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Transparent piezoelectrics are highly desirable for numerous hybrid ultrasound-
optical devices ranging from photoacoustic imaging transducers to transparent
actuators for hapticapplications'™. However, it is challenging to achieve high
piezoelectricity and perfect transparency simultaneously because most high-
performance piezoelectrics are ferroelectrics that contain high-density light-
scattering domain walls. Here, through a combination of phase-field simulations and
experiments, we demonstrate a relatively simple method of using an alternating-
currentelectric field to engineer the domain structures of originally opaque
rhombohedral Pb(Mg,sNb,;;)05-PbTiO, (PMN-PT) crystals to simultaneously
generate near-perfect transparency, an ultrahigh piezoelectric coefficient d;, (greater
than 2,100 picocoulombs per newton), an excellent electromechanical coupling
factor k5, (about 94 per cent) and alarge electro-optical coefficient y,, (approximately
220 picometres per volt), which is far beyond the performance of the commonly used
transparent ferroelectric crystal LINbO;. We find thatincreasing the domain size leads
toahigher dy, value for the [001]-oriented rhombohedral PMN-PT crystals,
challenging the conventional wisdom that decreasing the domain size always results
in higher piezoelectricity* ™. This work presents a paradigm for achieving high
transparency and piezoelectricity by ferroelectric domain engineering, and we expect
the transparent ferroelectric crystals reported here to provide a route to a wide range
of hybrid device applications, such as medical imaging, self-energy-harvesting touch
screens and invisible robotic devices.

Achieving simultaneous high piezoelectricity and perfecttransparency  light-scattering domain walls. The firstis to pole a ferroelectric crystal

ina piezoelectric material has long been a challenge. For example,
traditional high-performance piezoelectric transducers are typically
made from perovskite ferroelectric ceramics and crystals with chemical
compositions that are close to their morphotropic phase boundaries
(MPBs), such as Pb(Zr,Ti)O, (PZT) ceramics and domain-engineered
PMN-PT crystals. These materials possess very high d;, and k;, values™™,
but they are usually opaqueinthe visible-light spectrum. Onthe other
hand, the commonly used transparent piezoelectric LINbO, crystalsand
polyvinylidine fluoride (PVDF) polymers®” have good transparency but
much lower dy; and ks, values (LINDO;: d;; < 40 pCN™, k3, = 47%; PVDF:
dy; =20 pC N, k3; =16%) that severely limit the acoustic source level,
bandwidth and sensitivity of the transducers.

In addition to the extrinsic effects, such as porosity and grain
boundaries, which are ubiquitous in ceramics, the poor transparency
in PZT ceramics and domain-engineered PMN-PT crystals is closely
associated with light scattering and reflection from their ferroelec-
tric domain walls. There are two possible approaches to reducing the

along the polar direction to achieve a single-domain state. However,
the dy; value of such single-domain PMN-PT crystals is generally very
low"™"*—much lower than that of [001]-poled multidomain rhombohe-
dral PMN-PT crystals (>1,500 pC N™). In principle, one could first pole
arhombohedral PMN-PT crystal along the [111] direction to achieve a
single-domain state with good transparency, then rotate the crystal
to the [001] direction to guarantee high longitudinal piezoelectric-
ity. However, this approach is not feasible in practice (see Methods
for a detailed explanation). The second approach is to dramatically
reduce the domain sizes by breaking the domains into polar nanore-
gions with spatial sizes (a few to tens of nanometres) much smaller
thanthe wavelength of visible light, thus greatly improving their light
transparency—asobservedinLa-doped PZT**, However,improving the
transparency using polar nanoregions is achieved at the expense of a
markedly reduced remanent polarization and thus very low d,, values;
therefore, despite more than 50 years of effort, optical functionalities
inhigh-performance piezoelectrics have not been realized.
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A programmable polymer library that enables the
construction of stimuli-responsive nanocarriers

containing logic gates
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s, drugs and short mterfermg RNA) invitro and in vivo. We expect that this ‘plug and
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engineering and stem cell therapy.

balance, enzymes, metabolites, temperature and shear force,

are important hallmarks for the genesis, development and
prognosis of human diseases (for example, infection, cancer, heart
disorders and neurodegencration), presenting as promising diag-
nostic biomarkers and therapeutic targets'. Particularly in cancer,
autologous dysregulation, as well as microenvironmental signals
released by stromal cells (for example, malrix metalloproleinases,
cytokines, chemokines and hypoxia), promotes tumour stemness
and drives drug resistance, invasion and metastasis, accounting
for the majority of clinical relapse and deaths™*. To leverage the
pathological cues for precise trcatment, smart materials that
undergo degradation or conformational change in response to
external or endogenous stimuli have been engineered for tar-
geled delivery and controlled drug release in lesion siles, show-
ing significant improvement in enhancing treatment efficacy and
reducing off-target effects™". However, to block metastatic signal-
ling pathways, most combinatorial therapies require the coadmin-
istration and sequential release of multiple therapeutics, such as
drugs, inhibitors, antibodies and gene strands, at the right time and
place, which is a daunting challenge for single-stimulus responsive
materials” ''. Another issue confronting researchers is thal many
physiological species dynamically change during disease progres-
sion and also exist in normal tissues, potentially hindering treat-
ment that is exclusive only to the discasc®. Thus, multiple responsive
materials with programmed functions, especially logic-based

\/arialions in physiological paramelers, such as pH, redox

g ing for therap

delivery, p tissue

biocompulation, are urgenily needed (o enhance controllability
for activated targeting and site-specific release.

Biocomputation has the capability to sense, analyse and modu-
late chemical, mechanical or electronic signals in biological systems
and follow a user-programmed Boolcan logic-based algorithm to
yield a functional output'’. DNA and RNA are the most promis-
ing scaffolds with which to construct highly programmable logic
devices hal can be ralionally designed al a molecular level and
operate computations by strand displacement, enzyme cleavage and
aptamer recognition with gene strands, metal ions, small molecules
and receptors as inputs, thus making rapid progress in drug deliv-
cry, cellular imaging, genome editing and information storage'*".
Despite working well in test tubes, the effectiveness and reliability
of most nucleic acid-based devices in biological systems are in some
doubt because these highly charged macromolecules suffer [rom
serious degradation, clearance, immune recognition and delivery
issues'”. Biocomputation can also use protein/peptide-based logic
systems, but such systems have the same stability and delivery prob-
lems, as well as limited inputs (usually enzymes) and complex struc-
tures (rigid folding), making complicated computational operations
a distinct challenge'>!. By conlrast, responsive polymers represent
synthetic smart materials that can respond to a wide range of patho-
logical cues, providing a powerful tool for diagnostics, drug delivery
and tissue engineering™ *’. However, owing to their highly diverse
chemistry and structural complexity, most multi-stimuli-responsive
polymer-based particles, films and hydrogels have been developed
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Gelatin Methacryloyl-Based Tactile Sensors

for Medical Wearables

Zhikang Li, Shiming Zhang,* Yihang Chen, Haonan Ling, Libo Zhao,* Guoxi Luo,
Xiaochen Wang, Martin C. Hartel, Hao Liu, Yumeng Xue, Reihaneh Haghniaz,
Kangju Lee, Wujin Sun, Hanjun Kim, junmin Lee, Yichao Zhao, Yepin Zhao,

Sam Emaminejad, Samad Ahadian, Nureddin Ashammakhi, Mehmet R. Dokmeci,

Zhuangde jiang, and Ali Khademhosseini*

Gelatin methacryloyl (GelMA} is a widely used hydrogel with skin-derived gelatin acting as the main constituent.

Blo b

However, GelMA has not been used in the develop of

d healthcare

which are ging devices that enable
ial of GelMA for wearable biosensing applications

by d ing a fully solution-p| ble and p

ing. This work highlights the

capacitive tactile sensor with microstructured GelMA as

the core dielectric layer. A robust chemical bonding and a reliable encapsulation approach are introduced to overcome
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pressure sensitivity of 0.19 kPa™ and one order of magnitude lower limit of d

GelMA tactile sensor shows a high-
ion (0.1 Pa) pared to previ

hydrogel pressure sensors owing to its excellent mechanical and electrical properties (dielectric constant). Furthermore,

it shows durability up to 3000 test cycles b

of tough ch

O o oot [+

g, and long-term stability of 3 days due to

the inclusion of an

ion layer, which p water

poration (80% water content). Successful monitoring of

various human physiological and motion signals demonstrates the potential of these GelMA tactile sensors for wearable

biosensing applications.
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Cascade-Amplifying Synergistic Therapy for Intracranial
Glioma via Endogenous Reactive Oxygen Species-Triggered

“All-in-One” Nanoplatform

Pengying Wu, Mingting Zhu, Yan Li, Zhen Ya, Yabo Yang, Yuchen Yuan, Wei Dong,
Shifang Guo, Shukuan Lu, Lei Zhang, Yujin Zong,* and Mingxi Wan*

Targeted delivery of drug-loaded nanoparticles to brain tumors is excep-
tionally difficult due to the blood-brain barrier (BBB). In addition, several
chemotherapeutic drugs induce autophagy, which protects the cells from
apoptosis and mitigates the therapeutic effect. A novel “all-in-one” nanopar-
ticles (AMPTL) consisting of endogenous reactive oxygen species-cleavable
thioketal linkers conjugated to paclitaxel (PTX) and autophagy inhibitor
3-methyladenine, and angiopep-2 peptid dified DSPE-PEG,y is devel-
oped. AMPTL inhibits autophagy in the C6 glioma cells, as indicated by fewer
autophagic vesicles, lower LC3-11 expression and acc lation of SQSTM1/
P62, and significantly upregul p53 and the pro-apoptotic Bax and cl
caspase-3 proteins. In addition, AMPTL treatment induces cell cycle arrest at
the G2/M phase. Thus, inhibition of autophagy in the AMPTL-treated glioma
cells sensitizes them to PTX-induced cell cycle arrest and apoptosis. Further-
more, ft d pulse ultr d and microbubbl k the delivery of
AMPTL to intracranial glioma tissues by reversibly opening the BBB, which

q

and mortalily. Since glioma cells leave the
BBB relatively intact and invade the sur-
rounding healthy tissues,? it is largely
recalcitrant to  chemotherapy. Surgical
resection is the first-line treatment for
glioma, although its therapeutic potential
is limited due to the invasive and aggres-
sive nature of glioma cells.?) The mean
overall survival of glioma patients after
surgical resection is only 15 months.l In
addition, autophagy can also desensitize
glioma cells to surgery, chemotherapy
and radiotherapy, which further worsens
patient prognosis.’l Despite significant
advances in our understanding of the
molecular mechanisms underlying glioma
progression, novel and effective thera-
peutic targets need to be identified.

significantly inhibits xenograft growth and markedly improves survival rates

+h

Non-invasive focused ultrasound (US)
has shown encouraging resulls in the

of the tumor-bearing mice. Taken tog
ing with | inhibi and ct

phagy
d plifying synergistic therap

P

1. Introduction

Efficient delivery of therapeutic agents across the blood-brain
barrier (BBB) is a major challenge in the treatment of brain
diseases. BBB, a specialized cerebro-vascular syslem consisling
of brain endothelial cells, blocks 98% of the drug molecules
(>400 Da) from entering the brain!! Glioma is the most
common and aggressive subtype of primary central nervous
system brain tumor, and is associated with high morbidity
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BBB detection and treatment of brain disorders
such as Alzheimer's disease, Parkinson’s
disease. and glioma.®) US increases vas-
cular permeability in the presence of
intravascular microbubbles (MBs), which
facilitates targeted delivery and accumulation of drugs into
brain tissue.”) Compared to conventional cerebral blood barrier
blocking methods like intracranial local injection and systemic
hypertonic solution injection, ultrasonic radiation has the advan-
lages of deep penelralion, non-invasiveness, low cosl, safely and
high reproducibility, and allows drug delivery across the skin
and BBB.* Clinical trials are currently underway on the efficacy
of US and MBs for opening BBB as a treatment strategy against
Alzheimer’s disease and glioma ! Preclinical studies have estab-
lished thal BBB opening with US pulses and MBs can enhance
the delivery of antibodies, chemotherapeutic drugs and nano-
particles to normal and diseased brain tissues.*5

Autophagy is a conserved self-digestion process that occurs
in response to stress and clears non-essential organelles or mis-
folded proleins lo ensure cell survivall" Studies increasingly
show that autophagy is an important factor in cancer progres-
sion and chemoresistance.'! Autophagy provides encrgy for
the rapidly proliferating cancer cells, and allows them to sur-
vive in the inhospitable tumor microenvironment."”! Further-
more, pharmacological inhibilion of aulophagy or silencing of
autophagy-related genes can sensitize cancer cells to multiple

© 2021 Wiley-VCH GmbH
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Human-on-Leaf-Chip: A Biomimetic Vascular System
Integrated with Chamber-Specific Organs

Mao Mao, Ho Pan Bei, Chun Hei Lam, Pengyu Chen, Shugi Wang, Ying Chen,

Jiankang He,* and Xin Zhao*

The vascular network is a central
to build a 3D physi

biochemical vari pil

t of the org hip system
with controlled physical and
d by ubiqui biological sy such as leaf
and circulatory sy , a fabrication strategy is devised to develop
a biomimetic vascular system integrated with freely designed chambers,
which function as niches for chamber-specific vascularized organs. As a proof

of concept, a human-on-leaf-chip system with biomimetic multiscale vascula-

ture syst ing the self- 13D I in s is
fabricated, mimicking the in vivo complex architectures of the human cardio-
lar system ing larized organs. Besides, two types of vascu-

larized organs are built independently within the two halves of the system to
verify its feasibility for conducting comparative experiments for organ-specific
metastasis studies in a single chip. Successful culturing of human hepatoma
G2 cells (HepG2s) and mesenchymal stem cells (MSCs) with human umbil-
ical vein endothelial cells (HUVECs) shows good vasculature formation, and
organ-specific metastasis is simulated through perfusion of pancreatic cancer
cells and shows distinct cancer lation by MSCs, which is absent in
HepG2s. Given good culture efficacy, study design flexibility, and ease of
modification, these results show that the bioinspired human-on-leaf-chip pos-
sesses great p ial i ive and is studies while retaining

n
organ-to-organ crosstalk.

P

Noteworthy efforts have been devoted to
crealing organ-on-a-chip system for cul-
turing living cells in perfused, miniatur-
ized platform, in order to satisfy the urgent
needs of establishing physiologically func-
tional tissues or organs as in vitro disease
models for drug screening and disease
pathology studies.'*l To remedy the limita-
tions of conventional 2D or 3D culture sys-
tems such as lack of supportive vasculature
formation and inability to accommodate
biomimelic dynamic cultures, organ-on-
chips are expected to recapitulate the in
vivo 3D tissuc multiscale architecture and
the complex organ-specific biophysical and
biochemical microenvironments." Vas-
culature is essential for inlerconnection
between organs and serves as a semiper-
mcable barricr to dynamically regulate the
exchange of molecules and cells between
the flowing fluids and surrounding tissue,
closely related to some critical diseases
such as metastasis and inflammatory
discascs.® ¥

Numerous approaches have been devel-
oped over the past decades to incorporate
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Nanoscale integrin cluster dynamics controls cellular
mechanosensing via FAKY397 phosphorylation

Bo Cheng'?*, Wanting Wan?>*, Guoyou Huang"?, Yuhui Li"?, Guy M. Genin

Mohammad R. K. Mofrad®, Tian Jian Lu”?,

Transduction of extracellular matrix mechanics affects cell migration, proliferation, and differentiation. While this
mechanotransduction is known to depend on the regulation of focal adhesion kinase phosphorylation on Y397
(FAKpY397), the mechanism remains elusive. To address this, we developed a mathematical model to test the
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hypothesis that FAKpY397-based mechanosensing arises from the dynamics of nanoscale integrin clustering,
stiffness-dependent disassembly of integrin clusters, and FAKY397 phosphorylation within integrin clusters. Modeling
results predicted that integrin clustering dynamics governs how cells convert substrate stiffness to FAKpY397, and
hence governs how different cell types transduce mechanical signals. Existing experiments on MDCK cells and
HT1080 cells, as well as our new experiments on 3T3 fibroblasts, confirmed our predictions and supported
our model. Our results suggest a new pathway by which integrin clusters enable cells to calibrate responses

to their mechanical microenvironment.

INTRODUCTION

The ways that cclls transduce and respond to their mechanical
microenvironments underlie pathological remodeling in metastasis
and fibrosis, and physiological remodeling in development and stem
cell dilferentiation (1-3). A variely of polenlial mechanosensors are
available to cells including various adhesion proteins such as integrin,
focal adhesion kinase (FAK), talin, and vinculin (4). In many cells,

a relatively high substrate stiffness up-regulates phosphorylation of

TAK on Y397 (FAKpY397) (Fig. 1A), which affects ccll behaviors
including proliferation, migration, and differentiation (5). However,
the molecular mechanism by which cell adhesions enable this stiff-
ness sensing via FAKpY397 remains elusive.

A hypothesis proposed recently is that the dynamics of nanoscale
integrin clusters within focal adhesions (FAs) governs mechano-
sensing via FAKpY397 (6). The loose aggregates containing tight
clusters of integrins with a size of ~100 nm and composed of ~20 to
50 integrin molecules (Fig. 1B), as identified by super-resolution
imaging (7), are believed to be sites for FAKY397 phosphorylation.
Substrate stiffness—dependent cluster dynamics affects the ability
ol integrin molecules lo form adhesions (8) and is hypothesized (o
play a key role in cellular decisions about the suitability of a micro-
environment for growth and differentiation. Integrin clusters turn
over through clustering-disassembly dynamics on the time scale
of minutes (9), but their lifetimes can be prolonged by the traction

"The Key Laboratory of Bi ation ing of Ministry of Ed
School of Llfc Science and chhno\ogy Xi'an Jiaotong University, Xi'an 710049,
P.R. China. ’Bioinspired Engineering and Biomechanics Center (BEBC), Xi'an Jiaotong
University, Xi'an 710049, P.R. China. *Key Laboratory of Shaanxi Province for
Craniofacial Precision Medicine Research, College of Stomatology, Xi‘an Jiaotong
University, Xian 710049, P.R. China. "Depav(men( of Mechanical Engineering &
Materials Science, Washington University in St. Louis, St. Louis, MO 63130, USA.
°NSF Science and Technology Center for Engineering Mechanobiology, Washington
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ineering and Mechanical Engineering, University
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of Mechanical Structures, Nanjing University of Aeronautics and Astronautics, Nanjing
210016, P.R. China. *MOE Key Laboratory of Multifunctional Materials and Structures,
Xi'an Jiaotong University, Xi'an 710049, P-R. China.
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tCorresponding author. Email: minlin@mail xjtu.edu.cn
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of actomyosin-based sarcomere-like contractile units (CUs) (10).
These dynamics may be related to the phosphorylation of FAKY397
(Fig. 1C).

On the basis of these observations, we hypothesized that integrin
cluslers serve as platforms for substrate stillness-dependent FAKY397
activation. 'To test our hypothesis, we developed a mathematical
model integrating submodels of (i) integrin clustering, (ii) stiffness-
dependent integrin cluster disassembly, and (iii) FAKY397 phos-
phorylation within integrin clusters. With this model, we assessed
several biomechanical and biochemical processes that appear to
play important roles in integrin clustering and clustered integrin-
mediated FAKY397 phosphorylation.

RESULTS

Spatial Monte Carlo model of integrin clustering kinetics

To test our hypothesis, we developed a coarse-grained spatial Monte
Carlo model of integrin clustering. Integrin clustering requires acti-
vation of integrin molecules to their high ligand binding affinity state
by the talin head domain (11, 12), with activation and inactivalion
rate constants of ko, and k,_, respectively (Fig. 1D). Activated inte-
grins could bind to ligand with a rate of k;, and unbind upon sepa-
rating from clusters with a rate of k;,_ (Fig. 1D). Integrin molecules
aggregate or scparate from neighbors by binding or unbinding via (i)
membrane-bound PI(4,5)P; (phosphatidylinositol 4,5-bisphosphatc)
molecules (12) and (ii) integrin transmembrane domains (ITDs) (13)
with binding and unbinding rales ol k., and k.., respectively (Fig. 1E).
Beginning with a random distribution of integrin molecules on the
membrane lattice, the number of clustered integrins increases with
computational time (Fig. 1F).

To quantify these dynamics, we computed the average number
of integrin molecules per cluster (“integrin cluster size,” N,,) and the
spatial density of integrin clusters (“integrin cluster number,” M,,)
alter reaching a steady state (Fig. 1E). The distribution of N, fits a
power function well (red line in Fig. 1G)

P = oxP (1)
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Directed cell migration towards softer

environments

Aleksi Isomursu®'2, Keun-Young Park??, Jay Hou®3%, Bo Cheng*>"2, Mathilde Mathieu®",
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Guy M. Genin®#58, Feng Xu(
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45 Min Lin

23, Benjamin Fuller®, Jesse Kasim®, M. Mohsen Mahmoodi?, Tian Jian Lu®’,
2452< Mark D. Distefano!

24, Johanna Ivaska'®101<

How cells sense tlssue suffness to guide cell mig isaf tal tion in devel t, fibrosis and cancer. Although
cell migrat ds increasing substrate stiffness—is well established, it remains unknown whether individual
cells can mig Is softer envir

Here, using microfabricated stiffness gradients, we describe the directed mlgra-
This * i

durotaxis' does not ide with ct in

tion of U-251MG glioma cells |
mechanosensitive signalling or

Iess stiff regi

ility. |

d, as pr

d by the motor-clutch-based model, migration

occurs towards areas of ‘optimal stnffness' where cells can generate maximal traction. In agreement with this model, negative

durotaxls is selectively disrupted and even reversed by the partial inhibition of actomy

i A
can be to neg

tility. C

ly, positive

by lowering the optimal stiffness by the downregulation of talin—a key clu’(ch compo-

d

nent. Our results identify the molecul
cell's contractile and adhesive machinery.

driving

critical for tissue homeostasis and development, and underlies

pathological conditions like cancer metastasis'”. Cells migrate
in response to chemical and physical cues including the elasticity,
or stiffness, of the surrounding extracellular matrix (ECM). The
well-known tendency for many cells to migrate towards stiffer sub-
strates, known as durotaxis’™, has implications for both develop-
mental morphogenesis®” and cancer cell invasion®"%,

Despite progress in empirically identifying environmental
conditions and molecular components that enable or promote
durotaxis™'*“'*, our understanding of its fundamental mecha-
nisms in different cell types is lacking. A long-standing math-
ematical model for cell migration is based on the motor-clutch
mechanism'~¥, in which F-actin filaments polymerize against
the plasma membrane Lo push the cell edge forward while being
simultaneously pulled away from the cell edge by adenosine tri-
phosphate (ATP)-dependent myosin II (‘molecular motors’) and
pushed by force from the ATP-dependent polymerization itself.
Retrograde F-actin flow can be mitigated by mechanical connec-
tions or ‘clutches’ typically integrin-mediated adhesions, between
the F-actin and ECM Lo generale (raction and bias cell movement
towards more adhesive environments™ ", These traction forces are
critical for cell migration; as a result, they have also been linked to
durotaxis. For example, fibroblasts on stiffness gradients exhibit
asymmetric traction that has been postulated to directly contribute

| he capacily of living cells (o undergo controlled migration is

pendent positive or negative durotaxis, determined by a

Lo their polarizalion and migralion up the gradien(>*. Recently,
differences in intracellular contractility and adhesivity to the ECM
have been proposed to explain why some cells are more prone to
durotax than others'". Interactions between actomyosin machinery
and integrin-mediated adhesions have also been implicated in neu-
ronal growth and mechanosensitive pathfinding™-*. However, the
unifying principles underlying these behaviours across cell types
have nol been eslablished.

Recently, cellular traction forces were shown to be maximal
on substrates of an ‘optimal stiffness’ that can be predicted by the
motor-clutch model'*'"***~*". However, the biological relevance of
this on cell behaviour remains to be fully clucidated. Due to the
key role of traction in driving mesenchymal cell migration, we
predicted that any cell whose adhesion dynamics are governed by
the motor—cluich model could potentially migrale towards sofler
environments, if such environments were closer to the cell’s optimal
stiffness for maximal traction generation. We call this behaviour
‘negative durotaxis’

U-251MG glioblastoma cells undergo negative durotaxis

To lest our hypothesis, we seeded U-251MG human glioblastoma
cells, previously shown Lo exhibit maximal traction at an oplimal
stiffness of 5-10kPa (Fig. 12)", on fibronectin-functionalized poly-
acrylamide hydrogels having a continuous stiffness gradient of
approximately 0.5-22.0kPa (Supplementary Fig. la,b)*—a rangce
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Ex Vivo and In Vivo Monitoring and
Characterization of Thermal Lesions
by High-Intensity Focused Ultrasound

and Microwave

Ablation Using

Ultrasonic Nakagami Imaging

Siyuan Zhang', Shaogiang Shang, Yugiang Han

, Chunming Gu, Shan Wu, Sihao Liu, Gang Niu,

Ayache Bouakaz, and Mingxi Wan

Abstract— Thefeasibility of ultrasonic Nakagami imaging
to evaluate thermal lesions by high-intensity focused ultra-
sound and microwave ablation was explored in ex vivo and

study suggests that ultrasonic Nakagami parameter may
have a potential use in evaluating the formation of thermal
Iesuons wnih beﬂer |mage contrast. Moreover, ultrasonic

in vivo liver models. Dynamic changes of the
Nakagami parameter in thermal lesions were calculated,
and ultrasonic B-mode and Nakagami images were recon-
structed simultaneously. The contrast-to-noise ratio (CNR)
between thermal lesions and normal tissue was used to esti-
mate the contrast resolution of the monitoring images. Aﬂer

d with B-mode imaging may be
utilized as an alternative modality in developing monitoring
systems for image-guided thermal ablation treatments.

Index Terms—High-intensity focused ultrasound,
microwave ablation, ultrasound imaging, Nakagami
p , thermal i itoring.

thermal ablation, a bright hyper-echoic region app
in the ultrasonic B-mode and Nakagami images, identifying
the thermal Iesion Durlng thermal ablallon mean values
of d an ir g trend from
0.72 to 1.01 for the ex vivo model and 0.54 to 0.72 for the
in vivo model. After thermal ablation, mean CNR values of
the ultrasonic Nakagami images were 1.29 dB (ex vivo) and
0.80 dB (in vivo), significantly higher (p < 0.05) than those
1or B- mode |mages Thermal lesion size, assessed using
ges, shows a good correlation to
those obtained from the gross-pathology images (for the
ex vivo model: length, r = 0.96; width, r = 0.90; for the in vivo
model: length, r = 0.95; width, r = 0.85). This preliminary
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|. INTRODUCTION

MAGE-GUIDED thermal ablation technologies. such as

radiofrequency, microwave, laser, cryotherapy, and high-
intensity focused ultrasound (HIFU), are emerging as precise
methods of selectively and locally inducing irreversible cell
injury, and ultimately assisting in tumor apoptosis and coag-
ulative necrosis inside the body [1]-[5]. HIFU is a rapidly
emerging non-invasive technique used to selectively and
locally treat tumors located in various tissues, including
the prostate [6]. liver [7], kidney [8], uterine fibroids [9],
brain [10], and breast [11], and more recently to treat neuro-
logical disorders [12]. Microwave ablation is a promising
minimally invasive local therapeutic modality that destroys
tumors by means of thermal coagulation or protein denat-
uration [13]. At present, MWA has been extensively used
in the treatment of cancer in the liver, kidney, lung, breast,
adrenal gland, bone, adenomyosis. and uterin fibroid [3], [13].
Potential clinic application of thermal ablation for treating
various tissue cancers is now experiencing progress by taking
advantage of recent advances in medical imaging techniques,
such as magnetic resonance imaging (MRI) [14] and ultra-
sound (US) imaging for targeting and monitoring thermal
ablation treatments [9]. [107, [15].

Tissue necrosis induced by a focused ultrasound beam
can be detected with MRI and the temperature sensitivity
of proton resonance frequency (PRF) or relaxation time T,
is then used to monitor temperature distribution [14], [16].
Magnetic resonance-guided focused ultrasound (MRgFUS)

0278-0062 © 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information
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Electrohydrodynamic printing: a potential tool for high-resolution hydrogel/cell

patterning

Xiang Zhao, Jiankang He, Fangyuan Xu, Yaxiong Liu and Dichen Li

State Key Laboratory for Manufacturing Systems Engineering, Xi'an Jiaotong University, Xi'an, Shaanxi, People’s Republic of China

ABSTRACT

ARTICLE HISTORY

Electrohydrodynamic printing has gained increasing attentions to fabricate micro/nanoscale
patterns in a controlled and cost-effective manner. However, most of the existing studies focus
on printing tiny dried fibres, which limits its applications in high-resolution cell printing. Here we
investigated the feasibility of using electrohydrodynamic printing to pattern microscale liquid
filaments. Process parameters like stage moving speed and substrate resistance were optimised
to stably print polyvinyl alcohol (PVA) liquid lines with the smallest line width of 37.4 um.
Complex patterns like XJTU logo with constant or variable line width were successfully printed
by dynamically adjusting the moving speed. Fluorescent microparticles, with a similar diameter
to living cells, were patterned in a one-by-one manner along with the PVA filaments. It is
envisioned that the presented electrohydrodynamic printing method could be potentially used
t0 high-resolution hydrogel/cell patterning for the studies of microscale cell-cell interactions or
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KEYWORDS
Electrohydrodynamic
printing; hydrogel/cell
patterning; microscale
patterning

organ printing.

1. Introduction

Electrohydrodynamic printing, also known as electrohy-
drodynamic jetting or direct-writing, has recently
attracted extensive attentions to fabricate micro/nanos-
cale patterns in a cost-effective manner (Huang et al.
2013, Onses et al. 2015). The principle of electrohydrody-
namic printing is based on conventional electrospinning
which employs high-voltage electric field to induce the
ejecting of polymer filament, which is deposited into a
user-specific pattern by controlling the substrate move-
ment. Previous studies in electrohydrodynamic printing
mainly focused on the effect of process parameters like
needle-to-collector distance, high voltage, moving
speed on the morphology and width of the printed
single lines or fibres (Byun and Nguyen 2009). With the
optimal parameters, electrohydrodynamic printing tech-
nique has been successfully used to fabricate microscale
electronic, photonic and plasmonic devices (He et al.
2014, Onses et al. 2015).

The application of electrohydrodynamic printing into
biomedical fields enables to generate biomimetic micro/
nanofibrous structures with the similar length scale to
native collagen fibres (Kim et al. 2007). For example,
melt-based electrohydrodynamic printing was devel-
oped to directly fabricate three-dimensional (3D) polyca-
prolactone scaffolds with the smallest filament diameter
of 817 nm, which was found to direct cellular growth and

promote the mechanical strength of chondrocyte-
hydrogel constructs (Brown et al. 2011, Hochleitner
et al. 2015, Visser et al. 2015). Solution-based electrohy-
drodynamic printing was also investigated to deposit
microscale patterns from synthetic and natural biomater-
ials like collagen, polyethylene oxide and silk fibroin
(Bayram et al. 2013, He et al. 2016). However, these inves-
tigations pursued to achieve high-resolution printing of
dried fibres. Few studies so far have been conducted to
verify the feasibility of printing microscale liquid fila-
ments, which is critical to translate electrohydrodynamic
printing into a high-resolution single cell printing
technique.

Recent studies in cell electrospinning have demon-
strated that living cells could maintain relatively high via-
bility during the high-voltage ejecting process (Zanatta
et al. 2012, Sampson et al. 2013). Gasperini et al. (2015)
further employed electrospinning-based printer to
deposit alginate hydrogel containing living cells.
However, these attempts were mainly limited to ran-
domly distribution of cells or large filament size. It is tech-
nically difficult to realise microscale hydrogel or single
cell patterning, which is also the main challenge of con-
ventional 3D bioprinting techniques (Bhuthalingam et al.
2015, Koudan et al. 2016, Tse et al. 2016). Here we inves-
tigated the feasibility of using electrohydrodynamic
printing to fabricate microscale liquid filaments as well
as pattern single microparticles. Polyvinyl alcohol (PVA)

CONTACT Jiankang He @ jiankanghe@mail xjtu.edu.cn
© 2016 Taylor & Francis
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Interface integration between chondral phase and osseous phase is crucial in engineered osteochondral scaffolds.
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1. Introduction

Delamination of engineered cartilage jeopardizes the outcome of
cartilage repair [1]. Interface integration between chondral phase and
osseous phase is crucial in engineered osteochondral scaffold [2,3].
However, the integration of biphasic osteochondral scaffolds reported
to date was mainly enhanced by suturing [2], gluing [4,5] or crosslinking
[6] and the integration failed to meet the need of osteochondral scaf-
folds. Recently, incorporation of calcium phosphate compounds such
as CPP (calcium polyphosphate) [7], HA (hyc ite) [8] or B-GP
(3-glycerophosphate) [9] was reported to promote the interface
strength via biological bonding [10] over time, the interface shear
strength was still two or three orders of magnitude less than the native
tissue [3,9].

The natural osteochondral integration was enhanced by osteo-
chondral interface [3]. The subchondral bone was anchored tightly

* Corresponding author.
E-mail address: giamt@mail xjtu.edu.cn (Q. Lian).

heep: idx.doi.org/10.1016:].msec.2014.09.042
0928-4931, 2014 Elsevier BV. All tights reserved.

was poorly
folds. In this paper. a biphasic polyethylene glycol (PEG).
interfacial integration was developed. The chondral phase was a PEG hydrogel. The osseous phase was a 3-TCP
ceramic scaffold. The PEG hydrogel was directly cured on the ceramic interface layer by layer to fabricate
osteochondral scaffolds by 3D printing technology. Meanwhile, a series of interface structure were designed
with different interface pore area percentages (01 30/ /6

for interface structure optimization (n = 6 samples/group).
group was nearly three folds improved compared with that of 0% pore area percentage group, and more than
fifty folds improved compared with that of traditional integration (5.91
metic PEG/-TCP scaffolds with interface structure enhanced integration show promising potential application
for osteochondral tissue engineering.

-tricalcium phosphate ([3-TCP) scaffold with enhanced

/ , and interfacial shear test was applied
he interfacial shear strength of 30% pore area

0.59 kPa). In conclusion, the biomi-

© 2014 Elsevier BV. All rights reserved.

with cartilage in “comb-anchor” [ 11] or interdigitations to reduce stress
concentrations [12], our previous study also confirmed the presence
of gomphosis and hole like structure on native subchondral bone
plate [13,14]. However, interface structure was seldom considered in
available biphasic osteochondral study.

Stereolithograhy (SL) is an accurate and easy-to-use 3D printing
technology Lo fabricate complex structures individually in a manner of
layer by layer [15]. Poly(ethylene glycol) (PEG) hydrogels have been ap-
plied extensively for in vitro and in vivo cartilage tissue engineering
[16-18]. Our previous study showed that PEG hydrogel with desired
mechanical property could be prepared via controlling the concentra-
tion of PEGDA (PEG diacrylate) solution and stereolithograhy parame-
ters | 19], thus it is feasible to integrate the PEG cartilage phase directly
with underlying osseous part using 3D printing technology.

In the present study, we developed a new PEG/(3-TCP osteo-
chondral scaffold integrated via biomimetic interface structure
design and 3D printing technology. The interfacial shear test was
carried out to determine which structure could be efficient to
enhance interfacial integration. We believed that the interface en-
hanced hydrogel-ceramic osteochondral scaffolds could provide sta-
ble environments for osteochondral regeneration.
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Conventional ligament grafts with single material composition cannot effectively integrate with the host bones
duc to mismatched properties and eventually affect their long-term function in vivo. Here we presented a
multi-material strategy to design and fabricate composite scaffolds including ligament, interface and bone
multiphased regions. The interface region consists of triphasic layers with varying material composition and po-
rous structure to mimic native ligament-to-bone interface while the bone region contains polycaprolactone
(PCL) anchor and microchanneled ceramic scaffolds to potentially provide combined mechanical and biological
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ﬁ?::ﬁtm-hone implant-bone fixation. Finite element analysis (FEA) demonstrated that the multiphased scaffolds with interfer-
Multiphased scaffolds ence value smaller than 0.5 mm could avoid the [racture of ceramic scalfold during the implantation process,
Fixation which was validated by in-vitro implanting the multiphased scaffolds into porcine joint bones. Pull-out experi-
PCL anchor ment showed that the initial fixation between the multiphased scaffolds with 0.47 mm interference and the
Interface host bones could withstand the maximum force of 36031 97.51 N, which can be improved by reinforcing
the ceramic scaffolds with biopoly s Itis that the scaffold could potentially induce
the regeneration of a new bone as well as interfacial tissue with the gradual degradation of the scaffold and sub-

sequently realize long-term biological fixation of the implant with the host bone.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction bone fixation might depend on the regeneration of multiple tissue

In vivo, anterior cruciate ligament (ACL) strongly integrates with
bone tissue through a transition fibrocartilage interface, which plays
an important role in minimizing stress concentrations during
load transmission between the dissimilar tissues of ligament and bone
[1.2]. As one of the most frequently injured ligaments, ACL has very lim-
ited self-healing potential. Ligament grafts were commonly used to re-
store the biological functions of injured ACL. For most of the existing
ligament grafts, they were clinically inserted into bone tunnels and me-
chanically fixed with the host bones using interference screws. The mis-
match between soft ligament grafts and hard bone tissues in mechanical
and biological properties has been found to induce the formation of scar
tissues and eventually hinder the osteointegration of implanted liga-
ment grafts, which has been considered as one of the crucial issues for
graft failure [ 3]. Although several strategies have been developed to pro-
mote osteointegration by incorporating osteoinductive factors {e.g.,
bone morphogenetic protein, hydroxyapatite) or altering structural or-
ganizations at the graft insertion site [4-7], long-term stability of graft-

* Corresponding author.
E-mail address: jiankanghe@mail xjtuedu.cn ([. He).

heep: icx.doi.org/10.1016:].msec.2015.01.088
0928-4931,@ 2015 Elsevier BV. All tights reserved.

interface,

Interfacial tissue engineering has shown great promise in
regenerating ligament;/bone interface by using graded or multiphased
scaffolds either with distinct material compositions or seeded with mul-
tiple cell types [8-11]. Spalazzi et al. | 12,13] developed a triphasic scaf-
fold that contained soft ligament region, intermediate fibrocartilage
region and hard bone region to mimic native ligament insertion. The
triphasic scaffolds pre-seeded with multiple cell types of osteoblast,
chondrocytes and fibroblast were found to support zonal cellular distri-
bution, facilitate phase-specific matrix deposition and finally enable
multi-tissue regeneration in vitro and in vivo, Electrospun nanofibrous
scaffolds with material or/and structure gradients were also investigat-
ed to facilitate interface regeneration [14-17]. Although some promis-
ing progress has been achieved in these preliminary attempts, few
strategies have been reported so far to effectively incorporate these
multiphased scaffolds into ligament grafts and simultaneously consider
their initial fixation with the host bones.

Here we sought to fabricate a multiphased ligament/bone composite
scaffold mainly including biodegradable polycaprolactone (PCL) anchor,
microfluidic bone tissue-engineered scaffold, microfibrous ligament
graft and biomimetic interface, which could provide initial mechanical
implant-bone fixation and potentially facilitate new bone ingrowths
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The interest in magmetic surgery has incressed over the past
decade following the development of minimally invasive
procedures.

ﬂ-'izgnrt'u: surgery 5 defined as sulg:it’:i] treatment h:,-'

utilz of Tinology.

Specifically, magmetse surgery includes but is not Emited
to magnetic compression anastomosis (Magnamaosis),
Jltiglletit i.ll.l.'hu:l'i.ﬂ! tl:l‘_‘hnil.]ue, :III.i!II.EtiC nivigztiml
technique, magnetic sphincter augmentation, self-
assembling magnets for endoscopic intestinal bypass,
magnetic compression ostomy, correcton of congenital
d:ﬁ:u’nliﬁz&, ete. Ma.pleh'l: SuTgery 1% ﬂn‘:luphlg :mpcid.l:,' and
ereated o new surgical held,

The advantages of magnetic compression anastomosis

(I} Easily applied to minimally-iovason procedisres;

{IV} Self-assembling for ereation of anastomosis;

(V) Self-adjusting according to individual tssue
thicknes.

The disadvantages of magnetic compression anasmumosis

include:

(I} MRI inspection is limired,

{Il’} ."L]:l]:ll:i cation may be limired pit:iznl:i with
pacemakers;

(I} Magnetie foree is difficult to be precisely
controlled;

{“—r} Paossible side effects of lmlg—term expasure to
magmetic held {2 vet unknown).

The principle of Magnamosis of hollow viscus is based

inchude:
ﬂ'} Nu:l—pzlu:tratiug L‘nmprzs:inn an::mmngis,

on the natural process of tdssue remodeling and healing.
A constant pressure is exerted on the =]:pn5ed walls of

I3 iy 1 two viseeral segments by magnetic devices leading to
(I} Dncision-lets and swhore-les anastomosss; transmural ischemia, necrosis, and healing with, finally,
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Abstract

Merwarks af molecular interactions explain eomplex biolagieal processes, and all knewn information en molecular
events is contained in a number of public repositories including the seientific literarure. Metabolic and sigmalling pach-
ways are often viewed separately, even though bath types are compesed ol interactions invalving proteins and
other chemical entities.

It iz pecessary vo be able to combine dara from all available ressuress o judge the funcuonality, complexity and
completeness of any given nerwark overall, but especially che full integration of relevant information from the scien-
tifie liverature is still an ongoing and comples task.

Currently, the text-mining research community is steadily maoving towards processing the full body of the scientific
liverature by making use of rich linguistic features such as full west parsing, to extract biological interactions. The
next svep will be to combine these with information from scientific darabases to support hypothesis generation for
the discovery of new knowledge and the extension of biolegical nevworks.

The generation of comprehensive netwarks requires technologies such as entity grounding, eoordination resalution
and co-reference resolution, which are not fully selved and are required to further improve the quality of results.
Here, we analyse the state of the art for the extraction of netwark information from the scientifie iterature and
the evaluation of extraction methads against reference corpora, diseuss challenges involved and identify directions
for future research.

Keywords: 1ext minmg; melwark exLraciion; event extroction

INTRODUCTION

A biclogical nerwork & represented in a graph struc-
ture composed of nodes that denote biomolecules
and edges berween the nodes representing the inter-
actions or reactions between  the  biomolecules,
Nerwork represenialions serve many purposes in
bioinformarics, and most impurmml:..', nerworks ane
wied o judge the functional behaviour of interaction

nerworks on the molecular level. MNetwork represen-
rations are used o simulate, analyse and visualize the
responses of protein nteraction networks, metabolic
pathways, specific symapses and even whole systems
such as an organ, e.g. the liver or the brain. Studying
the topological structure and the functional regpodnses
of such systems amms w reveal yer undiscovered
mechanisms that could explain or improve specific
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development of public services.
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Drug-receptor imteraction plays an important role in a series of biclogical effects, such as cell pro-
liferation, immune response, tumor metastasis, and drug delivery. Therefore, the research on drag-re-
ceptar interaction is growing rapidly. The equilibrium dissodation constant (Kn) is the basic parameter to
evaluate the binding property of the drug-receptar. Thus, a variety of analytical methods have been
established to determine the Kp values, including radicligand binding aszay, surface plasmon resonance
method, Auorescence energy resonance transfer method, affinity chromatography, and isothermal G-
tration calorimetry. With the invention and innowation of new techmology and analysis method, thereisa
deep exploration and comprehension about drug-receptor interaction. This review discusses the differ-
ent methods of determindng the Kp values, and analyzes the applicahbility and the characteristic of each

t— analytical method. Condusively, the aim is to provide the guidance for ressarchers to utilize the meaost
FRET approprizte analytical toal to c!:hemmeme K values. . .
Affinicy chromatcgraphy & H01& Xi'an Jlactong University. Production and hosting by Elsevier B%. This is an open access article

under the €€ By-MC-ND license [hitpj/creativecommons.org)licenses) by-nc-nd [4.0/)

Radialigand binding aszay. . .
Zurface plasmon resonance technigee .
Affinity chromatography ..
Fluorescence energy rescnance transfer method
lIsothermal titration calorimetry
. Comdusicn
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1. Introduction effects, such a8 immune response and cell proliferation |1-3).

Therefore, it is very necessary 1o siudy the interaction between

The type of drug target is divided into receptor, enzyme, nucleic
acidl, and so on. There are about 40% drugs which intersct with the
corresponding receptors in order o exert their pharmacological
effects. When the Lgands (first messenger) combine with the
corresponding receptor, a signal cascade resction ocours through
the second messenger in the cell, resulting in a series of bokagical

Feer review under responsibilicy of Xi'an Jiaotong Usiversing.
* Cormesponding utted
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drugs and receplors, which contributes o understanding the
meclanisis of drugs |4-3]. The equilibriem dissociation constant
[Kp) is the basic parameter to evaluate the binding properties ol
the drug-receptor |9=11]. Thus, it is of great importance o de-
termine the K values of the drugs.

A variety ol analytical methods have been established to de-
termine the Kp values sinee the 19605, including radicligand binding
assay (RBA) [12], surface plasmon resanande (SPR) | 13 |, lheorescence
enengy resonance fransfer method (FRET) |14], affinity chromaro-
graphy | 15), and isothermal titration calocimetry (TTC) | 16].

1779w 218 X an Jaowng University. Production and hoaing by Elsevier BV, This & an open aocess amicle mder the ©C BY-NC-NI Brense
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Unsupervised MR-to-CT Synthesis Using
Structure-Constrained CycleGAN
Heran Yang®™, Jian Sun®™, Member, IEEE, Aaron Carass™, Member, IEEE, Can Zhao",
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and Zongben Xu

Absiraci— Synthesizing a CT Image from an avallable
MR Image has recently emerged as & key goal in radie-
therapy treatment planning for cancer patlents. CycleGANs
have achleved promising results on unsupervised MR-1o-CT
image synthesis; however, because they have no direct
constralnts between Input and synthetic Images, cyche-
GANs do not guarantes structural consistency bebween
these two Images. This means that anstomical geome-
try can be shifted in the synthetic CT Images, clearly a
highly undesirable outcome in the glven application. in this
paper, we propose 8 siructure-constrained cycleGAN for
unzsupervised MRA-1e-CT synthesis by defining an exira
structure-cons! loss based on the modality indepen-
dent neighborhood descriptor. We also utilize a spectral
normalization technigue to stablliize the training process
and a self-attention module to model the long-range spatial

les in the synthetlc iImages. Results on unpaired
brain and abdomen MA-to-CT Image synthesis show that
our method produces better synthetic CT Images in bath
accuracy and visual quality 8s compared to other unsuper-
vised synthesis methods. We also show that an approsi-
mate affine pre-reglstration for unpaired training data can
improve aynthesls resuls.

Index Terms—MRA-to-CT synthesis, CycleGAN, deep
learning, MIND.

. INTRODUCTION

OTH magnetic resonance (ME) and computed tomog-
raphy (CT) images are essential and widely uiilized in
radiotherapy treatment planning (RTF) [1). [2). For structural
imaging with excellent sofi-tissue contrast, MR imaging is
good ar precisely and reliably locating mmours and organs.
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However, MR images do not directly provide eleciron density
informartion, which is indispensable in RTP for cancer patiends.
Although CT images provide electron density information,
they lack good sofi-tissue contrast. The acquisition of both CT
and MR images of the patient is therefore nsually parnt of the
clinical workflow [3]. But acquisition of both images is time-
consuming. costly, and requires accurste MRACT registrations
for optimal wiility of the pair. If acquisition of the CT scan
could be omitted in RTP, it would avoid these difficulties
and also prevent the potential harmful effects of radiation
exposure [4].

A variery of approaches have been proposed 1o synthesize
a CT image from an ME image using pafred MR and CT
atlases, ie., the pre-scquired pairs of non-rigidly aligned
MR and CT volumes from the same patients [5]-14]. For
example, Nie er al [12] mained a 3D fully convolutional
network (FCNp osing an adversarial learning strategy and
then iteratively refined the synthetic CT resulis via an auio-
comtext model. Although these methods can produce good
synthetic images, they rely on a large number of paired
CT and MR images, which are hard o obtain in praciice,
especially for specific MR tissue contrasis. To relax the
requirement of paired training data, Wolierink e al [15]
proposed the wse of a cycleGAN [16] for unpaired MR-10-CT
synthesia. This approach uses a convolutional newral nerwork
(CNN) o leam the MR-to-CT mapping with the help of
an adversarial boss which encourages synthetic CT images
w look like real CT images. A second CMN iz used w
map the synthetic CT back 1w the ME domain, and a cyele-
consistency loss forces this reconstructed image o maich input
MR image.

However, cycleGAN cannot guarantee the structural con-
astency between synthetic and input images due to the lack
of direct constraints between these two images. As shown
in Fig. 1, the reconstructed MR image is almost identical
o the imput MR image, indicating that cycle consistency is
maintzined, but the synthetic CT image is quite different from
the ground truth, especially in skull region. This shows that the
structure of the synthetic CT image is not consistent with that
of the inpur MR image. To overcome this, Zhang &1 al. [17]
uwsed an extra loss o force the segmemation of synthetic
image 1o be the same as input image by raining mvo auxiliary
segmentation networks. This requires a training dataset with

ibution requires [EEE parmission.
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Additive manufacturing has attracted much attemtion to generate structares containing ordered cells and
custamized shapes with various materials. A simple method was proposed to develop net-shape cellular
carbon microstructures (CCMs) with controllable low shrinkage by using stereolithograply. The polymer
architectures, made of photosensitive resins, and sodium dhlonde were directly used as carbon pre-
cursors amd granular suppart during carbondzation, respectively. In addition, graphite powder was
introduced into the granulir support, which significantly enhances the medhanical property and elsce
trical conductivity of the CCMs. and low graphite content bhas no significant effect on the valume
shrinkage. The extremely high-porasity CCMs without distortion and breakage werne obtained, showing
cotrallable low volume shrinkage [443%—52%) with extremely bow carbon yield [65). The microstrocturne,
mechanical property and elecirical conductivity were measured and compared. It was found that the
CCMs with graphite particles attaching on their surfaces show smooth surfaces with fewer defiects, and
|possess great mechanical property {compressive stress and elastic modulus are 0036 Mpa and 239 Mpa,
respectively] and electrical conductivity (043 S/cm), which makes them promising materials for many

2 July 2007
Auailable cading 14 July 2007

|potential applications.

© 2017 Elsevier Ltd. All rights reserved.

L Introduction

Porous carbon structures, noted a8 carbon foams, have found
many applications including catalyst materials for chemical re-
actions | ||, containers Tor thermal energy storage |2—4 |, electrode
materials lor batteries | 56|, materials for electromagnetic shielding
|7, absorbers for organic salvents 9] This is artributed o the
distinctivie and excellent properties of carbon foams, eg light
wieight, high interconnected parasity, good thermal and ebectrical
conductivity and hydrophabic property.

In most cases, carbon foams can be classified into graphitic and
glassy types based on graphitization degree. As reported in the
lterature | 10], the preparation processes of carbon foams, despite
graphitic or glassy, mainly include foaming with carbonization,
remplate carbonization and athers. Many graphitic carbon loams
wiere produced by applying loaming method on coal, coal tar pitch
and petroleum pitch, which have good mechanical progerty, good
thermal and electrical conductivities, bul low poroesity and un-
contrallable random cells | 11-13]. There s an increasing interestin

= Comespanding authar.
E-migl gebfrees; yaiongliu@s3.com (Y. Liu}l

hop: i doiong W0 16 carbond 07043
D008 532340 00T Elsewter Lrd. All righes resenved

preparing highly porous carbon foams with random cells by paly-
urethame [PU-emplate method with virious precursors (eg.
phenal or resorcinol-Formaldehyde resin |3,14—16], furfural resin
|17), polyimide | 18] and pitch-based materials [19,20]1 Further-
more, several recearchers reported simple methods to fabricate
carbon loams by dired carbonization of melamine foams which
have extremely low density and high pososity |E.2|. However, high
shrinkage and deformation appear due to the bow carbon yield of
melamine (~9%). All these random carbon foams resull in some
beneficial properties, however, some disadvantages may oocur, like
uncontrollable macro shapes, random cell structure, even high
shrinkage and deformation.

It has been shown that the material utilization and properties
can be dramatically improved by introducing ordered cells 2122
wihich can be easily fabricated by using additive manufacturing.
However, only a limited number of investigations regard 1o the
preparation of carbon cellular structures by using  additive-
manufactured polymer structures in recent years. This i due 1o
the fact that the polymers applied 1o additive manufacturing are
mostly thermoplastic, or have a considerable weight loss during
carbonization, like the photosensitive resins |23 A Secrurek e al.
[ 24| ammempted to develop carbon periodic ceflular structures wnder
hydrothermal  conditions by using  3D-printed  polymer
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Kpwonks: Post-surgieal residual tumor cells are the primary cause of relapse and peogression of cancer bat ueforunately,

Poutcperative Ssmoe tnestment there are Nmited therapewic options. In this work, a fillabde plasma-activated biogel is produced on a thermo-

Surface dachacgs phuces sensitive biogel [(Poly-Di-lactide){poly-cthylene glycal)-(poly-DL-dactide), PLEL] with the aid of a discharge

'I""'“'"I:':;' plasma for Jocal post-operative treatment of cancer. in vivo data show that the plasma-activated PLEL bicgel
(PAPB) eliminates residual tumor tissues aftes removal surgery and also fnhibirs in sl recurrence while showing
no evident systemic toxicity. the PAPE excellent storage allows for slow release of
plasma-genemted reactive oxygen species (ROS), and exhibits good ROS-mediated anticancer effects & vizro. Our
results reveal that the novel plasma-activated bloged Is an effective therapessic agent for Jocal post-opesative
tresament of cancer.

1. Introduction peoper dase can kill cancer cells selectively but pose little deleterious

Surgery is the preferred means to treat most cancers but its success
hinges on the extent of tumoar resection [1,2], and past-surgical residual
cancer cells constitute the primary reason for the failure of surgical
unmmTuunprmetheeﬁdemynfmm(heﬂpy.dum«hmpy

diotherapy is often perfc d after surgery but serious side effects
mdcnmphadmsmxyrlse['l] Although chemotherapy or radio-
ﬂwﬂpyanelimluhemponnswglnl residual cancer cells, the
drug. and radio cells left behind can cause in sity tumor
recurrence and even cancer m Normally, these residual
past-surgical cancer cells are d pri ly at the op
location before relapse and progression of cancer [5]. In this respect,
new treatments against local past surgical residual tumar cells (tissaes)
besides chemoth and radiotherapy are highly desirabl

Cold B plasma technology is a viable cancer
th:npymwhlchnﬂdauvemmdulmmmum
triggered without thermal damage [6,7]. Recent studies on the use of

plasmas for cancer therapy demonstrate that plasma irradiation with the

* Corresponding asthor.
E-madl address: Ludiogxind mallajrneducn (D, Lin).

hewps: //dol.org /10,1 00675 biomatertals. 2021121057

effects on parmal cells [£,9]. Furthermare, the clinical antitumor effi-
myi\paimtswﬂﬂilsfmmbﬂdlndnmkcmmdunhe
plasma is an effe strategy in [10,11]). The pri-
mxycﬂuuindumdhyplmmmplnﬂmwﬂlmydm'e
oxygen species (ROS, such as HzOz, Oy, OHe, NO; ', 02, ONOO-

“/ONOOH) [7,4]. liy, ROS at low mediate mul-
tiple cellular ! h and bol but show
cellnhtmxrnyuhlghcmuabm(._'] ln:wellh\mwnﬂmma
cells produce ROS vig their aby lly active Iting in a

higher level of endogenous ROS in cancer cefls compared to normal cells
[173,14]. The higher endogenous ROS levels cause cancer cells to reach
the lethal threshold soaner, while the stress induced by plasma-triggered
ROS is tolerable in normal cells [15). despite the p :

anticancer effects, chrnlﬂbpdmdmmduulogynilfxu
several hurdles. First of all, the penetration depth of plasmas in tissues is
usually less than 1 mm [106,17] and therefore, a supplementary surgical
treatment is usually necessary because these deeper tumor cells cannot
be imadiated directly [15]. Secondly, although the use of

Received 23 March 2021; Recelved In revised form 14 July 2021; Accepied 4 August 2021
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Nanoscale Surface Topography Reduces Focal Adhesions and
Cell Stiffness by Enhancing Integrin Endocytosis

Xiao Li', Lasse H. Klausen', Wei Zhang. Zeinab Jahed, Ching-Ting Tsai, Thomas L. Li,
Bianxiao Cui
Department of Chemistry, Stanford Universily, Stanford, California 94305, United States

Abstract

Both subsirate stiffness and surface topography regulate cell behavior through
mechaneiransduction signaling pathways. Such intertwined effects suggest that engineered
surface topegraphics might substitute or cancel the effects of substrate stifficss in biomedical
applications. However, the mechanisms by which cclls recognize topographical fieatures are not
fully understood. Here we demonstrate that the presence of nanotopography drastically altess cell
behavior such that newrons and stem cells culiured on rigid glass substrates behave as if they were
on soft hydrogels. With atomic force microscopy, we show that rigid nanotopography resembles
the effects of soft hydrogels in reducing cell stiffiess and membrane tension. Further, we reveal
that nanotopograply reduces focal adhesions and cell stiffncss by enhancing the endocytosis and
the subsequent removal of integrin receptors. This mechanistic understanding will support the
rational design of nanotopography that directs cells on rigid materials to behave as if they were on
soft ones.

Graphical Abstract
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Targeting and Covalently Immobilizing the EGFR through SNAP-Tag
Technology for Screening Drug Leads
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ABSTRACT: Memb tei bilization is particularly significant in in vitro
drug mnngamidﬂemmmg dmg—-m::ptor mt:tuhons. However, theumsnl
some probl in the i bilization of P with lable di
andhﬂ:mfomahmalﬁabuhymtymd "', Cell by ch

Ll Metrics & Moce |

raphy (CMC) retains the of \:
However, conventional CMC has the limitation ofpoor stabihly, vdn:h results in its
limited life span and low reproducibility. To this ki we p

mduﬂbc&espmﬁcmluﬂmmbﬂmofmmhummal
membranes. We used the SNAP-tag as an immobilization tag fused to the epidermal

growth factor receptor (EGFR), and Cys145 located at the active site of the SNAP-tag e
reacted with the benzyl group of 0F-benzylguanine (BG). The SNAP-tagged EGFR was . .__zl_’ P . R .::-(-_
qmzd in HEK293 cells. We captured the SNAP-tagged EGFR from the cell ”qm--';'_-. g

onto a BG-den modified silica gel. Our immobilization
nrwewwedﬂnhfespmuﬂqnuﬁnqnfCMCmdmmnedlosofmty

and cific of p Next, a SNAP-tagged EGFR/CMC online HI'L(.:[T TOF-MS sp‘tem was established to
mmEGFRamagummfmmEpmdufohmlmm. gnofl i B, and epimedin C were d in this model, and
d that magr d muldlnhbnmcelmbywmdeGFR.mEGFR

mmnbﬂmmnmﬂwdnuyopenupponlb&uafwthemnwﬂuamofodxummh:neFotensamlhasthepﬂ:nlnltoum
for

as a useful p

1

g Jeads from natural medicinal herbs.

1 "

fhicient screening of active mgred:ents i c y

recognized as a key in the h and

graphy, P leave the lipid environment,'*

e ;c !hm activity ln some extent. Contrastingly, cell

d:vebpm:nt of high-efficiency drug leads. Lead compounds in

{CMC) the activity of

natural drugs, dlulhouuzdmtndmonal Chinese ﬂumﬁmoﬁlh:cellmmhane“(.MCnatypeofho
medicine, have received sderabl rapid affinity chromatography, in which the cell membrane stationary
screening and identification of blologal]y xuve :cmgonmn phase (CMSP) is prepared by i bilizing cell b
&om ﬂihlﬁl ducts remain a i High- oonumlng special n:ce‘pton on nha.""” As unique natural
ghp ing of active ingredi with their als, cell ior to syntheti
has b a challenging scientific problem in this field biopolymers and single Im:lopul man:ron»lecnles in many
Membr:nepm(:lnsmmprhtgtufnrdmgduavuyuad aspects because they have a plete biological anda

d:v:lopm:nx_ Among the currently marketed drugs, about
50-60% of drugs use membrane proteins to exert their
effects.”™” However, there are still many dullenges in
discovering drugs that target b |
the limited avaibibility of eff ethods for 3
drug—protein interactions hinders the discovery of poh:nhal
drug candidates.
Bio sfimty chromatography targeting eniy

cell b and anti is an hod for
the active mgrtdxnts of dmg"" Amang thesc
the major chall of affinity

is the reqnnmem o( pmlm; targets with high punly, amvny
and high stability;'" this is because obtaining a stable, active
by protein is markedly difficult. In receptor chroma-

Y

hod.

© 2027 Ameran Chemical Soclety
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complex interface and cannot be easily mplnaud in other
ways. Typically, the binding force between the cell membrane
and silica gel in the CMC model is hydrophobic
tnl:nmm"-:‘ With the use of 3 CMC column, the cell
dually detach fmmlh:nl:ugd,rsdnngma
shnnhftspmandkrw" y-*** Therefore, the
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Mechanics-driven nuclear localization of YAP can
be reversed by N-cadherin ligation in mesenchymal
stem cells

Cheng Zhang® 2", Hongyuan Zhu® 27, Xinru Ren™?, Bin Gan?, Bo Cheng'?, Shaohao Liu* Baoyong Sha®,
Zhanging L2, Zheng Zhang'2, Vi Lv®, Hachua Wang® Hui Guo’, Tian Jian Lu®® Feng XuZ
Guy M. Genin® 2512 & Ain Ling 122

Mesenchymal stem cells adopt differentiation pathways based upon cumnulative effects of
mechanosensing. A cell's mechanical microenvironment changes substantially ower the
course of development, beginning fram the early stages in which cells are typically sur-
rounded by other cells and continuing through later stages in which cells are typically sur-
rounded by extracelluler matrix. How cells erase the memory of some of these mechanical
microenvirenments while locking in memory of others iz unknown. Here, we develop a
rmaterial and culture system for modifying and measuring the degree to which cells retain
curnulative effects of mechanosensing. Using this system, we discover that effects of the
RGD adhesive motif of fibronectin (representative of extracellular matrix), known to impart
what iz often termed “mechanical memory® in mesenchymal stem cells via nuclear ¥ A&F
localization, are erased by the HAVDI adhesive motif of the M-cadherin (representative of
cell-cell contacts). These effects can be esplained by a motor clutch model that relates
cellular traction force, nuclear deformation, and resulting nuclear ¥ AP re-localization. Results
demonstrate that controlled storage and remowal of proteins associated with mechanical
memory in mesenchymal stem cells s possible through defined and programmable material
systems.

! The Key Laboratory of Biomedical Information Engineering of Ministry of Eduration, School of Life Science and Technology, ¥i'an Sactong University, Xian
0049, People's Repusiic of China 2 Biginspired Enginesring and Biomechanics Center (BEBC), ¥i'an liaotong University, Xian 710049, People’s Repubiic of
China. * Department of Endowrinology. Second Affiliated Hospital of Air Force Wilitary Medical University, X0'an 0038, Pecgle’s Republic of China. * State
Key Laboratary of Mechanics and Contral of Mechanical Structures, Manjing University of Aeronaatics and Astronaattics, Manjing 210016, People's Republic of
China. 5 Schodl of Basic Medical Science, Xi'zn Medical University, ¥an 79002, Pecple's Republic of China. ® Mational Local Joint Engineering Research
Center for Precision Surgery & Regenerative Medicine, Shaanxi Provincial Center for Regenerative Medicine and Surgical Engineenng, The First Affilated
Hospital of ¥i'an Niaotong University, Xian, People’s Republc of China ?Dma'trru:rl of Medical Oncology, The First Affilated Hospital of Xi'an Kaotong
University, Xian 710061 Shaar, People’s Republic of China. ® MOE Key Laboratory of Muitifunctional Materials and Structures, Xi'an Jizotong University,
Xfan 710049, People’s Repubic of China * Department of Mechanical Enginsering & Materials Science, Washingtan University in 5t. Louis, St Lowis £3130
M, LSA. “NEF Science and Technology Center for Enginesring Mechanobiology, Washington University in St. Louis, 5t. Louis £3130 MO, USA. "These
authors contributed equally: Cheng Zhang, Hongyuzn Zhu. ®emait minlingxjbu edwon
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Variational HyperAdam: A Meta-Learning
Approach to Network Training

Shipang Wang@, Yar ‘(angﬁ’, Jian Sun®, Member, IEEE, and Zongben Xu

Abstract—Siochastc oplimization algorithms hawe been popular far
approach af leaming-based optiminer, which has achieved promising
box lkeaming-based optiminers da not fully ek ad of the

training desp neural netwarks. Aecently there emenges a new
pufomurmhr training neural networks. Howeves, these black-
in Frurmean-d | optimizers and heavily rely on lsarning

fram meta-training tasks, therefore have imited penerakzation ability.

In this paper, we propase & novel optimizern, dubbed s Variatioral

HyperAdam, which is based on a parametnc generalized Adam algorithm, e, Hyperddam, in a variational framewark. With Vanational
Hypardam s aptimirer for training neural netwark, the parameter update vector of the neural network a1 each training step s
cansidered &s random vanable, whose appraxmate posteriar distribultion given the training data and cunrent network parameier wectar
is predicied by Variational Hyperhdam. The parameber updaie vector for network training is sampled from this approsimate poste o
distribution. Specifically, in Varational HyperAdam, we design a leamable generalized Adam alganithim far estimaling expectation,
paired with a VarBlack for esimating the vasiance of the appnoimate postenor distribution of paramseiler update vector. The VariaSanal
HyperAdam is leamead in a meta-leaming approach with meta-fraining loss derved by variational inference. Experiments verify that the
learned Variational Hyperidam achieved state-of-the-art network training pesfarmance for various types of networks on different

datasets, such as multlayer parcapdron, CHM, LSTM and Reshel.

Irshax T k training, ms

g, bearring to optimine, variational inference, variational hyperadam

*

1 INTRODUCTION

Ih recent vears, we have witnessed the powerful capability
of deep learning approach in feature learning [11 [2], dis-
tribution estimation [3], ete Il'ep Ianrn]ng not nnly
achieved impressive performance In varlous research areas,
such as image analysis [4], [5], [8], speech recognition [7],
robaotics [8], but also attracked extensive atbentbons from
industry for incorporation into products.
Training deep neural networks is an important task in deep
leaming research. It requires the network optimizer to be gen-
eralizable to different datasets and varying network architec-
tures, eg., network type, depth, width, activation funchons,
ete. Specifically, given a netwaork f(-, w), the alm of network
training is to find the optimal netwaork parameter vector w” by
minimizing the empirical loss on the training dataset T

= arg min Z Wz )y, (1)

[z ot

Shipereg Wang awd Yan Yang are with the School of Matkematics awd
Statistics, X'an Jiaotong University, Xi'aw, Shaanod 71042, Cleina,
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Jian Sen and Zonghem Xie are with fhe School of Mathematics avd
Sratistics, Xi'am fiotorg Wniversity, Xi'an, Shamuc 710043, China, with
tive Mations! Engimeering Laborstory of Bip Data Algorithms and Analysic
Tecknodogy, Ni'aw Jiantong Usiversity, Xi'an, Skamue TI0MS, Ching, and
it ooitle B Pazhon Lab in Gasregzhiou, Cuangeony 510335, China.
Eeomunilt [jirassaon, b Rl e oo,

Mlanuscript recerved & fan. B0 revised 27 July 2000, accepied 14 Feb, 2021,
Diate of publication 23 Feb_ 70 ; date of currest vevsion 1 July 2022
{eorresponding awthor: fime Sum.)

Recommerded for acory by T. Line P2

Dugutal Qyject Idertifier no. 101109 TPAMI XX 3061587

where I[,-] is the loss function and = is training data with
label y in T For deep neural networks, the IranJ.ng liows is
l'uBlll}' non-convex, and the mumbers of network parameters
and tralming data are commonly large. These characteristics
bring challenges on designing an effective oplimizer for net-
work braining.

In this paper, we denote the network to be trained as
learner, the training loss of the learner as optimizes. The net-
work training algorithm is dubbed as ophisizer, which is
used bo oplimize the network parameter of the leamer by
minimizing its corresponding optimizes. The gradient-
based optimizer can be regarded as a function O that maps
the gradient g, to the network parameter update vector d, at
the tth tralning step:

dy (6] = (g, H,. B, (2
where H, represents the historical gradient information,
such as E(g,) and E{g7), and & represents parameters of the
optimizer, including but aot limited o the leaming rate.

Traditionally, stochastic gradient descent (SGD) [9] and
its varlants, such as Momentum [10], RMSProp [11], Ada-
Grad [12], AdaDelta [13] and Adam [14], are the most pop-
ular optimizers with good generalization ability to various
network architectures and datasets. Unlike SG0, Momen-
tum [10] takes the historical gradient information into con-
sideration in designing the parameter updating rule.
EMSprop, AdaGrad, AdaDelta and Adam are designed
with adaplive learning rates. Among them, Adam is
widely used in network training, and it takes the unbiased
estimation of second moment of gradient to act as adaptive
learning rate. However, this may introduce additional
hyperparameters, e.g., exponental decay rates gy in

o E£E
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A one-pot CRISPR/Cas13a-based contamination-free biosensor for low-cost

=

and rapid nucleic acid diagnostics
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ABSTRACT

Keywards:

CRISHR ol Sa

One-pot remcson

Nacleic ncid dignaatics
Comtaminaticn-froe detection
Low-cost detection

The pandemic due 10 the outtveak of 2019 carcoavirus disesse (COVID-19) caused by novel severe acate res-
plratoey syndrome coronavirus-2 (SARS-CoV-2) has radsed ficant public health Rapid,
and accurate diagnostic testing not ooly paves the way foe the effective treament of disesses, but also plays a
crucial role in pn ng the g of diseases. Heredn, 4 one-pot CRISPR/Casl 3a-based visual
was and ﬁumempldnahwmnmkkammmmnymmgmuh
cleavage and (RPA) in a one-pot reacticn I a disposable tube-ln-tube
vessel, ampll could be ipletely avaided. The RPA reaction Is carried out in the Inzer
tube containing two hydrophobic holes ar the botom. Aftér the completion of amplification reaction, the re-
Action solution enters the outer tube contiining pee-stored Cis13a reagent under the action of centrifugation o
shaking. baner and outer tubes are combined to form an independent reaction pot to complete the nucleic acid
detection without opening the 15d. This newly developed nucleic acid desection method not only meets the need
of mpid nuclede acid detection at home without the need for any speclalized equipment, but also fulfils the
requirement of rapid on-site nucledc acld detection with the aid of small automated instruments. In this study,
lehmﬂmmlhmmwmﬂlylhﬂulhhﬂllyn(lﬁeklehwnne”mﬂdtldd
method. The af the system was vesified by detecting the DNA virus, Le., African swine
fever virus (ASFV) and the RNA virus, L.e., SARS-Cov-2. The results indicate that the proposed method possesses a
Hmdt of detection of 3 copy/ul. The negative and positive test results are consistent with the pesules of real-time
«chain reaction (PCR), but the time sequired Is shorter and the cost is Jower.
Thaus, this stady mmmﬂm‘vﬂhﬂemmlmmﬂmhmmdmxkamg
and in case of epidemic ombeeak.

1. Introduction

2021). The current epédemic of COVID.2019 is fierce with high infection
rates and high requirements for the turnaver of nucleic acid detection.

Frequent and large-scale infectious diseases exhibit a significant
performance impact on the social stability and economic development,
leading to the intermatiomal or regional health crises. In particular,
coronavirus disease (COVID-2019), which broke out at the end of 2019,
has spread in more than 200 countries around the warld, with more than
250 million confirmed cases (Sicber et al., 2021). Almast all infectious
diseases are caused by nucleic acid pathogens (except in rare cases such
updm‘skd\m‘nm.pimogmspcﬂ'tnndekadds(RNAuDNA)m
often used as the “gold d” biomarker far the di of infec
nmdmﬁmjﬁm&ﬁxﬂmmdmpiddnymﬁ:mh;m
oaly paves the way far effective treatment of diseases, but also plays a
crucial role in preventing the spreading of infectious diseases (Wei el al,

* Coevespondiag author.

E-mail address: ocpeogd mallxjneeducn (N Peag).

hewps://dol,org 10,1016/ bios 2022.113994

Moreover, the strong latent characteristics ofOOV]DQOW indln!c that

highly rapid diags and an-site ng of suspected pa-
ncmsandchsemmamnedmbcﬂzﬁcdoutmmmmpmx
and other places.

‘l'omcctd:z of d i itivity and

lysis, the 1 babde i hods, eg., realti

ﬂmquammmk lmnmcmmgmqullmupu»
sive laboratory settings and well-trained persoanel (Mukama et al.,
20202). The existing rapid nucleic acid detection equipment based oa

fluidics and PCR technology, such as GeneXpert, Filmarray, and
other systems, have high testing cost (the cost of a single test is 100-500
$). Therefore, such tests are not available in resource-limited areas, for
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Expert consensus on magnetic recanalization technique for biliary
anastomotic strictures after liver transplantation
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Biliary anastomotic stricture (BAS) is a common Indications and contraindications of MRT
complication after liver transplantation.

. i Tridications
Endoscopic retrograde cholangiopancreatography
{ERCP) or pereutaneous transhepatic cholangial drainage M Biliary anastomotic occlusion, such as bile-biliary
(FTCD) is the preferred trestment for BAS. However, these anastomasis and hilo-enterie anastomosis;
methods are helpless for completely occluded strictures. (I} Refracrory stricture with muldple falures of ERCP o
Magnetic recanalization rechnology (MRT), which is FTCD,

an ﬂ.FI']il.'ﬂt.lull. IJF ]llﬂg]lEtl.L' I'.'Lllul'r!ﬁ*i.ull AnFSEOANOSE, ﬂn] TW[I huiﬂrﬁ ‘T‘ILTIIIE mnll.]l‘ are L'][m! to l'JlE same ﬂx_i*.
reported as a revolutionary way o trear BAS, and initally

N

However, there are still no consensus reported. On the

imply a satisfactory result for complicated cages (

Absoliite contratnidications

Third International Conference of _“npnel'jr_' SI.IIFET:‘ held (T1  The stricture ]lﬂlgth i% =20 mumg

in Xi'an, experts from various countries have discussed (I} A large amoune of ascites or severe coagulation
asociated fields of MET in treating BAS and achieved the dysfunction, which do not allow an effective FTCD o
following consensus. be established;

* Members of Scienific Committee of the Third Inter-nationsl Conference of Magnetic Surgery (Sored Alphabetically by Lasr Mame): Mi
chael Avaliani, Blokhin Rusian Oncology Research Center, Russizn Research Cenrre nl'Su:rg\er_r. Eussiz Luigi Bonsvine, Universioy af Mi
lan, Istituee di Ricovero & Curs a Carstrere Scientifico Policlin San Donamn, Iraly; Panlo Canri, Foundaon IRCCS Ca” Granda - Ospedale
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