCs generate much heat via photothermal conversion from the Pt” core and simultaneously

trigger a rapid release of chemotherapeutic Pt**

ions, thereby leading to the spatiotemporally light-activatable synergistic

effect of thermo-chemotherapy. Moreover, PtNCs show enhanced tumor accumulation through the heat-triggered
hydrophilicity—hydrophobicity transition upon immediate light exposure after injection, dramatically facilitating in vivo
tumor regression through their cooperative anticancer efficiency. This rational design of spatiotemporally activatable
nanoparticles provides an insightful tool for precise cancer therapy.

KEYWORDS: bifunctional platinum nanocomplex, nanoreactor, photothermal therapy, activatable chemotherapy,

cooperative cancer therapy

ancer is a serious hazard to human health. For
‘ instance, hepatocellular carcinoma (HCC) is the

second leading cause of global cancer-related deaths,
and single-modality treatment such as chemotherapy alone
usually suffers from many limitations such as toxicity, drug
tolerance, recurrence, and metastasis.'™ Recently, multifunc-
tional nanoparticles have emerged as promising targeted
delivery platforms of chemotherapeutic compounds, exhibiting
a favorable synergy between chemotherapy and other
therapeutic modalities.”™” The tailor-made design of nano-
structures shows great promise to overcome multiple barriers
in cancer-targeted drug delivery such as blood circulation,
vessel extravasation, intratumoral penetration, and intracellular
drug release, together with minimized adverse side effects,

i I © 2019 American Chemical Society
7 ACS Publications

6647

thereby increasing the accessibility of therapeutic compounds
to subcellular targets in organelles.g’l) In particular, a variety of
smart nanoparticles have been extensively explored to deliver
the payloads (such as chemotherapeutics, siRNA, photo-
sensitizers, and gasotransmitters) for satisfying their intra-
cellular delivery in response to intrinsic stimuli such as
lysosomal pH, redox, and reactive oxygen species, being
responsible for tumor-specific drug de]ivery.w_15 To further
achieve precise drug release, some external stimuli (e.g, light,
heat, ultrasound, and magnetism) have also been utilized to
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ABSTRACT: Antimicrobial resistance (AMR) is spreading
worldwide and keeps evolving to adapt to antibiotics,
causing increasing threats in clinics, which necessitates the
exploration of antimicrobial agents for not only killing of
resistant cells but also prevention of AMR progression.
However, so far, there has been no effective approach.

Herein, we designed lanthanum hydroxide and graphene

oxide nanocomposites (La@GO) to confer a synergistic \
bactericidal effect in all tested resistant strains. More La@GO treated strain

importantly, long-term exposure of E. coli (AMR) to S ,
subminimum inhibitory concentrations of La@GO does Culture cycles

not trigger detectable secondary resistance, while conven-

tional antibiotics and silver nanoparticles lead to a 16- to

64-fold increase in tolerance. The inability of E. coli to evolve resistance to La@GO is likely due to a distinctive
extracellular multitarget invasion killing mechanism involving lipid dephosphorylation, lipid peroxidation, and
peptidoglycan disruption. Overall, our results highlight La@GO nanocomposites as a promising solution to combating
resistant bacteria without inducing the evolution of AMR.

4 Antibiotic treated strain

Resistance

Ny

KEYWORDS: antimicrobial resistance, evolution, nanoparticles, lanthanum hydroxide, graphene oxide

idespread use of antibiotics in livestock and patients
has led to the rapid progression and spreading of

5 % 5 2 2 " "

antimicrobial resistance (AMR).l’ Resistant mi-
crobes have developed diverse intrinsic resistance mechanisms
by mutations in chromosomal genes for alteration of antibiotic

v ACS Publications © 2019 American Chemical Society
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ABSTRACT: Noble-metal-based nanomaterials made of
less toxic metals have been utilized as potential anti-
bacterial agents due to their distinctive oxidase-like
activity. In this study, we fabricated core—shell structured
Pd@Ir bimetallic nanomaterials with an ultrathin shell.
Pd@Ir nanostructures show morphology-dependent bac-
tericidal activity, in which Pd@Ir octahedra possessing
higher oxidase-like activity exert bactericidal activity
stronger than that of Pd@Ir cubes. Furthermore, our
results reveal that the presence of natural organic matter
influences the antibacterial behaviors of nanomaterials.

H.0, (M)

Potentiated bactericidal Increased cellular
activity

Enhanced oxidase-like activity internalization

23

0.
Contral | HA  Pd@lr  HA+PA@Ir
octahedra octahedra

Upon interaction with humic acid (HA), the Pd@Ir nanostructures induce an elevated level of reactive oxygen species,
resulting in significantly enhanced bactericidal activity of the nanostructures. Mechanism analysis shows that the presence
of HA efficiently enhances the oxidase-like activity of nanomaterials and promotes the cellular internalization of
nanomaterials. We believe that the present study will not only demonstrate an effective strategy for improving the
bactericidal activity of noble-metal-based nanomaterials but also provide an understanding of the antibacterial behavior of

nanomaterials in the natural environment.

KEYWORDS: bimetallic core—shell nanostructures, morphology, natural organic matter, oxidase-like activity, antibacterial efficiency

wing to their unique physicochemical properties,

noble metal nanomaterials have been widely applied

in various areas ranging from industrial catalysis to
daily necessities.' ™ In particular, without the risk of drug
resistance, noble metal nanomaterials have shown potential
applications in bactericidal fields. Ag nanoparticles, as one of
most common noble-metal-based antibacterial agents, possess
strong antibacterial activity but also show unacceptable toxicity
to normal cells or tissues.”® Therefore, the exploration of
noble-metal-based nanomaterials with excellent antibacterial
activity and high biosafety is highly desirable.

Previous studies have revealed that noble metal nanoma-
terials composed of less toxic and even nontoxic metal
elements including gold (Au),”™” palladium (Pd),"® and
platinum (Pt)"'™" could selectively kill bacterial cells without

i i © 2019 American Chemical Society
w7 ACS Publications

12694

producing significant toxicity to human cells. The selective
bacteria killing effect is ascribed to the distinctive oxidase- and
peroxidase-like activities of noble metal nanomaterials with
environmental selectivityA14 However, the bactericidal activity
of noble metal nanomaterials still needs to be improved."*~"”
Compared with their single-component counterparts, bimet-
allic core—shell structured nanoparticles'* ™" can provide
more attractive opportunities for marked enhancement in
specific catalytic activity due to the synergistic effects between

the core and the shell. Based on the above illustration, we
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ABSTRACT: The small difference between tumor and normal tissues in e - HAwl, ‘> SPEGSH i\\r
their responses to ionizing radiation has been a significant issue for @ -

radiotherapy of tumors. Herein, we report that dumbbell-shaped
heterogeneous copper selenide-gold nanocrystals can serve as an

@ CusO,-5H,0 Cuy,Se csa

efficient radiosensitizer for enhanced radiotherapy. The mean lethal w prr
dose of X-rays to 4T1 tumor cells can be drastically decreased about @ }
40%, that is, decreasing from 1.81 to 1.10 Gy after culture with ’
heterostructures. Due to the synergetic effect of heterostructures, the P Ny

dose of X-rays is also much lower than those obtained from mixture of
Cu,_,Se + Au nanoparticles (1.78 Gy), Cu,_,Se nanoparticles (1.72 Gy)
and Au nanoparticles (1.50 Gy), respectively. We demonstrate that the
sensitivity enhancement ratio of Cu,_.Se nanoparticles was significantly
improved 45% (i.e., from 1.1 to 1.6) after the formation of
heterostructures with gold. We also show that the heteronanocrystals
exhibit an enhanced photothermal conversion efficiency, due to the synergetic interactions of localized surface plasmon
resonance. These properties highly feature them as a multimodal imaging contrast agent (particularly for photoacoustic
imaging, computed tomography imaging, and single photon emission computed tomography after labeled with
radioisotopes) and as a radiosensitizer for imaging guided synergetic radiophotothermal treatment of cancer. The
research provides insights for engineering low-Z nanomaterials with high-Z elements to form heteronanostructures with
enhanced synergetic performance for tumor theranostics.

KEYWORDS: heterogeneous nanoparticles, radiosensitizer, radiotherapy, photothermal therapy, multimodal imaging

adiotherapy (RT) is one of the most important and
R:fective methods for the treatment of solid tumors, as
ore than half of tumor patients would receive RT

during treatment." RT mainly uses high-energy radiation (e.g.,

X-rays or y-rays) to target cancerous tissues and then directly
or indirectly damages the deoxyribonucleic acid (DNA) of

To maximize the radiosensitivity of tumor tissue to
radiations and minimize the damage of radiations to normal
tissue simultaneously, a number of high-Z elements (e.g., gold,
bismuth, wolfram, platinum, gadolinium) based nanomaterials

1

; s v 8—16 ;
have been exploited as radiosensitizers, which can

NW.acsnano.org

cells, leading to apoptosis and death of irradiated cells.”’
Despite its various advantages, the small difference between
tumor and normal tissues in their responses to ionizing
radiation leads to the difficulty in successfully curing solid
cancers by RT alone without injury to normal tissues.*™°
Therefore, how to improve the efficacy of RT remains a
significant issue for cancer treatment.”

< ACS Publications  © 2019 American Chemical Society
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penetrate into tumors via the enhanced permeability and
retention (EPR) effect.'”'® These nanomaterials could be a
generation of theranostic agents for multimodal imaging
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ABSTRACT: Biofilm infections can induce chronic inflammation and "\~
stall the normal orchestrated course of wound-healing cascades. Herein,
pH-switchable antimicrobial hydrogel with nanofiber networks for
biofilm eradication and rescuing stalled healing in chronic wounds is
reported on the basis of the self-assembly of a designed octapeptide
(IKFQFHFD) at neutral pH. This hydrogel is biocompatible and
exhibits an acidic pH (pathological environment of infected chronic
wounds)-switchable broad-spectrum antimicrobial effect via a mecha-
nism involving cell wall and membrane disruption. The antimicrobial
activity of hydrogel is derived from its acidic pH-dependent nanofiber
network destabilization and activated release of IKFQFHFD, which is
antimicrobial only at acidic pH due to the antimicrobial peptide-like
molecular structure. In addition, supramolecular nanofiber networks
loaded with drugs of cypate (photothermal agent) and proline (procollagen component) are further developed. In vitro
experiments show that loaded drugs exhibit acidic pH (pH ~ $.5)-responsive release profiles, and synergistic biofilm
eradication and subsequent healing cascade activation of cells proliferation are achieved on the basis of the
supramolecular nanofiber networks. Remarkably, the nanofiber networks of hydrogel enable in vivo complete healing of
MRSA biofilm infected wound in diabetic mice within 20 days, showing great potential as promising chronic wound
dressings. The proposed synergistic strategy for eradicating biofilm and activating subsequent healing cascades may offer a
powerful modality for the management of clinical chronic wounds.
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pH-switchable antimicrobial
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Accelerate healing
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A S Wound bed
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KEYWORDS: antimicrobial hydrogel, biofilm eradication, chronic wound healing, pH-switchable drug release, nanofiber network

rescue the stalled healing in chronic wounds. This situation is

hronic wounds (venous ulcers, diabetic ulcers, and
pressure ulcers) pose mounting public health concerns more prevalent and serious in diabetic foot ulcers in which more
and cause an enormous medical and financial than 25% of patients will eventually undergo limb amputation

1-3 : ; 2 i
burden. Despite continuous improvements in tissue

engineering and regeneration to target and accelerate the July 17, 2019
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wound-healing cascades including hemostasis, inflammation,

proliferation, and remodeling, it is still challenging to effectively
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ABSTRACT: Noble-metal-based nanomaterials made of
less toxic metals have been utilized as potential anti-
bacterial agents due to their distinctive oxidase-like
activity. In this study, we fabricated core—shell structured
Pd@Ir bimetallic nanomaterials with an ultrathin shell.
Pd@Ir nanostructures show morphology-dependent bac-
tericidal activity, in which Pd@Ir octahedra possessing
higher oxidase-like activity exert bactericidal activity
stronger than that of Pd@Ir cubes. Furthermore, our
results reveal that the presence of natural organic matter
influences the antibacterial behaviors of nanomaterials.

Potentiated bactericidal Increased cellular
internalization

Enhanced oxidase-like activity activity

HO, (VM)
sl d W B

Pd@Ir S
+HA ME

a4

HA  Pdalr  HAP@Ir
aoctahedra  octahedra

Upon interaction with humic acid (HA), the Pd@Ir nanostructures induce an elevated level of reactive oxygen species,
resulting in significantly enhanced bactericidal activity of the nanostructures. Mechanism analysis shows that the presence
of HA efficiently enhances the oxidase-like activity of nanomaterials and promotes the cellular internalization of
nanomaterials. We believe that the present study will not only demonstrate an effective strategy for improving the
bactericidal activity of noble-metal-based nanomaterials but also provide an understanding of the antibacterial behavior of

nanomaterials in the natural environment.

KEYWORDS: bimetallic core—shell nanostructures, morphology, natural organic matter, oxidase-like activity, antibacterial efficiency

wing to their unique physicochemical properties,
O noble metal nanomaterials have been widely applied

in various areas ranging from industrial catalysis to
daily necessities.' ™ In particular, without the risk of drug
resistance, noble metal nanomaterials have shown potential
applications in bactericidal fields. Ag nanoparticles, as one of
most common noble-metal-based antibacterial agents, possess
strong antibacterial activity but also show unacceptable toxicity
to normal cells or tissues.”® Therefore, the exploration of
noble-metal-based nanomaterials with excellent antibacterial
activity and high biosafety is highly desirable.

Previous studies have revealed that noble metal nanoma-
terials composed of less toxic and even nontoxic metal
elements including gold (Au),™” palladium (Pd),"" and
platinum (Pt)"'~"* could selectively kill bacterial cells without

7 ACS Publications  © XXxx American Chemical Society

producing significant toxicity to human cells. The selective
bacteria killing effect is ascribed to the distinctive oxidase- and
peroxidase-like activities of noble metal nanomaterials with
environmental selectivity.14 However, the bactericidal activity
of noble metal nanomaterials still needs to be improved.'>™"”
Compared with their single-component counterparts, bimet-
allic core—shell structured nanoparticles'®™° can provide
more attractive opportunities for marked enhancement in
specific catalytic activity due to the synergistic effects between
the core and the shell. Based on the above illustration, we
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ABSTRACT: It has been a major challenge to treat
osteoporotic bone defects with irregular shapes. Although
bioactive glass offers an attractive material for bone
regeneration, its inherent brittleness has greatly limited its
scope of application. Herein, we report the fabrication of
bioactive glass (SiO,—CaO) nanofibers with excellent
flexibility to even allow for 180° bending. The bioactive
glass nanofibers could be further assembled into 3D fibrous
scaffolds with chitosan serving as the linkers. The scaffolds
constructed from an assembly of 855i0,—15Ca0O nanofibers
and chitosan (85Si0,—15CaO NEF/CS) possessed signifi-

8i0,-Ca0 nanofiber with
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cantly better mechanical properties when benchmarked against both 755i0,—25Ca0 nanofiber- and chitosan-based scaffolds.
Moreover, the 855i0,—15CaO NF/CS scaffolds exhibited an elastic behavior, with full recovery from 80% compression and
good fatigue resistance over 1000 cycles of compression under water. Upon implantation, the elastic fibrous scaffolds were able
to deform and fit irregularly shaped bone defects, followed by a self-deploying behavior to achieve a perfect match with the
cavities. When applied to the repair of an osteoporotic calvarial defect in a rat model, the 855i0,—15CaO NF/CS scaffolds
showed substantial promotion of bone regrowth and vascularization. This new class of 3D fibrous scaffold provides a promising
advancement in engineering smart materials for complex bone repair.

KEYWORDS: Bioactive glass nanofibers, flexibility, 3D nanofibrous scaffolds, self-deploying capability, osteoporotic bone regeneration

Repair of complex osteoporotic bone defects remains a
huge challenge due to the poor bone remodeling adjacent
to implants and delayed new bone formation.' ™ It has been
reported that the occurrence of osteogenesis can induce
decreased implant—bone contact dramatically in the cancellous
bone area as compared with the normal bones.* Therefore, the
enhanced primary bone contact and long-term bone
integration of implants would favor osteoporotic bone repair
significantly. Instead of rigid autograft, allograft, and ceramics,
injectable cements have been developed to enable close
contact with the host bone via minimally invasive surgery.
However, the dense and almost nonporous structure of bone
cements blocks cell growth inside and vascularization.” Recent
evidence supports the superiority of porous engineered
scaffolds with shape-recovery capability for graft and
stabilization of complex bone defects.*” However, the shape-

v ACS Publica‘tions © 2019 American Chemical Society 9112
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recovery scaffolds commonly lack an inorganic component and
are incapable to mimic the native bone composition.
Bioactive ceramics and bioactive glasses have been
universally applied in clinical practice for bone repair owing
to strong interfacial bonds between the implants and bones.
Among them, bioactive glasses, a kind of Class A bioactive
materials, which can promote the formation of a biologically
active carbonate hydroxyapatite layer and exhibit excellent
bioactivity, osteoconductivity, and osteoinductivity, have been
widely employed in orthopedic and dental repair clinically
since the 1980s.*” Typically, bioactive glasses are formulated
into bulk, granular, and foam forms,'® which show less
resemblance to the nanofibrous architecture of native bone
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Successful Decontamination of *TcQO, in Groundwater at Legacy
Nuclear Sites by a Cationic Metal-Organic Framework with

Hydrophobic Pockets

Daopeng Sheng*, Lin Zhu*, Xing Dai*, Chao Xu, Peng Li, Carolyn I. Pearce, Chengliang Xiao,*
Jing Chen, Ruhong Zhou, Tao Duan, Omar K. Farha, Zhifang Chai, and Shuao Wang*

Abstract: “Tc contamination at legacy nuclear sites is a serious
and unsolved environmental issue. The selective remediation of
#TcO, in the presence of a large excess of NO;~ and SO/~
from natural waste systems represents a significant scientific
and technical challenge, since anions with a higher charge
density are often preferentially sorbed by traditional anion-
exchange materials. We present a solution to this challenge
based on a stable cationic metal-organic framework, SCU-102
(Niy(tipm);(NO;),), which exhibits fast sorption kinetics,
a large capacity (291 mgg™), a high distribution coefficient,
and, most importantly, a record-high TcO,~ uptake selectivity.
This material can almost quantitatively remove TcO,” in the
presence of a large excess of NO;~ and SO, . Decontamina-
tion experiments confirm that SCU-102 represents the optimal
Tc scavenger with the highest reported clean-up efficiency,
while first-principle simulations reveal that the origin of the
selectivity is the recognition of TcO, by the hydrophobic
pockets of the structure.

Anionic pollutants are challenging to deal with due to their
high environmental mobility, because the majority of natural
minerals are either neutral or have a negative net charge.!" To
efficiently remove anionic pollutants from aqueous systems,
cationic framework materials that exhibit strong targeted
host—guest interaction are highly desirable.”) Over the past
decade, the number of known cationic framework materials
has grown exponentially.” These materials include, but are
not limited to, natural hydrotalcite clays (also known as
layered double hydroxides),®) cationic lanthanide hydrox-
ide,’! cationic polymeric materials® and cationic metal-

organic frameworks (MOFs)."! For the majority of these
materials, the electrostatic interaction dominates the overall
host—guest interaction and therefore, anionic guests with
a higher charge density are generally more likely to be
captured by the cationic framework. This general trend is
known as the Hofmeister bias selectivity and the removal of
anionic pollutants with low charge is very challenging.”>!
Among these, the remediation of “TcQ,” from contaminated
natural water systems is a typical case. In the United States,
the contamination of “TcO," in the groundwater at both the
Hanford and Savannah river sites is a severe issue and a result
of both planned and unplanned discharge of liquid nuclear
waste to the subsurface, resulting in concentrations at least
one order of magnitude higher than the federal drinking
water limit of 900 pCiL™"F This issue remains unsolved,
partially due to the fact that TcO,~ has a low charge density
while in the contaminated water systems, anions with higher
charge densities such as NO;~ and SO,*~ often coexist in huge
excess. In some cases, anions with an even higher charge
density, that is, PO/~ and SiO;’", may also be present.”)
Anion-exchange selectivity is therefore the key parameter
to pursue for practical application purposes.

‘We recently presented two general strategies for building
specific types of cationic MOFs to reverse the Hofmeister
bias, aiming at a selective TcO,” remediation. One is the
utilization of a relatively soft-acidic open metal site (for
example, Ag") that can selectively coordinate to the anions
with low charge density during the anion-exchange process.!™!
This strategy, however, faces the severe issue of structural-
transformation-induced crystal cracking after the anion
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