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& G-actin, ML A RIA%E . TSGR TR AL, S LTI TE R,
M MR E K 5348, LNC CRYBG3 5 G-actin 1454 BHKT MAL & A 1% €
A, FEUMLERBPBEF (SRF) Joikgs & 2] JUNB FiT Arp3 S84 MG s . RGP %
50 T B R 1 3 B 7 X3, AT Se B R ik . BRI T 58— 5% 5
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W, N T BRE IR A R o AL . A OGS AR R RAE Cancer Res,,

2018, 78, 4563,
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Qp}— ----

B 1. LNC CRYBG3 47 #| # £ 42 # 5 pk
2. BEHEREHRRET4M (MSCs) {23/ R AR MR
)78 R T4l PRI 78 2 R 40, MSCs) PRLEL L™ 98 hE ik F2 1 8 7711
£ RTE . WETERM, MSCs LAZ Bl 73— J7 TR 56 R 821 G 2 5 R 4% o g2
PAATVE o AR U S 2 7538 I SO e A B e R R, AT IR & AR 4
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JRAE (12Gy. 14 Gy) ALFE[)/NE MSCs, [A 4T /NRAMEAIES, B
F KR A RS BNERAR A, 2 J RN B2 AR AL AR, BUNEUTZEZE, R
it P RS S B A . R ER, FREALEE MSCs AN 45
ORI 2 T o0 AL B AR AR IR 1 MSCs 41, IE W USRS 1) MSCs Bt fig {1t
NI IR . A BUR R FAE Nat. Rev. Nephrol., 2018, 14, 493.
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» TNF = &0
: o1 I 4 l = I ] €5 — ©sa)
Activated Cytokines  Growth  Anti-inflammatory Exosomes S p— '
MSCs— > factors mediators &3 C5aR
Ve l l MAC Q«?‘:CSb o
) 3 ( Regulatory ¢4 Anti-inflammatory y ;
* CXCR3 ligands |, 5 = Teells &2 macrophages
o bt 2 . : N |
SR igands E \ Regulatory <L K Immature DCs Apoptosis u
& B cells iy o
* CXCR3 ~f % ¥ Perforin
« CCRS = § cytotoxic
c Y T lcellsand § % Pro-inflammatory 5'1 O cells
0 T 17cells S macrophages L Y
T cell - % P |
recruitment 3/‘0! NK cells "4
&) ’
N : ) tes— ) DO
€ 9; Plasmacells {23 Neutrophils Phagocytes § 1 (&)1 celts
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3. RAFEHEMFBHN FBARSREEORRR S FHIE

ORI SRR SR E B 8, wrS, IR PRI K
TEMPEAE RS R AN EEER. B, FAZLANENEREZRT TR,
AR . B BRI TTIT T B A BRI IT B R =, A o8
R — A R R L RERS A IR B N PR R AR (Nature, 2015, 523, 607;
Science, 2015, 350, 636; Science 2015, 350, 674) 1A A A& 55— A /E A FH 25 R
AKHSRIAIT EI IR, SO DA (1 A B VAT I o AR, AHSG o THLEE AT 2E
FATEL KA JZ T 0 T e iidl, Blaeit s, 56— 0 $EnR 7K1
PR 2EEH @G FNRITS SRR D CumfUR I LB KR, i,
SRR, ] CIEm RIS RR, R BRI RO . JRATHY R I Y AE S
HI 2T A B B | E B R R o HH ORI A AR &K SR AE J. Am. Chem. Soc.,
2018, 140, 8479,
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B 3. (AfB) FEEE LRI EARSRKE QR RR MR 6925 542 X
(C) FLYBE LR A AR SBE,

4 GBI /MR RE R A LI 5T

2018 4 10 H 18 H, HPrE AT GEEBABEF ) (PNAS) FELA KM
4 “ Akt-mediated platelet apoptosis and its therapeutic implications in immune
thrombocytopenia” CAkt 145 i L /INR R T e FEAE VR IT S P I /N sk 2D i 7 3
D WIS, #RiB T IBUN B 5 P51 B 5 R SIS . VLT3 MUT 78 i 58
77 B 08 T D\ 7~ o M AL /NS SE - (Immune thrombocytopenia, 1TP) & 4ERL
il S BT R T SR o

G AL /INSOIR A S ™ B UM AR RER B, TS AR T K]
DK, REENAIMeE —BAAX TP BATHIE, BT AR ANH] AR 724 U,
AHA — &R 398 N IA 1) 2 Fia TT S I MR B S N . BAAERF T, R
% by b Foph 22 SR FUIESE, B PR BERE & 1 (glycoprotein, GP) Ib-1X
HEHUAR ITP BN, XTI B2 MH G T 500 S B . AT, #3ER
RIBAWTFE KL, 1 GPIb-IX FiiAF] S /MR Akt &M, Akt il id BEEE — FE i
(PDE3A) 4% i1 5 F #iE APKA)EPEIRARE S M MR T, R, Mo i
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Akt 3812 FECE . PR T AIE A /R 55 R T 1 R BR B 22 &R (PS), 843
L ZINARCAE P JFE 4 2 5 400 B ARl A W 5 B o BT 98 B, W11 GPIb-1X . PDE3A. PKA.,
PS SN ENE, BEARERAORE E, RGP S I IMR IR RR, 12
THI MR . I, ABETSHES 1 S PR i MR AE A A AL, TEHAE, J
PUA S HUINRTE B S S IEE N 2 AT, Kya] i M/ MREGEER, it
filaTr LN AE 25 VDB AL 1 22 Fiolr (K 40 ORISR, HAT T R N A S

Anti-GPIba antibody
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.
<@
PESA
¥ £
caz.
= &
Apoptosis Activation
BAD
Lo TMEM16F

B 4, Rz Mo AR Y JE R AU

(2 SRS EEAGIT

1. ZETHEYIE S TR RS R B ai6YT

Wl R 2R 5 D Re gk 5 B Bt 7o e X FE B S 1EAE (HR) ¥ T Nature
Biomedical Engineering ({ HAR-AEMER2E TIE)) KBRS, il 7 —FRET4EY)
PR TECR S PR B0 TR SR o AT SO A VBT DU RE R TEU VR R A 3Rl 131 R
ICFE SR b, SRR I S e CpG DAL B RN SIIR B 19 B 2 &E
WP AR R, o S S FT A s o 20 i ke 2 2R ) i YR PR I A AL
ARV T B R Z A DA RSO TIT A CpG MR N e, AT RL S T
T S5 RE 5 B B o R R A SR R AR ELAE D, AR R e S ) SR
J7 5 T VA PR BV Jm A S MR P9 S, T A e 4 ) B P B S T A
PRI BGRERS, R 131 ARic I S SN ] E AR MR Y, AT RS s AR I H.
BN IR 28 B O SR S EIVE L o BT TR T, 1 SR mT DUASE FH A P TS0 o 1 771
MW RS, TR BRI, U SR A RS R T DL R S SR AR R | 5 4 R oK
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JEAL SRR s IR E— 2D A B R G i SN, I BB S e Aer A AT, R A
PN B 5 (¥ G 22 Geit ol i S e A2 IO IR A AR, AT A bl i e 22 s Bt e
WFFEN L WS B — T AL B ) S BEACZ RN, BEMS TR AP /I BRAN 52 i 88 52K 1)
R,

XM M VR S A, G 95 R PN TBOTT S BRI PR ) R B ik A AL
B G058 I NV oAk e 2 D S B b R s e ) I FEB0 L 2 K . XA OTVE A N TR T
RSB SEARTE , 45 AR AT 2R R e A% LA K T i F g ) HL A e I AR Bl
FALTT R A B SR RO LB . (B4 — 4R IZ, ISR T3 AT A A
IR T RINEYIM R, BRI RV R

131|-Cat/CpG/ALG hybrid fluid 131]-Cat/CpG/ALG hybrid gel

—~~~"-Alginate (ALG) &2 Catalase (Cat)  6)'lodine /N \.CpG

B 1. #1131 Arieey i Ak B (& &), REAEF CpG (HZER)
AR HZEER ($48) AAMWRBARFERFIERKTER.
2. BRETUT AR ME IEH AR CAR-T SEA4BIRIT
T 7C DA E [ B _E 2 2 % B CTLAG 1 PD1 HLiki6 )7 it 75 5 M 1 Aok it
VIR, T IR A OGO R BURRE, NIRRT 5 e TR T B 4R
BT . 1 A [ B B AE B PD-1 scFv HI#E [ MUCT (U4 CAR-T 41,
DAB ik 5 2577 30, FEAR 8 SR B3 b LI PR 20 (VGPR. il i R AT ),
Higy7 At . R MIG RIS IR EE R 2 . TAERRLE: J. Clin. Invest,,
2018,128, 2104; Nat. Rev. Immunol., 2018,18, 195.
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K 2. CTLA4 #= PD1 HARFR A2 IT SR ARG o

(=) BHBHF

1. FrBUGhE R AR PR A T4 3R

o RAAEIARZRERI H Ry E a5 TR R R A,
E RV AR RG] 7y, K AR D REAA BT TR A BE R B A

B [FRE, RS Thae M Bl — B W R B 0 S ar iy, Har et &

WIAE 7y TREAR . AR R 2 /N s AR SE U AT 2 . T
PRI — R B NIRRT R, T2 N TR UR . e, 24,
A5 0 S5 A, PRV I MR WA v e AR 2B R T, R BE IR O
T SEILXS iy BE S 2 H) < PTARAL” o IR ILINERIA 224, INBRIAM BT K C 2245 T T
AR RE S KOG ER, Hrh AN E IR RN A S E RO TR SLIRE
BEATR, Tz R N RS AT Nal:Tl, Csl:Tl, BisGesO1z, PbOWO,, LUAIO;:Ce
o BMENhIER EARE A IR G — AN Je R, BAERRMERIS L HRE ;. [F]
ISf, Bl 70 3R ) 3 B R R —— BN TR AE 58 AR O6 BRI T e A H AR (R SR €05
Aol FLAE TN R A SRR R AT B AR 171 0] FH DR S8 e B ) 76 3R SR B DA R A e AR DL A T
BTl ARGEAR S, T H HBAE E bR B e th & alidr B E A AR RS, 1%
T T AR JH LA T 18 SO U R AEAE [ (8 H 622 ) | (Angew. Chem. Int. Ed., 2018,
57, 7883).
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/\v
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Intensity /

460 480 500 520 540 560 580 600 620
Wavelength / nm

B 1.4 %A HLALAAL A # SCU-9,

RITAEE AR T SN R SCU-9, 3528 = RRIEHRE 4 8
O B 5 AN R EL I (R REAR G5 40 o TR, R 2R B AR AE — N R LA 3 2R =R A
kg, HETIE A SRR =AY . TR A AR, RS
RSN T BA R m RO, HETFr=2 (58%) & H il CRIFTA & etk
Ao HTEEMETER, M550 H AR & ORI AL & PI7E & Reda )
RACHII G o TN BE AL S5 7R %Ak B W 5ok B 28 o 7 2 i 230 5 F IV A4 Csl: T
TR AAE MBS, %A A D TE S 2R BEL B 0 b B AR T 3 R IR A4 CsIT
X T SEIUBAR ) BB 2 G B R . RIS, A AL AL A% 0 5T
1% SCU-9 (& Mteimiffase . KiEt: T EamE B, Rit—D%
AR i HER NP RGN A =

2. FEMEETFERMEATSE TcO,

OTc &P K TR A SO MEAZ 2, FEIE N 2.13500° 4E  7E /K EE L TeOy
I RAETE, WM, TP, RN WoA B A, W EREEIE BO™ i &
E. A4, BT EZRENE B RN S LA, BRI B B, RA S,
TEZ G B FATE A 23 BL TeoO7 M T g A it 8, (H 2 M\ i R B2 i it HLK
BB TIOR3 B TeO AR H B dhil. AN HER, 3RATHT
FAGET PSR B B T 4B A HUHEZE (MOFs) PRI 2> B P Teo,, Hifg
T—RHNER . AFECES N (1-BKIZREL) 2055 a,0- 3006 “HRG R T —
SR BRI e HE A A G HLE B R S A RE, SCU-CPN-1. %KM kLG )
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fy B, 7R E, B4 TcO4TReOq 1 0 B B AT W N B 775281 Xt ReO4 MR B 75 F s
PEFENESE i PR W e R i 2 252 B S A

'Y
SCU-POP-1-Cl tx > SCU-POP-1-Te

9Tc0, é gg'
é 5 > ? ué? ﬁue e

o @ C G

e 0. AES
; BB, O Q .o

@@ @@ » Record sorption rate )(’@ . )(9

r©) » Great radiation-resistance
» Excellent acid/base stability
» Promising uptake performance from highly acidic/basic solutions

B 2. # %8 & FF RHH SCU-CPN-1 I T4 4 TcOy4 .

SCU-CPN-1 — S Hififk 1AL Ge & 52 i lE A RHEL B . 3 05 R 5
NV RE DT THI ISR, 53— 7 AR R 1 BH RS 1<e i A MR BT RLRT T L 28 11 28
FRHE SRR AT N A AT Bk nt, 2 H AT IR IER IR T 703 TeO, 1t
MRk Aoe4E R 2 1E 0k £ AE Nature Communications £ (Nat. Commun., 2018, 9,

3007)-
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Rational Design of Conjugated Photosensitizers with
Controllable Photoconversion for Dually Cooperative

Phototherapy

Shuyue Ye, Jiaming Rao, Shihong Qiu, Jinglong Zhao, Hui He,* Ziling Yan, Tao Yang,
Yibin Deng, Hengte Ke, Hong Yang, Yuliang Zhao, Zhengqing Guo,* and Huabing Chen*

High-performance photosensitizers are highly desired for achieving selective

Photosensitizers have extensively explored
as emerging versatile compounds in many

tumor photoablation in the field of precise cancer therapy. However,
photosensitizers frequently suffer from limited tumor suppression or unavoidable
tumor regrowth due to the presence of residual tumor cells surviving in
phototherapy. A major challenge still remains in exploring an efficient approach
to promote dramatic photoconversions of photosensitizers for maximizing the
anticancer efficiency. Here, a rational design of boron dipyrromethene (BDP)-
based conjugated photosensitizers (CPs) that can induce dually cooperative
phototherapy upon light exposure is demonstrated. The conjugated coupling of
BDP monomers into dimeric BDP (di-BDP) or trimeric BDP (tri-BDP) induces
photoconversions from fluorescence to singlet-to-triplet or nonradiative
transitions, together with distinctly redshifted absorption into the near-infrared
region. In particular, tri-BDP within nanoparticles shows preferable conversions
into both primary thermal effect and minor singlet oxygen upon near-infrared
light exposure, dramatically achieving tumor photoablation without any regrowth
through their cooperative anticancer efficiency caused by their dominant late
apoptosis and moderate early apoptosis. This rational design of CPs can serve as
a valuable paradigm for cooperative cancer phototherapy in precision medicine.

fields including photodynamic therapy
(PDT), photocatalysis, cell signaling, and
biosensors.[!l For cancer therapy, excited
photosensitizer is able to produce highly
cytotoxic reactive oxygen species (ROS)
such as singlet oxygen via intersystem
crossing (ISC)-mediated singlet-to-triplet
transition and subsequent energy transfer,
thus causing the apoptosis through the
oxidation of biologically relevant mole-
cules in mitochondria and nucleus to
cause selective suppression against malig-
nant shallow tumors.?l PDT possesses
several distinct advantages over conven-
tional therapeutics including precise spa-
tiotemporal control, selective treatment
with minimized adverse side effect, and
negligible drug resistance.?*’ To date,
several types of organic photosensitizers
including boron dipyrromethene (BDP),
phthalocyanine, and porphyrin have
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been extensively developed for achieving
effective PDT through versatile strategies such as heavy-atom
effect, spin converter, charge recombination, exciton coupling,
suppressed photoinduced electron transfer, as well as func-
tional substitution of pH-activatable dimethylaminophenyl
group, mitochondria-targeted triphenylphosphonium bro-
mide, or antiangiogenic acetazolamide moiety.¥) Moreover,
versatile drug vehicles such as micelles, vesicles, graphene
oxide, mesoporous silica nanoparticles, and metal-organic
frameworks are frequently utilized to boost their anticancer
efficiency through enhanced singlet oxygen generation, self-
supplied oxygen, improved resistance to photobleaching, or
preferable tumor accumulation.?><**51 Unfortunately, these
photosensitizers frequently suffer from limited tumor sup-
pression or unavoidable tumor regrowth due to the residual
tumor cells surviving from light irradiation, usually owing to
their several drawbacks including shallow light penetration
depth in visible region (frequently less than 650 nm), absolute
oxygen dependence, insufficient cytoplasmic drug transloca-
tion, and inadequate cell damage from singlet oxygen-mediated
apoptosis. Hence, highly potent photosensitizer with distinctly
redshifted absorption is highly desired for achieving tumor
photoablation. 2]
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Photodetectors

Highly In-Plane Anisotropic 2D GeAs, for Polarization-

Sensitive Photodetection

Liang Li, Penglai Gong, Daopeng Sheng, Shuao Wang, Weike Wang, Xiangde Zhu,*
Xinggiang Shi, Fakun Wang, Wei Han, Sanjun Yang, Kailang Liu, Huigiao Li,*

and Tianyou Zhai*

Due to the intriguing anisotropic optical and elecirical properties, low-
symmetry 2D materials are attracting a lot of interest both for fundamental
studies and fabricating novel electronic and optoelectronic devices. Identi-
fying new promising low-symmetry 2D materials will be rewarding toward the
evolution of nanoelectronics and nano-optoelectronics. In this work, germa-
nium diarsenide (GeAs,), a group IV-V semiconductor with novel low-sym-
metry puckered structure, is introduced as a favorable highly anisotropic 2D
material into the rapidly growing 2D family. The structural, vibrational, elec-

and MoS, is the in-plane anisotropy. Such
anisotropy rooted in its puckered low-
symmetry structure, which will bring even
richer physics (e.g., linear dichroism,/]
anisotropic  plasmons,®l  anisotropic
excitation”) etc.) and provides another
new degree of freedom for fabricating
unique devices (e.g., polarization sensi-
tive photodetector,”l synaptic devices for
neuromorphic applications,[' etc.). Nev-

trical, and optical in-plane anisotropy of GeAs; is systematically investigated
both theoretically and experimentally, combined with thickness-dependent
studies. Polarization-sensitive photodetectors based on few-layer GeAs,
exhibit highly anisotropic photodetection behavior with lineally dichroic ratio
up to =2. This work on GeAs;, will excite interests in the less exploited regime

of group IV-V compounds.

Ever since the discovery of graphene,l!! the family of 2D mate-
rials have attracted tremendous attention due to the unique
physical properties,l?l and potentials in nano-electronics and
nano-optoelectronics.®! Recently, black phosphorus (BP) was re-
introduced as a new star in the 2D materials family with largely
tunable bandgap,*! relatively high mobility,’! and in-plane ani-
sotropy.®) Among these, the most exotic characteristic distin-
guishing BP from the foregoing 2D materials like graphene

ertheless, question still remains regarding
the nature of degeneration of BP.'!! Thus,
increasing effort has been directly paid to
the exploration of new 2D materials with
in-plane anisotropic structure.!'?]

Very recently, group IV-V compounds
GeP, SiP, and GeAs with widely tun-
able bandgap, moderate carrier mobility,
and highly in-plane anisotropy have been
introduced to the in-plane anisotropic 2D materials family.['?]
GeAs,, another group IV-V compound, was first synthesized
by Bryden in 1962.'] Early research (in 1971) only reported the
basic optical and electrical properties of bulk GeAs,."s] After
that, the experimental research on GeAs; remained stagnant.
Unlike the monoclinic structure of GeP and GeAs, GeAs; holds
a BP-like puckered orthorhombic structure, combining with
the difference in electronegativity between Ge and As, thus the
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REVIEWS I

Immunoregulatory mechanisms of
mesenchymal stem and stromal cells
in inflammatory diseases

Yufang Shi'*, Yu Wang?, Qing Li?, Keli Liu? Jianquan Hou', Changshun Shao' and
Ying Wang?*

Abstract | Mesenchymal stem cells (MSCs; also referred to as mesenchymal stromal cells) have
attracted much attention for their ability to regulate inflammatory processes. Their therapeutic
potentialis currently being investigated in various degenerative and inflammatory disorders
such as Crohn’s disease, graft-versus-host disease, diabetic nephropathy and organ fibrosis. The
mechanisms by which MSCs exert their therapeutic effects are multifaceted, but in general,
these cells are thought to enable damaged tissues to form a balanced inflammatory and
regenerative microenvironment in the presence of vigorous inflammation. Studies over the past
few years have demonstrated that when exposed to an inflammatory environment, MSCs can
orchestrate local and systemic innate and adaptive immune responses through the release of
various mediators, including immunosuppressive molecules, growth factors, exosomes,
chemokines, complement components and various metabolites. Interestingly, even nonviable
MSCs can exert beneficial effects, with apoptotic MSCs showing immunosuppressive functions
in vivo. Because the immunomodulatory capabilities of MSCs are not constitutive but rather are
licensed by inflammatory cytokines, the net outcomes of MSC activation might vary depending
on the levels and the types of inflammation within the residing tissues. Here, we review current
understanding of the immunomodulatory mechanisms of MSCs and the issues related to their
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therapeutic applications.

Stem cells are undifferentiated cells of metazoans that are
characterized by their ability to both self-renew through
symmetrical division and differentiate into specialized
cell types through asymmetrical division. Stem cells can
be classified according to their differentiation potential:
pluripotent stem cells, such as embryonic stem cells,
can presumably give rise to any cell type, whereas multi-
potent stem cells have limited differentiation potential
and unipotent stem cells can differentiate only along
one lineage. In tissues, stem cells function to maintain
homeostasis. They are often quiescent and retain their
progenitor properties by self-renewing. Activation (for
example, by extrinsic cellular factors or damaged resident
cells) induces stem cells to proliferate and differentiate to
regenerate the damaged tissue. In addition to regenerat-
ing tissue in response to normal wear and tear, trauma
or disease, resident stem cells are now also understood to
actively communicate with the tissue microenvironment,
especially with inflammatory components.
Mesenchymal stem cells (MSCs) are among the most
widely studied multipotent stem cells. Unlike many

other stem cells that are tissue-specific, MSCs have
been identified in various tissues. Their ‘stemness’ is
exemplified by their ability to differentiate into osteo-
blasts, chondrocytes and adipocytes'. However, MSCs
are also often referred to as ‘mesenchymal stromal cells’
owing to their ability to sustain the homeostasis of the
tissue microenvironment by supporting the functions
of parenchymal cells, such as haematopoietic stem cells
(HSCs)*. Due to variations in experimental protocols
and cell sources between studies, no consensus exists
regarding the nomenclature of these cells. In this Review,
we use ‘MSCs' to refer to the stem and stromal functions
of these cells.

Owing to the lack of specific markers to study
endogenous MSCs, most of our knowledge of the
biological properties of MSCs has been obtained
from the study of in vitro expanded and exogenously
administered MSCs. Exogenously administered MSCs
have been found to accumulate at damaged tissues’,
where they promote tissue regeneration through
cell replacement or by empowering the regenerative
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Surface Oxidation of Graphene Oxide
Determines Membrane Damage, Lipid
Peroxidation, and Cytotoxicity in Macrophages
in a Pulmonary Toxicity Model
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ABSTRACT: While two-dimensional graphene oxide (GO) is used
increasingly in biomedical applications, there is uncertainty on how specific
physicochemical properties relate to biocompatibility in mammalian systems.
Although properties such as lateral size and the colloidal properties of the
nanosheets are important, the specific material properties that we address
here is the oxidation state and reactive surface groups on the planar surface.
In this study, we used a GO library, comprising pristine, reduced (rGO), and
hydrated GO (hGO), in which quantitative assessment of the hydroxyl,
carboxyl, epoxy, and carbon radical contents was used to study the impact on
epithelial cells and macrophages, as well as in the murine lung. Strikingly, we
observed that hGO, which exhibits the highest carbon radical density, was
responsible for the generation of cell death in THP-1 and BEAS-2B cells as a
consequence of lipid peroxidation of the surface membrane, membrane lysis,
and cell death. In contrast, pristine GO had lesser effects, while rGO showed
extensive cellular uptake with minimal effects on viability. In order to see how these in vitro effects relate to adverse
outcomes in the lung, mice were exposed to GOs by oropharyngeal aspiration. Animal sacrifice after 40 h demonstrated
that hGO was more prone than other materials to generate acute lung inflammation, accompanied by the highest lipid
peroxidation in alveolar macrophages, cytokine production (LIX, MCP-1), and LDH release in bronchoalveolar lavage
fluid. Pristine GO showed less toxicity, whereas rGO had minimal effects. We demonstrate that the surface oxidation state
and carbon radical content play major roles in the induction of toxicity by GO in mammalian cells and the lung.

KEYWORDS: graphene oxide, surface functional groups, structure—activity relationships, carbon radicals, lipid peroxidation,
lung inflammation

applications in electronics, energy, sensors, and delivery.® In order to be successfully translated to products that
catalysis due to its high electronic and thermal can be used in the marketplace, it is important to understand
conductivity, high surface area, and extraordinary mechanical the safety and biocompatibility of GO.”* Although there has
properties.'”” Moreover, the graphene derivative, graphene

G raphene is increasingly being used for a broad range of engineering,’ antimicrobial agents,’ bioimaging,® and drug

oxide (GO), exhibits excellent dispersibility, colloidal proper- Received: October 31, 2017
ties, and the potential to use surface functionalization to render Accepted: January 12, 2018
the material attractive for use in biomedicine, including tissue Published: January 12, 2018
A4 ACS Publications  © 2018 American Chemical Society 1390 Aocoumozz;‘/ﬁrzr;;g_om;
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Highly Effective Radioisotope Cancer Therapy
with a Non-Therapeutic Isotope Delivered and
Sensitized by Nanoscale Coordination
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ABSTRACT: Nuclear medicine with radioisotopes is extremely &,
useful for clinical cancer diagnosis, prognosis, and treatment.
Herein, polyethylene glycol (PEG)-modified nanoscale coordi-
nation polymers (NCPs) composed of hafnium (Hf*) and
tetrakis (4-carboxyphenyl) porphyrin (TCPP) are prepared viaa .},
one-pot reaction. By chelation with the porphyrin structure of ...

Metal ions

MeOH

TCPP, such HE-TCPP-PEG NCPs could be easily labeled with ~ **™° e
#mTcH, an imaging radioisotope widely used for single-photon

emission computed tomography (SPECT) in a clinical environ- o

ment. Interestingly, Hf, as a high-Z element in such PmTC Hf-

TCPP-PEG NCPs, could endow nontherapeutic *Tc¢ with the _;'::n

therapeutic function of killing cancer cells, likely owing to the
interaction of Hf with y rays emitted from *™Tc to produce
charged particles for radiosensitization. With efficient tumor retention, as revealed by SPECT imaging, our **™Tc-Hf-
TCPP-PEG NCPs offer exceptional therapeutic results in eliminating tumors with moderate doses of M after either
local or systemic administration. Importantly, those biodegradable NCPs could be rapidly excreted without much long-
term body retention. Our work, showing the success of applying NCPs for radioisotope therapy (RIT), presents a
potential concept for the realization of highly effective cancer treatment with *™Tc, a short-halflife (6.0 h) diagnostic
radioisotope, which is promising for cancer RIT with enhanced efficacy and reduced side effects.

KEYWORDS: nanoscale coordination polymers, technetium-99, radiosensitization, SPECT imaging, mdiaisotope thempy

. 1317 1257 188p 177 1-5 o - )
radioisotopes (e.g, *'I, "I, '*"Re, 'Ly, etc.), ™" most photon emission computed tomography (SPECT)."*™"* With
f which are f emitters, implanted or administrated
into the tumor or placed nearby the tumor to destruct solid
tumors is an widely applied cancer treatment strategy in the

R:diuisotope therapy (RIT) via the use of therapeutic radioisotopes in diagnostic imaging, particularly for single-

a short half-life of 6.0 h, *™Tc¢ as a y emitter is known to be a

15—

rather safe radioisotope.'*~'” While it is extensively used as an

clinic.”” However, while local implantation of radioisotopes imaging radioisotope, the use of #™T¢ for RIT has not yet
has no systemic effect on the treatment of metastatic tumors,”” been possible due to the fact that it only emits y rays that have
those f-emitting radioisotopes with half-lives of several days, if

applied by systemic administration, could result in severe long- Received: March 30, 2018

lasting damage to normal tissues.'”'" *™Tc, as a metastable Accepted: July 13, 2018

nuclear isomer of *Tc, is one of the most widely used

ACS Publications @ xxxx American Chemical Society A DOI: 10.1021/acsnan0.8b02400
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Calcium Bisphosphonate Nanoparticles with
Chelator-Free Radiolabeling to Deplete
Tumor-Associated Macrophages for Enhanced
Cancer Radioisotope Therapy

Kai Yang,*"i and Zhuang Liu*"

Longlong Tian,” Xuan Yi* Ziliang Dong,+ Jun Xu," Chao Liang,% Yu Chao,’ Yaxing Wzmg,i

“Institute of Functional Nano & Soft Materials (FUNSOM), Collaborative Innovation Center of Suzhou Nano Science and
Technology, Soochow University, Suzhou, Jiangsu 215123, China

*State Key Laboratory of Radiation Medicine and Protection, School of Radiation Medicine and Protection & School for
Radiological and Interdisciplinary Sciences (RAD-X), Collaborative Innovation Center of Radiation Medicine of Jiangsu Higher
Education Institutions, Soochow University, Suzhou, Jiangsu 215123, China

© Supporting Information

ABSTRACT: Tumor-associated macrophages (TAMs) are
often related with poor prognosis after radiotherapy.
Depleting TAMs may thus be a promising method to
improve the radio-therapeutic efficacy. Herein, we report a
biocompatible and biodegradable nanoplatform based on
calcium bisphosphonate (CaBP-PEG) nanoparticles for
chelator-free radiolabeling chemistry, effective in wvivo
depletion of TAMs, and imaging-guided enhanced cancer

radioisotope therapy (RIT). It is found that CaBP-PEG

TAMs

& €W Depietion

- Cancer
~ % Cell Deatn

&' \
SPECT Imaging

nanoparticles prepared via a mineralization method with

poly(ethylene glycol) (PEG) coating could be labeled with various radioisotopes upon simple mixing, including gamma-
emitting **"Tc for single-photon-emission computed tomography (SPECT) imaging, as well as beta-emitting **P as a
therapeutic radioisotope for RIT. Upon intravenous injection, CaBP(**™Tc)-PEG nanoparticles exhibit efficient tumor
homing, as evidenced by SPECT imaging. Owning to the function of bisphosphonates as clinical drugs to deplete TAMs,
suppressed angiogenesis, normalized tumor vasculatures, enhanced intratumoral perfusion, and relieved tumor hypoxia
are observed after TAM depletion induced by CaBP-PEG. Such modulated tumor microenvironment appears to be highly
favorable for cancer RIT using CaBP(*’P)-PEG as the radio-therapeutic agent, which offers excellent synergistic
therapeutic effect in inhibiting the tumor growth. With great biocompatibility and multifunctionalities, such CaBP-PEG

nanoparticles constituted by Ca® and a clinical drug would be rather attractive for clinical translation.

KEYWORDS: bisphosphonates, biomineralized nanoparticles, chelating-free radiolabeling chemistry, tumor-associated macrophages,

radioisotope therapy

and radioisotope therapy (RIT), is a major method
widely applied in current clinical cancer treatment."”
The improvement of RIT depends on accurately delivering
radioisotopes to tumor tissues to optimize radiation doses of
tumors versus normal organs.""' Over the recent decade,
versatile nanomaterials has been developed to deliver radio-
nuclides to tumors through the enhanced permeability and
retention (EPR) effect due to the leaky tumor blood
vasculature.”™ To minimize side effects, those nanomaterials
are often designed to be biodegradable and responsive to
various features within the tumor microenvironment (e.g., pH-
sensitive, enzyme-sensitive).””'* Regarding the types of radio-
therapeutic isotopes, as beta particles would often cause more

Radiotherapy, including external beam radiation therapy

i i © 2018 American Chemical Society
<7 ACS Publications
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damage to cancer cells compared to y rays because of higher
linear energy transfer (LET), various types of radioisotopes,
such as *'I, '"Lu, '%¢Re, and '**Re, with both beta and gamma
decays, have been extensively applied in the clinic for
RIT.'™* Among various therapeutic isotopes, 32-phosph0rus
(**P) appears to be quite suitable, as it is a purely beta-emitting
radioisotope and could be innately bound to the DNA of
cancer cells and then get trapped in tumors to effectively
induce cell death.'”™** Thus, developing biocompatible and

Received: September 2, 2018
Accepted:  October 25, 2018

Published: October 25, 2018

DOI: 10.1021/acsnano.8b06699
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Theranostics
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ABSTRACT: Exploiting ultrasmall nanoparticles as multifunc-
tional nanocarriers labeled with different radionuclides for
tumor theranostics has attracted great attention in past few
years. Herein, we develop multifunctional nanocarriers based
on ultrasmall hyperbranched semiconducting polymer (HSP)
nanoparticles for different radionuclides includin§ technetium-
99m (**™Tc), iodine-131 (**'I), and iodine-125 ('**I) labeling.
SPECT imaging of ™ Tc labeled PEGylated HSP nanoparticles
(HSP-PEG) exhibit a prominent accumulation in two-
independent tumor models including subcutaneously xenograft
and patient derived xenograft model. Impressively, 5,6-
dimethylxanthenone-4-acetic acid (DMXAA), as tumor-vascu-
lar disrupting agent (VDA), significantly improves the tumor

accumulation of '*'I labeled HSP-PEG nanoparticles, further leading to the excellent inhibition of tumor growth after
intravenous injection. More importantly, SPECT imaging of '>I labeled HSP-PEG indicates that ultrasmall HSP-PEG
nanoparticles could be slowly excreted from the body of a mouse through urine and feces in 1 week and cause no obvious
toxicity to treated mice from blood analysis and histology examinations. Our finding from the different independent
tumor models SPECT imaging shows that HSP-PEG nanoparticles may act as multifunctional nanocarriers to deliver

different radi lides for m
strategy for cancer treatment.

ing the in vivo behaviors of nanoparticles and cancer theranostics, which will provide a

KEYWORDS: hyperbranched semiconducting polymer, SPECT i

owadays, cancer is one of the leading threats to

| \ | human health." Various imaging approaches includ-
ing computed tomography (CT), magnetic resonance

imaging (MRI), and positron emission tomography (PET)/
single photon emission computed tomography (SPECT) have
been widely applied in clinical diagnosis of diseases.” Under
the guidance of imaging, a clinician will provide the right
treatment for precision medicine of patients.”™® At present,
main methods such as surgery, chemotherapy, and radio-
therapy (external beam radiotherapy (RT) and internal
radioisotope therapy (RIT)) have been widely used in the
clinic for cancer treatments.” '’ Although radioisotopes have
been shown to have a significant advantage in both SPECT/
PET imaging and RIT of tumor, how to realize the targeting
delivery of radioisotopes to the tumor sites and decrease the
unnecessary side effects is still a challenge.'"'* To date, the

A4 ACS Publications © 2018 American Chemical Society 9142
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ging, DMXAA, radio

tope therapy, metabolizable property

rapid development of nanotechnoloFy brings a nanoplatform
for radionuclides targeting delivery."”'* Various inorganic or
organic nanomaterials have been used as nanocarriers for
radionuclides delivery due to the intrinsic properties of
nanomaterials.'~"* Various treatments such as photothermal
therapy, photodynamic therapy, and immunotherapy have
been combined with RT/RIT for improving cancer therapeutic
efficiency.'”™** Given the potential toxicity and the problem of
degradation, nanomaterials based on biomolecules (e.g,
protein, DNA) or ultrasmall nanoparticles have been widely
acted as nanocarriers for drug and radionuclides delivery and
attracted considerable attention in recent years.”’ >* Such
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Efficiency Targeted Protein Therapy for
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ABSTRACT: The inability to cross the blood—brain barrier (BBB)
prevents nearly all chemotherapeutics and biotherapeutics from the
effective treatment of brain tumors, rendering few improvements in
patient survival rates to date. Here, we report that apolipoprotein E
peptide [ApoE, (LRKLRKRLL),C] specifically binds to low-density
lipoprotein receptor members (LDLRs) and mediates superb BBB
crossing and highly efficient glioblastoma (GBM)-targeted protein
therapy in vivo. The in vitro BBB model studies reveal that ApoE Q B
induces 2.2-fold better penetration of the immortalized mouse :@ '~

brain endothelial cell line (bEnd.3) layer for chimeric 3388
poly (cp) ed to Angiopep-2, the best-known
BBB-crossing peptide used in clinical trials for GBM therapy. ApoE-installed CP (ApoE—CP) carrying saporin (SAP)
displays a highly specific and potent antitumor effect toward U-87 MG cells with a low half-maximum inhibitory
concentration of 14.2 nM SAP. Notably, ApoE—CP shows efficient BBB crossing as well as accumulation and penetration
in orthotopic U-87 MG gliobl The sy ic administration of SAP-loaded ApoE—CP causes complete growth
inhibition of orthotopic U-87 MG GBM without eliciting any observable adverse effects, affording markedly improved
survival benefits. ApoE peptide provides an ultrahigh-efficiency targeting strategy for GBM therapy.

KEYWORDS: brain tumor, blood—brain barrier, protein delivery, nanomedicines, targeted therapy

Glioblastoma
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primary tumor that remains incurable to date.'™* An

inability to cross the blood—brain barrier (BBB)
limits nearly all chemotherapeutics and biotherapeutics from
effectively treating of GBM patients.” It is found that a plethora
of receptors, such as the low-density lipoprotein (LDL)
receptor family (LDLRs), transferrin receptors, and insulin
receptors are highly expressed on BBB,” which enable receptor-
mediated transcytosis (RMT) of cargos through BBB.°”® In
particular, three LDLRs, ie, LDL receptor (LDLR) and
LDLR-related proteins 1 and 2 (LRP1 and LRP2),
demonstrate significant up-regulation along with the develop-
ment of glioblastoma.° Notably, these three receptors are also
over-expressed on GBM cells,'”"" which renders LDLRs an
ideal target for GBM therapy. In the past years, Peptides
targeting LDLRs, including Angiopep-2 (ANG),'” ApoB
(3371-3409),"* and peptide-22,"""® which target LRP1,
LRP2, and LDLR, respectively, have been explored for
delivering anticancer drugs to GBM. ANG, as a most-advanced

G lioblastoma (GBM) is the most-invasive intracranial

A 4 ACS Publications  © 2018 American Chemical Society
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GBM targeting peptide, is currently under clinical develop-
ment."*"" The functionalization of nanoparticles with ANG
showed clearly enhanced BBB transcytosis.'”*’ Notably,
apolipoprotein E3 has shown efficient GBM-targeting delivery
of siRNA.*" Several apolipoprotein E derived pe1ptides have
recently been developed for crossing the BBB,”*° among
which a tandem dimer sequence of the receptor-binding
domain of apolipoprotein E, ApoE peptide, was reported to
significantly improve brain delivery of therapeutics without
interfering with endogenous apolipoprotein E.** The high
brain-delivery efficiency of ApoE peptide may be ascribed to its
high affinity to multiple LDLRs, including LDLR, LRP1, and
LRP2.”

Here, we report that ApoE directed superb BBB crossing
and highly efficient GBM-targeted protein therapy in vivo
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ABSTRACT: Although comprehensive progress has been made in
the area of coordination polymer (CP)/metal—organic framework
(MOF)-based proton-conducting materials over the past decade,
searching for a CP/MOF with stable, intrinsic, high anhydrous
proton conductivity that can be directly used as a practical
electrolyte in an intermediate-temperature proton-exchange
membrane fuel cell assembly for durable power generation remains
a substantial challenge. Here, we introduce a new proton-
conducting CP, (NH,);[Zr(H,/,;PO,);] (ZrP), which consists of
one-dimensional zirconium phosphate anionic chains and fully
ordered charge-balancing NH," cations. X-ray crystallography,
neutron powder diffraction, and variable-temperature solid-state
NMR spectroscopy suggest that protons are disordered within an
inherent hydrogen-bonded infinite chain of acid—base pairs (N—H:--O—P), leading to a stable anhydrous proton conductivity of
1.45 X 107> S-cm™ at 180 °C, one of the highest values among reported intermediate-temperature proton-conducting materials.
First-principles and quantum molecular dynamics simulations were used to directly visualize the unique proton transport
pathway involving very efficient proton exchange between NH," and phosphate pairs, which is distinct from the common guest
encapsulation/dehydration/superprotonic transition mechanisms. ZrP as the electrolyte was further assembled into a H,/O, fuel
cell, which showed a record-high electrical power density of 12 mW-cm™ at 180 °C among reported cells assembled from
crystalline solid electrolytes, as well as a direct methanol fuel cell for the first time to demonstrate real applications. These cells
were tested for over 15 h without notable power loss.

H,0

B INTRODUCTION temperature (below 100 °C) and high hydration levels.”*
Proton-exchange membrane fuel cells (PEMFCs) are promising These advantages include faster electrode kinetics, no require-
candidates for the partial substitution of fossil fuel energy owing ment of humidified inlet streams or large radiators to dissipate
to their high power density, green features, and mild operating waste heat, and minimized CO poisoning of the platinum
conditions."”” Intermediate-temperature (100—300 °C)
PEMFCs exhibit several clear advantages over those assembled Received: March 7, 2018
with commercialized Nafion, which can be operated only at low Published: April 25, 2018
ACS Publications  © 2018 American Chemical Society 6146 DOI: 10.1021/jacs.8b02598
& J. Am. Chem. Soc. 2018, 140, 6146-6155
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The transmembrane protein disulfide isomerase TMX1
negatively regulates platelet responses

Zhenzhen Zhao,'* Yi Wu,"?* Junsong Zhou,'? Fengwu Chen,' Aizhen Yang,' and David W. Essex?

'The Cyrus Tang Hematology Center, Collaborative Innovation Center of Hematology, State Key Laboratory of Radiation Medicine and Protection, Soochow
University, Suzhow, China and ?Sol Sherry Thrombosis Research Center, Division of Hematology, Department of Medicine, Temple University School of Medicine,
Philadelphia, PA

Secreted platelet protein disulfide isomerases, PDI, ERp57, ERp5, and ERp72, have im-
portant roles as positive regulators of platelet function and thrombosis. Thioredoxin-
related transmembrane protein 1 (TMX1) was the first described transmembrane member

® Extracellular TMX1

negatively regulates

activation of the of the protein disulfide isomerase family of enzymes. Using a specific antibody, the recombinant
ollbf3 integrin and extracellular domain of TMX1 (rTMX1) protein, a knockout mouse model, and a thiol-
platelet aggregation.

labeling approach, we examined the role of TMX1 in platelet function and thrombosis.
Expression of TMX1 on the platelet surface increased with thrombin stimulation. The anti-
TMX1 antibody increased platelet aggregation induced by convulxin and thrombin, as well as potentiated platelet ATP
release. In contrast, rTMX1 inhibited platelet aggregation and ATP release. TMX1-deficient platelets had increased
aggregation, ATP release, allbB3 activation, and P-selectin expression, which were reversed by addition of rTMX1.
TMX1-knockout mice had increased incorporation of platelets into a growing thrombus in an FeCl;-induced mesenteric
arterial injury, as well as shortened tail-bleeding times. rTMX1 oxidized thiols in the allbp3 integrin and TMX1-deficient
platelets had increased thiols in the B3 subunit of «llbB3, consistent with oxidase activity of rTMX1 against «llbp3.
Thus, TMX1 is the first identified extracellular inhibitor of platelet function and the first disulfide isomerase that
negatively regulates platelet function. (Blood. 2018;00(00):1-6)

Introduction reactions are mediated through a single unique CPAC-active
site.’>1¢ TMX1 preferentially acts on transmembrane polypeptides,
including the B1 integrin, while ignoring the same Cys-containing
ectodomains if not anchored at the endoplasmic reticulum mem-
brane.™ In the current study, we found that extracellular platelet
TMX1 has an unexpected negative regulatory function in platelet
activation and thrombosis.

Platelets become rapidly activated at the site of vascular injury
and have a central role in thrombosis. Of equal importance to
pathways that cause platelet activation are those systems that
negatively regulate platelets to prevent excessive activation and
unwanted thrombosis." Platelets have a number of endogenous
inhibitors that act at the levels of agonist receptor stimulation,
intracellular Ca?* elevation, and RAP1 activation.” These cyto-

solic inhibitors serve to control platelet activation upstream of .

activation of the allbB3 receptor for fibrinogen and other ad- Study de51gn

hesive proteins.? Extracellular negative regulators of allbp3 Generation and characterization of TMX1-deficient mice and the
activation have not been well studied. recombinant extracellular domain of TMX1 (rTMX1) protein are

described in the supplemental Materials and methods (available

We and other investigators have shown that several members of | ©n the Blood Web site). RNA extraction, reverse-transcription
the protein disulfide isomerase (PDI) family of enzymes support polymerase chain reaction (RT-PCR), polymerase chain reaction,
platelet function and thrombosis via their CGHC active-site | Western blotting, coagulation assays, bleeding times, flow
motif. These include the prototypical PDI, ERp57, ERpS, and | Ccytometry, platelet aggregation/secretion, FeCls-induced
ERp72.>™ Each of these enzymes is individually required for thrombosis, PDI assays, labeling of platelet allbp3 with 3-(N-
activation of the allbB3 integrin and platelet aggregation.’ maleimidylpropionyl)-biocytin, and statistical analysis were

There are no known PDIs that negatively regulate platelet described previously'* and are included in the supplemental
function. Materials and methods.

Thioredoxin-related transmembrane protein 1 (TMX1) is a trans- Labeling of thiols in allbB3 with iodoTMT
membrane member of the PDI family that forms disulfide bonds allbB3 (1.5 pg; R&D Systems) was treated with TCEP Disulfide
in newly formed proteins in the endoplasmic reticulum.’'¢ These Reducing Resin for 60 minutes at room temperature and then

© 2018 by The American Society of Hematology € blood® mem mmm 2018 | VOLUME 00, NUMBER 00 1
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Increased vessel perfusion predicts the efficacy of
immune checkpoint blockade

Xichen Zheng,' Zhaoxu Fang,' Xiaomei Liu,’ Shengming Deng,’ Pei Zhou,' Xuexiang Wang,' Chenglin Zhang,? Rongping Yin,?
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Soochow University, Suzhou, Jiangsu, China. *Department of Neurosurgery, Mayo Clinic, Jacksonville, Florida, USA. *State Key Laboratory of Oncology in Southem China, Sun Yat-Sen University Cancer Center,
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Guangzhou, Guangdong, China.

Immune checkpoint blockade (ICB) has demonstrated curative potential in several types of cancer, but only for a small
number of patients. Thus, the identification of reliable and noninvasive biomarkers for predicting ICB responsiveness is

an urgent unmet need. Here, we show that ICB increased tumor vessel perfusion in treatment-sensitive E0771and MMTV-
PyVT breast tumor as well as CT26 and MCA38 colon tumor models, but not in treatment-resistant MCaP0008 and 4T1
breast tumor models. In the sensitive tumor models, the ability of anti-cytotoxic T lymphocyte-associated protein 4 or
anti-programmed cell death 1therapy to increase vessel perfusion strongly correlated with its antitumor efficacy. Moreover,
globally enhanced tumor vessel perfusion could be detected by Doppler ultrasonography before changes in tumor size,

which predicted final therapeutic efficacy with more than 90% sensitivity and specificity. Mechanistically, CD8* T cell
depletion, IFN-y neutralization, or implantation of tumors in IFN-y receptor knockout mice abrogated the vessel perfusion
enhancement and antitumor effects of ICB. These results demonstrated that ICB increased vessel perfusion by promoting
CD8" T cell accumulation and IFN-y production, indicating that increased vessel perfusion reflects the successful activation of
antitumor T cell immunity by ICB. Our findings suggest that vessel perfusion can be used as a novel noninvasive indicator for

predicting ICB responsiveness.

Introduction

Recent advances in cancer immunotherapy have revolutionized
cancer treatment. Immune checkpoint blockade (ICB), designed
to target immune suppressive signals such as cytotoxic T lym-
phocyte-associated protein 4 (CTLA4) or programmed cell death
1 (PD1), has produced durable responses in some patients with
advanced-stage and treatment-refractory cancers, including mela-
noma, non-small cell lung cancer, renal cell carcinoma, and Merkel
cell carcinoma (1-5). However, despite these exciting results, only
about one-quarter of patients experience a benefit from ICB mono-
therapy (2-4, 6). Therefore, novel strategies are needed to identify
likely ICB responders to improve therapeutic efficacy.

Various tissue-based biomarkers have been explored to iden-
tify which patients are likely to respond to ICB. For instance, an
increase in the ratio of tumor-infiltrating CD8" cytotoxic T cells
over regulatory T cells (Tregs) was linked to response to anti-
CTLA4 therapy (4, 7). Greater infiltration of CD8" T cells that
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express PD1 or programmed cell death protein ligand 1 (PD-L1)
was associated with a better response to PD1 signaling blockade (3,
6). Likewise, PD-L1 expression was proposed as a promising bio-
marker to predict the effectiveness of anti-PD1 therapy (6, 8-10).
Finally, mutational load is known to prompt the production of neo-
antigens for immune cells to recognize cancer cells, and has been
linked to positive responses to ICB in the clinic (11, 12). Although
a correlation between genetic mutations and ICB responsiveness
could be used to estimate overall response rates in different can-
cer types, this may not be useful for individual patients (3, 11, 12).
Moreover, these tissue-based methods can provide a baseline
assessment of tumor immunogenicity, but are not suitable for lon-
gitudinal monitoring of changes in the tumor microenvironment
(TME) over time during the course of treatment.

The task of identifying a noninvasive and reliable biomark-
er of responsiveness to ICB is further complicated by the fact
that the response of tumors to immunotherapy differs from their
response to chemotherapy and radiotherapy (2, 3). Pseudopro-
gression of lesions during ICB limits the classification of lesion
size as a direct correlation of treatment responses (13, 14). In this
case, the ability to discern real-time physiological changes within
the TME is more critical than lesion size in assessing actual anti-
tumor immunity. Therefore, we proposed to identify TME-based
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Monitoring the Opening and Recovery of the Blood—Brain Barrier
with Noninvasive Molecular Imaging by Biodegradable Ultrasmall
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ABSTRACT: The reversible and controllable opening and recovery of the 55 Ultrasound SPEGECT
blood—brain barrier (BBB) is crucial for the treatment of brain diseases, and it
is a big challenge to noninvasively monitor these processes. In this article, dual-
modal photoacoustic imaging and single-photon-emission computed tomog-
raphy imaging based on ultrasmall Cu,_,Se nanoparticles (3.0 nm) were used
to noninvasively monitor the opening and recovery of the BBB induced by .-~ Monitoring the Opening and Recovery of BBB -
focused ultrasound in living mice. The ultrasmall Cu,_,Se nanoparticles were (] o o

modified with poly(ethylene glycol) to exhibit a long blood circulation time. N

Both small size and long blood circulation time enable them to efficiently Q@ o e o
penetrate into the brain with the assistance of ultrasound, which resulted in a o Qo
strong signal at the sonicated site and allowed for photoacoustic and single- . 9. o O

photon emission computed tomography imaging monitoring the recovery of °° e o

the opened BBB. The results of biodistribution, blood routine examination, and

histological staining indicate that the accumulated Cu,_.Se nanoparticles could be excreted from the brain and other major
organs after 15 days without causing side effects. By the combination of the advantages of noninvasive molecular imaging and
focused ultrasound, the ultrasmall biocompatible Cu,_,Se nanoparticles holds great potential for the diagnosis and therapeutic
treatment of brain diseases.

KEYWORDS: Ultrasmall Cu,_,Se nanoparticles, focused ultrasound, blood—brain barrier, noninvasive molecular imaging

16,17

D uring the treatment of brain diseases, one big challenge is ma Ultrasound with a frequency below 1 MHz can induce
the efficient delivery of therapeutic agents across the noninvasive, reversible, and temporary opening of the BBB

blood—brain barrier (BBB), which is a specialized cerebral with the assistance of microbubbles (MB)."®'* However, it is
vascular system formed by brain endothelial cells and prevents very challenging to noninvasively monitor and evaluate the
more than 98% of drug molecules larger than ~400 Da in size permeability of the BBB after sonication. A number of imaging
from entering the brain."” To improve the delivery efficiency, methods have been adopted for this purpose, such as contrast-
great efforts have been devoted to developing different enhanced magnetic resonance imaging (MRI),”"™** fluores-
methods to overcome the BBB issue, including: (1) injection cence imaging,”* and immunoelectron microscopy.”*
of hyperosmotic drug solutions,”* (2) modification of drug The above methods have their own merits and disadvan-
structures for active efflux transporters,” (3) improvement of tages. For example, MRI has high resolution but with low
drug solubility to facilitate its penetration,’_'s and (4) sensitivity, and it usually takes a long time to obtain high-
conjugation with targeting ligands (e.g, transferrin and quality images. Fluorescence imaging has high sensitivity, but it
angiopep-2) to enable active carrier-mediated transport across is limited with respect to penetration and resolution due to the
the BBB.” ™! Although these methods resulted in promising presence of the cranium and strong scattering in brain tissue.
outcomes, they have high risks of side effects or low delivery Immunoelectron microscopy cannot record real-time images of
efficiency. living tissue. The shortcomings of these imaging approaches
Recently, focused ultrasound (US) as a noninvasive

technique has been used to deliver theranostic agents for the Received: May 4, 2018
detection and treatment of various brain diseases, such as Revised:  July 1, 2018
Alzheimer’s disease,'”'” Parkinson’s disease,'""® and glio- Published: July 11, 2018
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Synthesis of Pt Hollow Nanodendrites with Enhanced
Peroxidase-Like Activity against Bacterial Infections:

Implication for Wound Healing

Renfei Wu, Yu Chong, Ge Fang, Xiumei Jiang, Yue Pan, Chunying Chen, Jun-Jie Yin,

and Cuicui Ge*

Improving the antibacterial activity of H,0, and reducing its usage are
requirements for wound disinfection. Nanomaterials with intrinsic peroxi-
dase-like properties are developed to enhance the antibacterial performance
of H,0, and avoid the toxicity seen with high H,0, levels. Here, Pd-Pt
core-frame nanodendrites consist of a dense array of platinum (Pt) branches
on a Pd core are synthesized, and subsequently converted to Pt hollow
nanodendrites by selective removal of the Pd cores by wet etching. The
fabricated Pt hollow nanodendrites exert striking peroxidase-like activity due
to the maximized utilization efficiency of the Pt atoms and the presence of
high-index facets on their surfaces. By catalyzing the decomposition of H,0,
into more toxic hydroxyl radicals (+OH), Pt hollow nanodendrites exhibit
excellent bactericidal activity against both Gram-negative and Gram-positive
bacteria with the assistance of low concentrations of H,0,. Furthermore, Pt
hollow nanodendrites accelerate wound healing in the presence of low doses
of H,0,. In addition, no obvious adverse effects are observed at the given
dose of nanodendrites. These findings can be used to guide the design of
noble metal-based nanomaterials as potential enzyme-mimetic systems and
advance the development of nanoenzymes to potentiate the antibacterial

acﬁvit’ of HzOz.

the development of novel antibacterial
agents is highly desirable. In recent years,
developments in nanoscience and nano-
technology have led to the construction
of a series of antibacterial nanomaterials,
including nanosilver, metal oxides, and
carbon-based nanostructures, that have
been utilized to overcome the disadvan-
tages of traditional antibiotics.**'2l Based
on their intrinsic enzyme-like activity,
several nanoparticles have been used in
synergistic antibacterial applications with
H,0,, which can significantly reduce
the amount of both nanoparticles and
H,0, used.'**] H,0, is widely used in
the practical treatment of bacterial infec-
tions as an antibacterial agent.'®!7] Inter-
estingly, functional nanoparticles with
peroxidase-like properties can convert
H,0, into hydroxyl radicals, which are
more toxic to bacteria.'®! Thus, in order to
develop better antibacterials, it is required
to maximize the enzyme like activity of
nanomaterials through tuning their mor-
phology and composition.

1. Introduction Platinum (Pt)-based nanocrystals have been widely applied

in electronics, photonics, sensing, energy conversion, biomedi-
Bacterial infections pose a large public health concern due to  cine, and particularly in catalysis, due to their well-controlled
the rapid emergence of antibiotic resistance.'? Therefore, shape, size, morphology and structure.'>?] In recent years, a
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99Tc0O,~ remediation by a cationic polymeric
network

Jie Li', Xing Dai', Lin Zhu', Chao Xu2, Duo Zhang', Mark A. Silver® ', Peng Li® 3, Lanhua Chen', Yongzhong Li?,
Douwen Zuo®, Hui Zhang®, Chengliang Xiao', Jing Chen?, Juan Diwu', Omar K. Farha3”,
Thomas E. Albrecht-Schmitt8, Zhifang Chai' & Shuao Wang!

Direct removal of 9°TcO,~ from the highly acidic solution of used nuclear fuel is highly
beneficial for the recovery of uranium and plutonium and more importantly aids in the
elimination of ®°Tc discharge into the environment. However, this task represents a huge
challenge given the combined extreme conditions of super acidity, high ionic strength, and
strong radiation field. Here we overcome this challenge using a cationic polymeric network
with significant TcO,~ uptake capabilities in four aspects: the fastest sorption kinetics, the
highest sorption capacity, the most promising uptake performance from highly acidic solu-
tions, and excellent radiation-resistance and hydrolytic stability among all anion sorbent
materials reported. In addition, this material is fully recyclable for multiple sorption/deso-
rption trials, making it extremely attractive for waste partitioning and emergency remediation.
The excellent TcO4~ uptake capability is elucidated by X-ray absorption spectroscopy, solid-
state NMR measurement, and density functional theory analysis on anion coordination and
bonding.
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Palladium concave nanocrystals with high-index
facets accelerate ascorbate oxidation in cancer
treatment

Yu Chong® ", Xing Dai', Ge Fang® ', Renfei Wu', Lin Zhao', Xiaochuan Ma', Xin Tian!, Sangyun Lee?,
Chao Zhang3, Chunying Chen® 4, Zhifang Chai', Cuicui Ge' & Ruhong Zhou® 2>

Intravenous pharmacological dose of ascorbate has been proposed as a potential antitumor
therapy; however, its therapeutic efficacy is limited due to the slow autoxidation. Here, we
report that palladium (Pd) nanocrystals, which possess intrinsic oxidase-like activity, accel-
erate the autoxidation of ascorbate, leading to the enhancement of its antitumor efficacy. The
oxidase-like activity of Pd nanocrystals was facet-dependent, with the concave nanostructure
enclosed by high-index facets catalyzing ascorbate autoxidation more efficiently than the
planar nanostructure enclosed by low-index facets. Our first-principles calculations provide
the underlying molecular mechanisms for the facet-dependent activation of O, molecule and
subsequent ascorbate oxidation. Further in vitro and in vivo assays demonstrate the
enhancement of the antitumor efficacy of ascorbate with these Pd concave nanocubes. Our
animal experiments also indicate the combined approach with both ascorbate and Pd concave
nanocubes displays an even better efficacy than currently available clinical medicines, with no
obvious cytotoxicity to normal cells.
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Multi-hierarchical profiling the structure-activity
relationships of engineered nanomaterials
at nano-bio interfaces

Xiaoming Cai', Jun Dong?, Jing Liu3, Huizhen Zheng!, Chitrada Kaweeteerawat?®, Fangjun Wang3,
Zhaoxia Ji>® & Ruibin Li®'

Increasing concerns over the possible risks of nanotechnology necessitates breakthroughs in
structure-activity relationship (SAR) analyses of engineered nanomaterials (ENMs) at nano-
bio interfaces. However, current nano-SARs are often based on univariate assessments and
fail to provide tiered views on ENM-induced bio-effects. Here we report a multi-hierarchical
nano-SAR assessment for a representative ENM, Fe;O3, by metabolomics and proteomics
analyses. The established nano-SAR profile allows the visualizing of the contributions of
seven basic properties of Fe;O3 to its diverse bio-effects. For instance, although surface
reactivity is responsible for Fe;O3-induced cell migration, the inflammatory effects of Fe,O3
are determined by aspect ratio (nanorods) or surface reactivity (nanoplates). These nano-
SARs are examined in THP-1 cells and animal lungs, which allow us to decipher the detailed
mechanisms including NLRP3 inflammasome pathway and monocyte chemoattractant
protein-1-dependent signaling. This study provides more insights for nano-SARs, and may
facilitate the tailored design of ENMs to render them desired bio-effects.
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Employing an Unsaturated Th*" Site in a Porous Thorium-Organic
Framework for Kr/Xe Uptake and Separation

Yanlong Wang, Wei Liu, Zhuanling Bai, Tao Zheng, Mark A. Silver, Yuxiang Li, Yaxing Wang,
Xia Wang, Juan Diwu, Zhifang Chai, and Shuao Wang*

Abstract: Actinide based metal-organic frameworks (MOFs)
are unique not only because compared to the transition-metal
and lanthanide systems they are substantially less explored, but
also owing to the uniqueness of actinide ions in bonding and
coordination. Now a 3D thorium—-organic framework (SCU-
11) contains a series of cages with an effective size of ca. 21 x
24 A. Th** in SCU-11 is 10-coordinate with a bicapped square
prism coordination geometry, which has never been docu-
mented for any metal cation complexes. The bicapped position
is occupied by two coordinated water molecules that can be
removed to afford a very unique open Th** site, confirmed by
X-ray diffraction, color change, thermogravimetry, and spec-
troscopy. The degassed phase (SCU-11-A) exhibits a Bruna-
uer-Emmett=Teller surface area of 1272 m’g™", one of the
highest values among reported actinide materials, enabling it to
sufficiently retain water vapor, Kr, and Xe with uptake
capacities of 234 cm’ g™, 0.77 mmolg™, 3.17 mmol g™, respec-
tively, and a Xe/Kr selectivity of 5.7.

Thorium is a unique element in the actinide series, and not
just because it is the most common radioactive 5f-element
found in natural reserves. The naturally occurring isotope of
thorium, **Th (f,,=1.405x 10" y), is less radioactive than
that of uranium (*®U, 1,,=4.468 x10° y), yet the need for
experiments aimed at defining the structural properties and
chemical characteristics of thorium has been overlooked.!"!
Indeed, the need for more intensive research interest towards
thorium takes root in two aspects in nuclear chemistry. On the
one hand, a complete understanding of thorium chemistry is
paramount in nuclear energy science, given that **Th is a core
part of molten salt reactors.”) Furthermore, thorium prefers
the tetravalent oxidation state and therefore serves as a useful
surrogate for Pu'Y, yielding valuable knowledge that increases
the efficiency of properly disposing nuclear waste. Beyond
this, the hydrolytic nature of Th'Y has been thoroughly
investigated and it is an understanding of the coordination
chemistry of thorium that is truly overdue. In comparison to
uranium, which can crystallize in four different oxidation
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states (III, IV, V, and VI) and yet is still in dire need of further
solid-state analyses;""! there are nearly eight times as many
crystal structures for uranium as there are for thorium when
considering the recent Inorganic Crystallographic Structure
Database and Cambridge Crystallographic Database. Tho-
rium has been observed in a variety of coordination numbers
(4 to 15) due to having the largest ionic radius (1.09 A) of the
tetravalent metal cations in general” This orchestrates
a myriad of unique coordination geometries with varying
stabilities that will result in the design and preparation of new
materials that may not be achieved in other metal-based
systems.

A strong majority of known thorium materials are purely
inorganic compounds or simple organic complexes, in con-
trast to a mere handful of thorium metal-organic frameworks
(MOFs) that have been explored throughout the past two
decades.****™ The original motivation is to prepare MOF
materials with elevated water resistance and thermal stability
based on high charge density metal cations, similar with those
of Zr'" based MOFs. O’Hare and co-workers synthesized the
first thorium-organic framework [(Th,F;)(NC,H,0,),(H,0)]-
[NO;] through self-assembly of pyridinedicarboxylate and
Th(NO;),, which produced a thorium cationic metal organic
framework.®™  Years later, they reported Th[C.H:-
(CO,):F]-0.3H,0 (denoted as TOF-2)®! that featured nano-
tubular 1D channels with pore diameters of about 1.7-2.7 nm
and a specific surface area of 293m’g~' (CO,, 196 K).
Volkringer and co-workers built a thorium-organic frame-
work as an analogue of Ui0Q-66 that displays elevated stability
and a large Brunauer-Emmett-Teller (BET) surface of
730 m*g~".* To summarize, porous materials with a variety
of specific properties can be expected from the assembly of
thorium with tailored ligands. The exploration of thorium
MOFs is of great importance to thoroughly comprehending
the chemical properties and expanding the applications of
thorium.

We have long been interested in building new types of
MOFs based on the unique coordination chemistry of
actinides.””’ In our recent work, a 2D thorium(IV) framework
was found to display a (6,3) graphene-like sheet topology
analogous to a uranium(IV) structure. Being anisotropic in
character, this structure provides insight into how low-valent
actinide ions exhibit a similar coordination mode frequently
observed in high-valent actinyl ions for the first time.™)
Furthermore, we constructed the first hydrolytically stable
mesoporous MOF based on the 10-coordinate Th** with
superior anion-exchange properties." Notably, all these
compounds do not have Zr'" analogues.
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Emergence of Uranium as a Distinct Metal Center for Building

Intrinsic X-ray Scintillators

Yaxing Wang*, Xuemiao Yin*, Wei Liu, Jian Xie, Junfeng Chen, Mark A. Silver, Daopeng Sheng,
Lanhua Chen, Juan Diwu, Ning Liu, Zhifang Chai, Thomas E. Albrecht-Schmitt, and

Shuao Wang*

Abstract: The combination of high atomic number and high
oxidation state in U"" materials gives rise to both high X-ray
attenuation efficiency and intense green luminescence origi-
nating from ligand-to-metal charge transfer. These two features
suggest that U"' materials might act as superior X-ray
scintillators, but this postulate has remained substantially
untested. Now the first observation of intense X-ray scintilla-
tion in a uranyl-organic framework (SCU-9) that is observable
by the naked eye is reported. Combining the advantage in
minimizing the non-radiative relaxation during the X-ray
excitation process over those of inorganic salts of uranium,
SCU-9 exhibits a very efficient X-ray to green light lumines-
cence conversion. The luminescence intensity shows an
essentially linear correlation with the received X-ray intensity,
and is comparable with that of commercially available CsI:TI.
SCU-9 possesses an improved X-ray attenuation efficiency
(E>20keV) as well as enhanced radiation resistance and
decreased hygroscopy compared to CsI:TI.

x-ray scintillation is the ability of a material to absorb X-
rays and convert the energy into luminescence. This lumines-
cence is typically in the visible region of the EM spectrum and
is ubiquitous in mammography,") computed tomography.””
non-invasive security checks,”! and other industrial applica-
tions."”! Depending on the luminescence mechanism, scintil-
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lators are categorized into multiple subsets.” The majority of
them are crystalline solids doped with guest ions that provide
the luminescence. These materials include Nal:T1, CsI:Tl, and
Lu;AlLO,,:Ce, where the guest ions introduce activators into
the forbidden gap of crystal to achieve X-ray to visible light
conversion. There also exists the class of materials that
possess luminescent host lattices, such as Bi,Ge;0,,, PbOWO,,
displaying so called self-activated emission.”! However, the
development of this material type is slow because most
luminescent ions are faced with self-quenching when the
concentrations are high."! Nevertheless, an ideal scintillator
should be featured with high light output, fast response time,
high radiation stopping power, decent radiation and hygro-
scopy hardness, and good energy resolution.”) Numerous
materials have been screened for scintillation applications,
but to date no single material has proven to be applicable to
a broader spectrum of measurement conditions.”* 7!
Uranium is the heaviest naturally occurring and abundant
element in the periodic table, endowing it with an X-ray
attenuation efficiency superior to many other common heavy
elements such as lead, thallium, and tungsten (Scheme 1).
Another unique property of uranium is the intrinsically
intense green emission originating from the HOMO-LUMO
transition in hexavalent uranyl ions (UO,**).”") In the past, this
has allowed uranium to serve as toners for glazed ceramic
dinnerware, dentistry, and vaseline glass."” In principle, these
two properties support uranium as being one of the best
candidates for X-ray scintillation; however, rejection of
uranium in any application besides nuclear fuel assigns it as
being a research “dark horse” in this utility. This dismissal to

Y Bismuth(Z = 83)

o Thallium (Z = 81)
§ Lead (Z= 82;
§ Tungsten(Z = 74)
=51 *
% Attenuation length = 1/(jx *density) at 30 KeV
= 204 where
_§ is the sum of
® the atomic photoabsorption and inelastic scattering  cross sections.
2
9 154 .
g Uranium (Z'; 92)
10 T T T T T
10 12 14 16 18 20

Density / g/cm:‘l

Scheme 1. Comparison of the X-ray attenuation efficiency between
several typical heavy elements in their elementary states, highlighting
the advantage of uranium. The shorter attenuation length indicates the
higher attenuation efficiency.
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Akt-mediated platelet apoptosis and its therapeutic
implications in immune thrombocytopenia
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Immune thrombocytopenia (ITP) is an autoimmune disorder charac-
terized by low platelet count which can cause fatal hemorrhage. ITP
patients with antiplatelet glycoprotein (GP) Ib-IX autoantibodies
appear refractory to conventional treatments, and the mechanism
remains elusive. Here we show that the platelets undergo apoptosis
in ITP patients with anti-GPlbx autoantibodies. Consistent with these
findings, the anti-GPIba monoclonal antibodies AN51 and $Z2 induce
platelet apoptosis in vitro. We demonstrate that anti-GPlba antibody
binding activates Akt, which elicits platelet apoptosis through activa-
tion of phosphodiesterase (PDE3A) and PDE3A-mediated PKA inhibi-
tion. Genetic ablation or chemical inhibition of Akt or blocking of Akt
signaling abolishes anti-GPIba antibody-induced platelet apoptosis.
We further demonstrate that the antibody-bound platelets are re-
moved in vivo through an apoptosis-dependent manner. Phosphati-
dylserine (PS) exposure on apoptotic platelets results in phagocytosis
of platelets by macrophages in the liver. Notably, inhibition or genetic
ablation of Akt or Akt-regulated apoptotic signaling or blockage
of PS exposure protects the platelets from clearance. Therefore,
our findings reveal pathogenic mechanisms of ITP with anti-GPlbo
autoantibodies and, more importantly, suggest therapeutic strat-
egies for thrombocytopenia caused by autoantibodies or other
pathogenic factors.

immune thrombocytopenia | platelet | apoptosis | Akt |
phosphatidylserine exposure

mmune thrombocytopenia (ITP) is an autoimmune disorder

characterized by low platelet count (1, 2) which is caused pri-
marily by autoantibodies against two major receptors of platelets,
the fibrinogen receptor glycoprotein (GP) IIb/IIla and the von
Willebrand factor (VWF) receptor GPIb-IX complex (3-5). The
autoantibody-bound platelets are thought to be removed by Fe-
dependent phagocytosis in the spleen (1, 2, 6). Therefore, the
main therapeutic strategies for ITP are immune suppression, im-
mune modulation, and splenectomy (1, 2, 7). However, ITP patients
with anti-GPIb-IX autoantibodies present more severe decreases in
platelet count (4) and are less responsive to conventional therapies
such as steroid treatments (8), iv. IgG (IVIG) (5, 9), and even
splenectomy (10, 11), suggesting that a different pathogenic mech-
anism may be involved in anti-GPIb-IX autoantibody-induced
platelet clearance.

Anti-GPIbac monoclonal antibodies were found to activate plate-
lets in vitro (12-16) and induce platelet clearance in vivo (12, 17-20).
More recent studies demonstrated that anti-GPIba antibodies
induced phagocytosis of platelets in the liver through an
Fe-independent mechanism (12, 17, 20). Anti-GPIba antibodies
targeting the N terminus of the receptor cause it to cluster, resulting
in phagocytosis of platelets by microphages in the liver (12). On the
other hand, GPIba desialylation was demonstrated to contribute
to platelet clearance in an hepatocyte Ashwell-Morell receptor-
dependent manner (20). Moreover, shear-induced unfolding of the
GPIbae mechanosensory domain by anti-GPIba monoclonal anti-
bodies was found to trigger signaling, leading to platelet clearance
(21). Therefore, while increasing evidence suggests that anti-GPIba

www.pnas.org/cgi/doi/10.1073/pnas. 1808217115
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autoantibodies may induce platelet clearance via an Fc-independent
manner, the mechanism for anti-GPIba antibody-induced thrombo-
cytopenia remains elusive.

GPIba, the main subunit of the GPIb-IX complex, contains
binding sites for several important ligands including VWF and
thrombin at the N-terminal extracellular domain (16, 22, 23).
The interaction of the VWF multimer with GPIba induces
translocation and cross-linking of GPIb-IX complexes in lipid
rafts (24-27), triggering signaling cascades (28, 29) and leading
to platelet activation and thrombus formation (30, 31). In-
terestingly, we found that the GPIba—VWF interaction could also
induce platelet apoptosis, but the mechanism remains unknown
(32). We recently reported that protein kinase A (PKA)-mediated
platelet apoptosis occurs extensively in pathophysiological condi-
tions (33). Moreover, accumulating evidence suggests that various
pathological stimuli lead to thrombocytopenia in many common
diseases, such as infection, cancer, diabetes, and heart and circula-
tion diseases (34-37). However, little is known about the patho-
genesis leading to thrombocytopenia.

In this study, we find that anti-GPIba monoclonal antibodies
induce Akt activation and Akt-mediated platelet apoptosis. We
demonstrate that platelets undergo apoptosis in ITP patients

Significance

Immune thrombocytopenia (ITP) patients with antiplatelet gly-
coprotein (GP) Ib-IX autoantibodies appear refractory to con-
ventional treatments; however, the mechanism remains elusive.
Here we show that the platelets undergo apoptosis in ITP pa-
tients with anti-GPlba autoantibodies. We demonstrate that
anti-GPlba antibody binding activates Akt, which elicits platelet
apoptosis through activation of phosphodiesterase (PDE3A) and
PDE3A-mediated PKA inhibition. Phosphatidylserine (PS) expo-
sure results in phagocytosis of anti-GPlba antibody-bound
platelets by macrophages in the liver. Notably, inhibition or
genetic ablation of Akt or Akt-regulated apoptotic signaling or
blockage of PS exposure rescues the platelets from clearance.
Therefore, our findings reveal pathogenic mechanisms of ITP
with anti-GPlba autoantibodies and, more importantly, suggest
therapeutic strategies for thrombocytopenia caused by autoan-
tibodies or other pathogenic factors.
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Long Noncoding RNA CRYBG3 Blocks Cytokinesis

by Directly Binding G-Actin
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Abstract

The dynamic interchange between monomeric globular
actin (G-actin) and polymeric filamentous actin filaments
(F-actin) is fundamental and essential to many cellular pro-
cesses, including cytokinesis and maintenance of genomic
stability. Here, we report that the long noncoding RNA LNC
CRYBGS3 directly binds G-actin to inhibit its polymerization
and formation of contractile rings, resulting in M-phase cell
arrest. Knockdown of LNC CRYBG3 in tumor cells enhanced
their malignant phenotypes. Nucleotide sequence 228-237 of
the full-length LNC CRYBG3 and the ser'* domain of B-actin is
essential for their interaction, and mutation of either of these
sites abrogated binding of LNC CRYBG3 to G-actin. Binding of
LNC CRYBG3 to G-actin blocked nuclear localization of MAL,

Introduction

The dynamic actin cytoskeleton in eukaryotic cells plays
multiple roles in regulating cellular morphology, motility, and
vesicle trafficking by exerting mechanical forces, which alter the
shape of the plasma membrane (1, 2). In vertebrates, three
main groups of actin isoforms, a-, B-, and y-actin, have been
identified. The o-actin, mostly found in muscle, is a major
constituent of the contractile apparatus. The B- and y-actins
coexist in most cell types as components of cytoskeleton and
mediators of internal cell motility. It is widely recognized that
the diverse range of structures formed by actin enable it to fulfill
a number of specialized cellular functions including cell divi-
sion, cell mobility, vesicle and organelle movement, embryo-
genesis, wound healing, and tumor invasiveness, among others
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which consequently kept serum response factor (SRF) away
from the promoter region of several immediate early genes,
including JUNB and Arp3, which are necessary for cellular
proliferation, tumor growth, adhesion, movement, and metas-
tasis. These findings reveal a novel IncRNA-actin-MAL-SRF
pathway and highlight LNC CRYBG3 as a means to block
cytokinesis and to treat cancer by targeting the actin
cytoskeleton.

Significance: Identification of the long noncoding RNA
LNC CRYBG3 as a mediator of microfilament disorganiza-
tion marks it as a novel therapeutic antitumor strategy.
Cancer Res; 78(16); 4563-72. ©2018 AACR.

(3). Cell division is normally accomplished by separating a
parent cell into two daughter cells through cytokinesis that
involves a contractile ring composed of actin, myosin, and
a-actin (4). Actin is actively formed in the contractile ring with
the participation of Arp3, formin Cdc12, profilin, and WASp,
along with preformed microfilaments. Once the ring has been
constructed, the structure is maintained by continual assembly
and disassembly by the Arp2/3 complex and formins, which
is key to one of the crucial steps of cytokinesis (5). In multi-
cellular organisms where tissue specialization is critical for
maintenance complex cellular function, for example cellular
adhesion and motility in normal epithelial cells and cellular
invasion and metastasis in cancer cells. These cellular processes
require actin cytoskeleton and cadherins that act as extracellular
elements in both normal and cancer cells (6, 7). As such, it is
essential to clarify the regulatory process and molecular
mechanisms underlying the remodeling of actin cytoskeleton.

The dynamic process of actin polymerization and depolymer-
ization is regulated by a group of actin-binding proteins (ABP;
ref. 8) including profilins (9), B-thymosins (10), Wiskott-
Aldrich syndrome protein homology domain 2 (WH2)-contain-
ing proteins (10, 11), actin depolymerizing factor (ADF)/cofilins
(collectively referred to cofilins; ref. 12), twinfilins (13), cyclase-
associated proteins (CAP; ref. 14), and Rho GTPases (15). Actin
dynamics induce MAL nuclear accumulation and affect the
activity of serum response factor (SRF), which activates numer-
ous downstream genes (16). Furthermore, many mRNAs or
noncoding RNAs (ncRNA) can bind to actin (17, 18), but none
of them is known to affect the structure of actin.

In recent years, long noncoding RNAs (IncRNA), defined as
ncRNA molecules greater than 200 nucleotides in length, have

AACR

Downloaded from cancerres.aacrjournals.org on August 22, 2018. © 2018 American Association for Cancer Research.
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