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AE 3 KR 43 A 2L R i R I A RS AS [ SR A 3 1) s 1] 7 ) ol 4 i
(LMSCs) 45 3 I 20 M i i e A AE ML RE 0, R RO, FLI e I e+ 1
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S MR T B Wi SR B R2 60 LMISCs s ik kM C3. BT SR 78t &
B R KR Bt A K HE C3. R C3 sk MSCs LA K C3a 324k /N, F
FeE 7 LMSCs 2%k (1 OO T 70 i i C3 LA L HA LA C3aR Xtk ir
ANMFEEE . HhAh, C3 Refs it R AN A G R (NETS) 2k, M5 BhL
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A5 AR L8 200 M 4 TR B
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F7 o e AR AT L e e A R A A el i U G 20 B ST R AR AUARRAE,
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AILLHE TS STAT6 {5 Sl R E1E LMSCs 3Kk C3. %M Ft R 1 76 FL e i i e 72
PMN JERGEREF Th2 4iiffl. LMSCs AR PRk H MU AL D e IR sl #m 2%
JH“ LMSCs-STAT6-C3- 4 ki 4 fI-NETS” FII& 43, % MiJag 41 B 52 A8 A 75 79 PMIN
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A

B 1.1 i MSCs 3 it 433 fMA C3 a4 A WL 200 i S5 9044 7 A A S5 (2 4k 2L M e
it 7%
2. HLEEHHE MK RNA REEE AR ERFILE]

R AR FE R H AT B bR, SR R A KRB EDIMS. B
CDC20. Bubl 1 Bub3 JERUHIA 3 Rt & iR Gk, ULASZEEHA L3R
R R E Gk (APCIC) , RYiARLIZER A S (SAC) MEBA R, Xt
THR IR BT BHIA e C AR 1) T 23 88 DA SRR A AR e PE R A T R L A
M, 1EH%nREREp, GLARRESE AR (MCC) anfal B i 1 2 LA {7
EHA L0 ZEEH AT NI AT 2

FERCHTHIAITFErh, FRATR IR & 748 515 5 1) LNC CRYBG3 7] L5 Bub3 45
&, T Bub3 5 CDC20 HIFHEAEM, Mi-SH MCC HIThRE &AL, RAFEAE
AR A, FRERAATRE « 12T R B4R 55 3 AR gm i RNA RIE A
O R A U 2 1 A 2 IR T IR R R AR AL, AR T /N A i P
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KIEAEMERLEE, NAE/N i 2 W, R T S St TR . AR
B R FAE Oncogene, 2021, 40, 1821-1835 .

Cell division Cell cycle arrest Abnormal cell division
(Overexpression of LNC CRYBG3)
= = PR

e o= C3m —
= d— g7
N = =
Spindle Checkpoint Off Spindle Checkpoint On Spindle Checkpoint On
Mad2 Mad2 Mad2 NC CRYBG3
Cdc20 feac20 - oo Tumor
- BubR1 BubR1
BubR1
w) Aclive : Inactive Active
ub ; ub :
Ub —— > R— ub v
r  Sepanase securin  [SEparse b .
- o Securin . Separase
Active Inactive
il | Active
[ cone M o [ Cobesin | H
Cleaved In @ ? 2
! t-act Cleave Aneuploidy
) A ' b
| ! 1 1 i
S TRy Lo ( 1y

| b
& 1.2 IncRNA it i #8 [/ 275 8 1 L e e 6 o 3 S04 A 96 B 348 1) 73 WL A

3. ETEETHUTR RIS RNA HER TR TR

it A2 F Rt SV ] N AET R AR R B i 2 —, B N SRR
BT A IR 1 = K7k 2 —, AR Va7 s R, AR, (R G
T7 FITAEFH (R0 7 SR AN DU Z SR IR T ROR B, 1T HLBAT 6 g o) T A 2
GUROTECR S T8UT 5 IR 5 RS A5tk ni . BB TR OROR S 1 X — 3
W, BAMX AV ERON R EIG R, A5 T2 i 25 B AF F /NS5 A
RIS Dy 21 28 e it R AITBOT S 4k i G B S R R RTS8 40, LNC
CRYBG3 & — it ££ fi ez 4 Jf0 7 K S 7 i o7 2 25 1 AR IR K K BE TR S S RNA, B REWS
iH3d 5 G-actin BAF -3 BUNLANE 40 AR -E L0058 5 A8 12 LR RE A2 32 24
PRIk, fEE IR ROl A R iR R S AR, BES R LNC CRYBG3 M H]
TR B T T RO AR T MERR R MR AR ATz
FIF AWt 78 AIE 25 KRR 2 SR BRANK T (PIONS) {8 Hhz —,
DRI RS SR AR AT VR PR T AR A S DR ik A R 3R . 84, PIONs fFOyEE
TR R R R R TR IR AR 45 B PIONS L R HOG R REAN B 1 1180 T 4
SR B AR O ROR NI e A% e 22 DX VR AR A5 T IR s
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FATHA T 455 PIONs -6 RIAYT (PTT) F1 LNC CRYBG3 /i3 [ £E 4]
J7ik (GT) KA KNt (A549) [MmTREME. ik, FRATHE T Bk
pcDNA3.1-LNC CRYBG3, Jfifijd PIONs #Hi%i% % A549 AifLlid %k LNC
CRYBG3. #5H %K, PIONs ] LLA &t # pcDNA3.1-LNC CRYBG3 #5i7 1] 4
frf, JfH LNC CRYBG3 fEfitm 4t iy b s Thid Fik . EBCAIRYTH, —Jm, ik
ZL AN ST PIONS 7748 f #k i m LI 7 pcDNAS3.1-LNC CRYBG3 BEBUIRCR .
PR AR 7 AR R A EE T DB A A SR SN E 42°C LA B SR IG A fl e 41
o S—J7TH, W E 2T IR LNC CRYBG3 A 7E il 8 40 g o P M UL 50 25 13 40
A, IERE A 2y RS, SN T, AL BT IR R R R A
R, BEAS5HEECIT BUT AR EIFEH . PIONs /3 Hs#alml gl LNC
CRYBG3 /M4 EE I IL R AR FEMER, I RRIL s b e s bl L, AR
TERE MR RS HE 216 52 it 70 Bk . AHOCHUR K R AE Bioactive Materials, 9 (2022),
157-167.
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E
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# i

cell apoptosis blnucleated cells
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1. DLL1 #KR ML IEF AL RHR RS 5 % iayT AR

JBU 5 GBI T R B AE VR YT T, I NSRS R A R 1A,
(B H BT — # e oiE BB RAT 1 RE AT R S RO BR LS R H e A PR R AR
GBS (10 iR A 85 2 FELAS AR O 5 e B iR 1 — D E . P, @
AL 375 PR A IR AR SRR MR A BT, A B e IR A, AT A R
U5 IR RCR . B RE I IR e MU A T, WA B AR K A (VEGE)
S, nJULE ORI IR AL, (EHOIEE ISR EE AR, 3 B RID TR
JTRR IR TT e A IR R, SR - 308 IR SRS £ 532 (8 e RS
it 88 1 e LA A 5

Notch {5 S BEEEAIMI b . A ARG MAKR B 507 T #8 R 1545 EEAE .
ALY 4 4> Notch 524&F1 5 /NACLAA: Delta-like 1(DLL1) . DLL3. DLL4. Jagged
1 A1 Jagged 2. FLrf, DLL1, DLL4 Al Jaggedl C#IERHAE N gl ffirb %15, 25
PR LA A B 4% o BT SBIE 7E 2 WA K SIS DLLA/Notch {7 538 4 B ] 400 il g A=
K, EFERILER. oL, RAVMRER, @i EfErEeE DLLYNoteh 15 538
B R SRR L IE A, ZAE A FERE CD8* T 4UMu iR P R 45, B4l
) ML 2R AR IRE o 28 S B FRI B 58 . APy 25 CD8* T il il /N R AT
Pz y (IFNy) WIiEe DLLL 5 S 00 g AR Kb R AU B w Ak . Bk, 3%
18 ORI DLLY RIS RO M 1E 1k, RRSE G B SO 555 Hp (1 S
GUBEIIHIER, R SR BOR 5 i T B8R (B D o« AR IR
LA DLL/Notch 15 = il i 1 25 W) 2 68k 7 — Rl 6 o AHOC i SR BA Direct
Submission 75 7. & % {E Proc Natl Acad Sci U S A, 2021, 118(22): e2020057118.
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2. JTRAHERRARIC IS GNK B S 3 R TR SR BEVR T BT AL

H T BE MR REEM S FERE, WK B TR 2 5Bk &
RIZREiR YT 7530, Her BT TBON PR R 2 1 N B0 2 R i A g AN mT a2
IR — o XS THMVERR, R0 R WY AT R IR A B AR . L 508
HIBEFE e, A TR A D H IR S U R R R B S, B 1B R ER AR
WA DL H IR IE I Ak A% (53-99m PRIl e 2K BIiE (P"Tc@Au NCs) Fileh
177 FRiE I EGUKER (TLU@AU NCS) D o X RO AL F AR IE 1 S 9K J R
ANSCRT LA 5 SR [RI A7 28 N BOTT BT RCR 38 AT LI I s B SR 4H L (DCO
K FHUME R R N . 74 TTLU@AU NCs 5 G i 25 il f (a PD-L1) B
G5, HalATREE R R R, RN s R R AR . BeAh, FEBUR TR R
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B 2.2 LT FRURPEAZ ZbR 0 R e 0 oK [T 18 o Jri R T8O S e ¥R T T 9

3+ /I Cu2-xSe GIKITFORLAR AL BT AH < R 4H 38 5 0 e S B2 AU L1
VR A R S RO SR (TIME) B 32 4 2t TN 2 8 AR A 5 A PR

T MRS BT (TAMS) &SR th i o= & s b di i, £ 4
iR P A A ) 50%, SE T R IR BERR A K M2 R ER AR, 0 iR AR
K. B, REREEEIER. A, CATERACHUMIR T 40000 50 H5E
Pedugs. MR, ML ZY E A0 E A B e A R pTR SR SRR D, mTE i
WEPLIR CD8' T 4 (4HMusE T bk 4iffe, CTL) B8 s/ RS A
i, K M2 B A AR AL A A AR AR K 1Y ML B I A BOA A R S s
R G e SR . H R, K2 HOE AR TR GR BN IE L. TAMSs (1254,
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SRIMAKITRLA IR TCHLGURITRL, )ik TAMs (BBLEI A B, 1 HE
FLE B TAMs R AR 70 G i 0E

M (Cud Al (Se) RAERFHLA(ER AT T IME TR, HIHA BTN
KIFURLAE IR 16T TP s M ECRIVE . FERTII AR 2, AT T8 &
AL /N CugxSe UKL, A HAEIT 04— X A X (NIR | &2 NIR 1D
FAT BRI, AT DB I 40 Mt s ot s A o, T BRa 1 e 75 il A5 R e 14
1BY7 (Adv. Mater. 2016, 28, 8927-8936) , U4k, ZSALE AGOKFIRL 13541 £ T
BEfL$2 6L T ) R 218 (ACS Nano, 2017, 11, 5633-5645; Nanoscale, 2018, 10,
3130-3143; ACS Nano, 2019, 13, 1342-1353; ACS Appl. Mater. Interfaces, 2020, 12,
4231-4240) . Hrp, /) CuaxSe GUAKIBURLHA I 7 AR V] Bt A R 4 1 A2 )
FIZEME (Nano Lett, 2018, 18, 4985-4992) . TEITZLAMERET, CuasSe YUK A]
PAE R N Ha02 1 Op [N, 3l o717 % R e 52 5 B 1 AT 3L 7 A 3 1 4
(ROS) , SEZHLGEh 7181597 (Nanoscale, 2019, 11, 7600-7608; ACS Appl. Mater.
Interfaces 2019, 11, 16367-16379) . fELIGHRAVIEOL T, #/)N CuzxSe gk UkL A]
et Cut BT (Nanoscale, 2019, 11, 11819-11829) , 5f& N ) HoO, il it 2875
iU B4 Oz 2 ROS, SEBUL B J3iR 7 I . Ak, B m] LI 4 g vy 350
H202 W LA L 42 ROS HIAL A S BOE 2, 7R fRd A #R ™ 25 K ROS T #2 i it i
JEJ7 2 (Adv. Funct. Mater., 2020, 30, 1906128) .

ST MR TS A R E R M2 RO A OC BRI, T ROS W] LUSE g 24 Ffa B
b, Bk, TR/ CuzxSe GNKBURIGT TIME F 105 200 it 2 54 (10 5 mi R s 70 AL 61
HAREEE L BATKIN CuzxSe GHAKIURL AT A 24t 75 5 EWR 40 i 4= ROS, itk
IR SE IR T 32 AR R 1 6 (TRAF6) KAz 24k, #F—BHud it M1 Y B g
N AR A B R TR R TR T 5 (IRFS) , {233 RIS 5 7 A4
A& 23 (IL-23) fUFRIE, MM 535 FEAE M2 R S 4 by 54 CD206 1 Arginasel
(Argl) )ik, HGar M1 B B4 iudr 547 CD80 Al CD86 HIZis, i1 Rt
Y B (BI6F10) A1 TAMs iy M1 &Y. [FBF IS E /M I, CuzxSe 44
KIURL BRI T A2k ML 7Y B W 4 A A P o 2 S TR NF-xB, (ER B2 LT
WiE SR — AR AEE (INOS) MIFRiL. Rk, #8/ CuzwSe YK BRI 1k Fi 4
JLf¥) ROS-TRAF6-IRF5-1L-23 HriL il Bl B AN A T £ 48 ) ROS-NF-xB-iNOS #Liil.
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BEAh, CuzxSe HHKRURLIEIT 5 [ 4 e VEHIFTMIE CD8" T iyl AN S 112 %
J8, AT i A 1 B16F10 R i AR K R Bk, i KN RAEAF I . it
FHN CuzSe HKRURLHTIMIE GBI T B8 736l M OCHT 7L BUR T kK R AE
Advanced Functional Materials, 2021, DOI: 10.1002/adfm.202108971., £ 5 H!,
CuzxSe PR AN AT LAARAL MR AR ¢ ELWR AN A, ad mT DL /N T A i e Y,
X T AR T e < AR B 22720 (J. Am. Chem. Soc., 2020, 142,
21730-21742) .
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&« 4
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? ‘g M1 macrophage CD206, Arg1}

B 2.3 CuaxSe R K FIURE 8 ik B AL rigg #H 2 B REZR A (TAMS) A M1 3R R H0 i) e
K.

(=) BB
1. F# COF #RL AT 12 & CHal FLFRHIR
MR K G U A TR — . RBHIERA TR 4l-235 2428 =4 v it 5] o7
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RYH 0.69%, SEAZERM AR R EBUREEYZ —. EAFE R, Rk
(UNF) & fRAEWRIE IR 23 5 BRSO 1RO 5 A0 2 5t OB Tt ok o i 7
b P A RV AR RS, (dissolver off-gas, DOG) Wi A i) 3= B4k 24 o 2 4% & 1 A 3L
JRFICRBUART (12) FARMA P G UM 2 3600 o B EE R R
1291 AWK (16107 ) , HAb—MRIAER 1311 B LE R, 10
HA TR (8.02d) o« ARIBUNEM) 278 KRR R IF 2 AR
NVUBE FRBR A, B AR A e e RO 2 . DRIk, ZERZ IR} IS b 3 AN
BB AR, WA TR SR RO TR, X4 HBEAR A
NAAERE, 3T SE A% RE 10 AT RES R SR R E B . BFSLIT R & Al ThREM RL LA 3L
PO AR M HE SO A BB R S, H i TRRRE B M B G0,
IR RIREE S, BB EER, RS S, MR AR HAA Ry b, HARAE
REFLAFBRIESAR (W1 NOx. HNO3) 4§, W] 47 24 1) 25 Bk S A B AR 5% rh IR JBUR 8
AT SR 2 — Bk

G TAERSERT A 7 AN AT HIHELE (COFs) FHRIEAR L) B 52 J5 AL B IR S A 15
T, I XHCR BB A T . BRI IR B B B BCR . 7E H T SR E R,
SCU-COF-2 R A TEFFA 2T T XF CHal s I B 28 & (1.45 9 g™ NS FidE %
TR L B R AR (0.98gg™) » HIJLTPARZ KE T4 /KIS s IR
SN, B ZISHT R COFs A BHERZ B MU 2 B0 Z SRS Kb B3 A 0 TS M I s L
it ) B S R T TH LA MR I SE A . Chem, 2021, 7, 699-714. (ESI Highly
Cited Paper)

A B

i o o
_ ot QO

ETTA 2,2-BPy-DCA

0-DCB:n-BuOH:HOAc (6M) = 9:1:1

22



2« BB F Tco4- MmN B

99Tc & = MAKL G AL BV AR b B AR MR R 2 —, kK
(2.13x105 ) A= Fim (6%) « HAEKEMH 3 Z LURARE 1 99Tc04-1Y]
BB 99TcOA-R A ML A HIRE AL, IRMERLIRFE 2Bk o A RTBUR IR P B4
ZiBR 99TcO4-HA HE R . AR, 7ESTBUR RIS IS T GRIBURTE . @B T
S SRR R AR BE), ARG RMR MR AR e, U R I = R AR &R e BT
EZ IR N Rty v B N o] i 5 o ) N S A i P I RE BT Zi RO 0 8
U E0TIX— Rl L, DRMIR 5 S MR A T 2020 AE4RIE T — 1815 WL A i
SEBRATRH T MOF #4 8} (SCU-103) , B X SEIL 1 S o PR 14 & Hh 99TcO4—
(i FE 2% (Nat. Commun. 2020, 11, 5571.) . SCU-103 7 & JU5 fnk it 5 2 Wik b
Xt 99TcO4—H A RITFHILBRIERE, (HAEK B AR Bt S 563 78 v 5 4 45 ) 1) Al
SR, W REA AT REAR, AR AR S B S SR A R AR E VS A BOR M HE S A R] . Rk,
QAT g A0 2 ok SRl A s SR VR A 2R R T 1 99 TeO4—A75 A2 AR L Bk i e 1 R

2 LA I I 8 K P 45 6 1 Jo) R DR 1 i /K e R 0 B A 6 Bl T — 91 T it
i 8 SRR PR e R MR O B S8 P MR 54 (SCU-CPN-4) o TR 1 15 Ge 0 bR AL B
R M2 I FRIEACANAR A E PEZ BB Ao SCU-CPN-4 Xf % TcOs R I AL 5+
FAS P BOR,  ALHE BAT AR R B Bl 775 a1 R B 725 45437 malg) LAk
W R B R . 4k, SCU-CPN-4 #4 kG BAA IR T ids e tE, 7£1 M
f1t) NaOH ¥V RN DL A 58 i 1 2E BL4R7AT (SRS) i FSUE W P 4t 0 Te O R L H AL S ) 3
AR B RCR A7 B Al TR SRR P JBOR PR PR R T 9 TeO4 5 B B 1Y) 17 /. (ACS Cent

Sci. 2021, 7, 1441-1450)

SCU-CPN-4
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3. RSB AEVHESRE (MOFs) FT WisHa Rk

Hi FDA FE—3ttiE A T I R IR IR S0 R R HE 25 ——DTPA K245, BT &
TR ZE, SFEOTH IR HFRCR AR, PR T AR R (2 HE U 1 R o
A TAEZRSEIR M T 91Kk MOF R T4k A 81 R s RAEHE 07U B S, Hil4& T — B
RIS 49K MOF #4 K——Ui0-66-(COOH)4. JEiL FI F £ J& 75 s Al Al
TC 7 368 o 2 TR 2L 286 T Pt Al B S R P VR BB T R R, 45 A AR (9 S A
RO RNALIE PRIBAN, BB TR A A R R R, DS T R
I PR E T R HE . SO0 25 TR B ZT R Xl Tk 5 2 L R DL W B 3 2
AR SR RS T R0, I H RO — DA SR AR BB IR R il & 2, (R HEROR
LT DTPA, eI e B —3 %8 B e HE5).  (Angew. Chem. Int. Edit.,
2021, 133(3), 1670-1674.)
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Detecting ionizing radiation using halide
perovskite semiconductors processed through
solution and alternative methods

Yihui He'?5, Ido Hadar

35 and Mercouri G. Kanatzidis

2404

The direct detection of high-energy radiation such as X-rays and y-rays by semiconductors at room temperature is a chal-
lenging proposition that requires remarkably pure and nearly perfect crystals. The emergence of metal halide perovskites,
defect-tolerant semiconductors, is reviving hope for new materials in this field after an almost 20 year hiatus. Metal halide
perovskites, which combine exceptional optoelectronic properties, versatile chemistry and simple synthesis, are challenging
traditional approaches for the development of novel semiconductors for detecting hard radiation. We discuss the relevant phys-
ical properties, promising materials, fabrication techniques and device architectures for high-performance, low-cost detec-
tors by targeting next-generation semiconductors for radiation detection. We also present a perspective on the impact of such

advances in future medical imaging applications.

megaelectronvolts (keV, MeV) are used in various photon-

ics applications, such as medical imaging, industrial inspec-
tion, astronomy, the nuclear energy industry, high-energy physics
and radioisotope identification in homeland security'~". The direct
detection of X- and y-rays by semiconductor materials at room
temperature is of great interest, as such devices are anticipated to
offer unparalleled performance in terms of image quality, energy
resolution and system volume. However, semiconductor detectors
have so far been deployed commercially in only a few specific fields
and applications.

These applications are primarily based on two semiconduc-
tor materials: amorphous Se (a-Se) films in large-area radiogra-
phy imaging and bulk Cd,_Zn Te (CZT, x~0.1) single crystals in
homeland security and nuclear medical imaging™*. These materi-
als are limited by either their sensitivity (a-Se) or processability
(CZT). Progressively more demanding requirements in precision
medicine and nuclear threat reduction have imposed higher stan-
dards on the development of room-temperature radiation detectors.
Semiconductor materials capable of achieving superior perfor-
mance, but at a substantially lower cost, are therefore in demand
and have been sought for decades.

Solution-processed metal halide perovskites (MHPs), which have
the general formula AMX, (where A=CH,NH,* (MA), HC(NH,),*
(FA), Cs*; M=Ge*, Sn*, Pb**; and X=CI", Br~, I"), have emerged
in recent years as a promising class of semiconductor materials for
optoelectronic applications™™". MHPs were first used as absorbers in
photovoltaic devices and quickly achieved high efficiency compa-
rable to that of state-of-the-art traditional semiconductors such as
Si and CdTe (refs. *-""). These advances have ignited great efforts in
research of MHPs, which have clarified their unique and desirable
characteristics and quickly led to their implementation in applica-
tions such as light emission and detection'’.

X -rays and y-rays with energies ranging from tens of kilo- to

On the basis of these studies, MHPs were also considered for the
challenging task of X- and y-ray photon detection. The superior
carrier transport properties of MHPs, which are based on a spe-
cial type of defect tolerance that derives from the idiosyncrasies of
their chemical bonding and electronic structure, together with their
high effective atomic number (enabling high stopping power, suit-
able bandgap energies to achieve low dark current and versatile syn-
thesis routes) make MHPs ideal candidates for these applications.
This so-called defect tolerance in these materials, however, though
much better than classical semiconductors, it is not unlimited. The
first example of MHP-based X- and y-ray radiation detection was
introduced in 2013 using a melt-grown CsPbBr, semiconductor'”.
The successful use of CsPbBr, for radiation detection has brought
other MHP counterparts to the forefront, as they were substantiated
both as direct detectors (semiconductors) and indirect detectors
(scintillators) """,

This Review focuses on the application of MHPs as semiconduc-
tor detectors for high-energy X- and y-ray detection. We present
the primary application-oriented material requirements, discuss the
two detection schemes (the charge-integration and single-photon
modes) and present current approaches for defining and obtain-
ing these criteria. We discuss the unique features of the family of
MHPs, specifically in dimensionality reduction and their influence
on detection in the charge-integration mode. Versatile fabrication
routes for achieving different device geometries are also discussed.
We then review the MHP semiconductors used for X- and y-ray
spectroscopy in the single-photon mode. Finally, we present an
outlook on the unresolved issues and future approaches for detec-
tors and applications based on MHP semiconductors. We antici-
pate that this Review will direct the attention of other members of
the MHP community towards materials development for X- and
y-ray detection and encourage researchers focused on detectors
to explore and further develop advanced devices based on MHPs.
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Daratumumab Immunopolymersome-Enabled Safe
and CD38-Targeted Chemotherapy and Depletion of

Multiple Myeloma

Na Yu, Yifan Zhang, Jiaying Li, Wenxing Gu, Shujing Yue, Bin Li, Fenghua Meng,
Huanli Sun,* Rainer Haag, Jiandong Yuan, and Zhiyuan Zhong*

Multiple myeloma (MM) is a second ranking hematological malignancy.
Despite the fast advancement of new treatments such as bortezormib and
daratumumab, MM patients remain incurable and tend to eventually become
relapsed and drug-resistant. Development of novel therapies capable of
depleting MM cells is strongly needed. Here, daratumumab immunopoly-
mersomes carrying vincristine sulfate (Dar-IPs-VCR) are reported for safe
and high-efficacy CD38-targeted chemotherapy and depletion of orthotopic
MM in vivo. Dar-1Ps-VCR made by postmodification via strain-promoted click
reaction holds tailored antibody density (2.2, 4.4 to 8.7 Dar per IPs), superb
stability, small size (43—49 nm), efficacious VCR loading, and glutathione-
responsive VCR release. Dar, 4-IPs-VCR induces exceptional anti-MM activity
with an 1C5, 0f 76 X 1072 M to CD38-positive LP-1 MM cells, 12- and 20-fold
enhancement over nontargeted Ps-VCR and free VCR controls, respectively.
Intriguingly, mice bearing orthotopic LP-1-Luc MM following four cycles of i.v.
administration of Dar, ,-IPs-VCR at 0.25 mg VCR equiv. kg™' reveal complete
depletion of LP-1-Luc cells, superior survival rate to all controls, and no body
weight loss. The bone and histological analyses indicate bare bone and

organ damage. Dar-IPs-VCR appears as a safe and targeted treatment for

liposomes and polymeric nanosystems
has been a major strategy and obtained
booming development.? Amidst them,
antibody and antibody fragment deco-
rated  immuno-nanomedicines  have
gained particular attention due to their
high specificity and affinity, as evidenced
by marketed antibody-drug conjugatesl’]
and undergoing clinical trials of sev-
eral immunoliposomes (e.g., MCC-465,
MM-302, C225-1Ls-DOX, and MM-310).1
The immuno-nanomedicines based on
liposomes and polymeric nanoparticles
(e.g., poly(lactic-co-glycolic acid)) though
have shown enhanced tumor cell uptake
and good safety brought about only mod-
erate therapeutic benefitsP! partly due
to their large size, insufficient stability,
suboptimal ligand density, and prema-
ture drug leakage. The lack of robust
and small-sized nanosystem that allows
stable drug loading and facile and con-

CD38-overexpressed hematological malignancies.

The development of actively targeted nanotherapeutics to
realize specific homing and augmented retention in the tumor
site as well as boosted internalization by tumor cells is a pri-
mary goal of nanomedicine for revolutionizing cancer treat-
ment!! Installing affinity ligands such as peptides, small
molecules, antibodies and their fragments onto the surface of

trollable antibody conjugation is a major
hurdle for clinical translation of targeted
immuno-nanomedicines.

Multiple myeloma (MM), the second
most common hematological malignancy, remains incurable
and tends to eventually become relapsed and drug-resistant.l®!
Daratumumab (Dar), the first-in-class CD38-specific IgGlx
monoclonal antibody, has recently emerged as a new treat-
ment regime for relapsed/refractory and newly diagnosed MM
patients due to the relatively specific overexpression of CD38
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Heavy-Atom-Modulated Supramolecular Assembly
Increases Antitumor Potency against Malignant Breast

Tumors via Tunable Cooperativity

Zhenggqing Guo, Hui He, Yi Zhang, Jiaming Rao, Tao Yang, Ting Li, Lu Wang,
Mengke Shi, Mengya Wang, Shihong Qiu, Xue Song, Hengte Ke, and Huabing Chen*

Triple-negative breast cancer (TNBC) remains with highest incidence and
mortality rates among females, and a critical bottleneck lies in rationally
establishing potent therapeutics against TNBC. Here, the self-assembled
micellar nanoarchitecture of heavy-atom-modulated supramolecules with
efficient cytoplasmic translocation and tunable photoconversion is shown,
for potent suppression against primary, metastatic, and recurrent TNBC.
Multi-iodinated boron dipyrromethene micelles yield tunable photoconver-
sion into singlet oxygen and a thermal effect, together with deep penetration
and subsequent cytoplasmic translocation at the tumor. Tetra-iodinated boron
dipyrromethene micelles (4-1BMs) particularly show a distinctly enhanced
cooperativity of antitumor efficiency through considerable expressions of
apoptotic proteins, potently suppressing subcutaneous, and orthotopic
TNBC models, together with reduced oxygen dependence. Furthermore,
4-1BMs yield preferable anti-metastatic and anti-recurrent efficacies through
the inhibition of metastasis-relevant proteins, distinct immunogenic cell

aggressive subtype with increased risk of
recurrence, metastasis, and resistance.l?
Typically, a combination of diverse thera-
peutic modalities such as chemotherapy,
phototherapy, radiation therapy, and
immunotherapy is considered as an effec-
tive approach to treat TNBC,I% arousing an
intense interest in the explorations of var-
ious nanoscale vehicles such as liposomes,
micelles, dendrimers, and polymeric nano-
particles that can achieve enhanced tar-
geting and co-delivery for combinational
treatments against TNBC.1¥ For instance,
photodynamic therapy (PDT) as a selective
and non-invasive modality that relies on
the apoptosis from singlet oxygen of photo-
active dyes can combine with other thera-
peutic modalities such as immunotherapy

death, and re-education of M2 macrophages into tumoricidal M1 phenotype
as compared to chemotherapy and surgical resection. These results offer
insights into the cooperativity of supramolecular nanoarchitectures for potent

phototherapy against TNBC.

Breast cancer is a complex and heterogeneous disease with the
leading incidence and mortality among females,!! in which
triple-negative breast cancer (INBC) with low expressions of
progesterone receptor, estrogen receptor, and human epithe-
lial growth receptor type 2 (HER2) is considered as a highly
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and chemotherapy to yield enhanced anti-
tumor efficacy against malignant tumors
such as breast cancers.**° However, PDT-
based strategies usually suffer from a few
limitations such as sophisticated composi-
tions of vehicles, restricted singlet oxygen
generation, and severe oxygen depend-
ence, inherently poor suppression on recurrence and metas-
tasis, and inadequate spatiotemporal accessibility to subcellular
organelles such as nucleus,® thus being urgent to explore a
facile nanoparticle strategy to establish potent phototherapeu-
tics against TNBC, together with favorable prognosis.

Various strategies to improve singlet oxygen quantum yields
of photoactive agents have been applied to improve PDT-
based cell injury through the regulations of apoptotic or anti-
apoptotic proteins including heavy-atom effect, spin converter,
resonance energy transfer and semiconducting structures.”
However, the current dilemma is that photoactive agents are
rationally incorporated into nanoparticles for higher tumor
accumulations, 32622 byt failed to controllably modulate their
photoconversions via chemical modifications to optimize tumor
treatment and prognosis.®l Supramolecular self-assembly as a
bottom-up approach to fabricate nanoarchitectures of molecular
components via the non-covalent interactions such as hydro-
phobic interaction, 77 stacking and hydrogen bonding, has
been widely applied to address sophisticated cascade delivery,
namely a circulation-penetration-endocytosis—cytoplasmic
translocation pathway.®**? In particular, the interplay of a few

© 2020 Wiley-VCH GmbH
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Highly Efficient Far-Red/NIR-Absorbing Neutral Ir(ll1)
Complex Micelles for Potent Photodynamic/Photothermal

Therapy

Bingging Liu, Jian Jiao, Wan Xu, Miya Zhang, Peng Cui, Zhengqing Guo, Yibin Deng,*

Huabing Chen,* and Wenfang Sun*

A critical issue in photodynamic therapy (PDT) is inadequate reactive oxygen
species (ROS) generation in tumors, causing inevitable survival of tumor cells
that usually results in tumor recurrence and metastasis. Existing photosensi-
tizers frequently suffer from relatively low light-to-ROS conversion efficiency
with far-red/near-infrared (NIR) light excitation due to low-lying excited states
that lead to rapid non-radiative decays. Here, a neutral Ir(lll) complex bearing
distyryl boron dipyrromethene (BODIPY-Ir) is reported to efficiently produce
both ROS and hyperthermia upon far-red light activation for potentiating in vivo
tumor suppression through micellization of BODIPY-Ir to form “Micelle-Ir".
BODIPY:-Ir absorbs strongly at 550-750 nm with a band maximum at 685 nm,
and possesses a long-lived triplet excited state with sufficient non-radiative
decays. Upon micellization, BODIPY-Ir forms J-type aggregates within
Micelle-Ir, which boosts both singlet oxygen generation and the photothermal
effect through the high molar extinction coefficient and amplification of light-
to-ROS/heat conversion, causing severe cell apoptosis. Bifunctional Micelle-Ir
that accumulates in tumors completely destroys orthotopic 4T1 breast tumors
via synergistic PDT/photothermal therapy (PTT) damage under light irradia-
tion, and enables remarkable suppression of metastatic nodules in the lungs,
together without significant dark cytotoxicity. The present study offers an
emerging approach to develop far-red/NIR photosensitizers toward potent
cancer therapy.

S

1. Introduction

With minimal invasiveness and intrinsic
spatiotemporal selectivity, photodynamic
therapy (PDT) has been proven to be an
effective adjuvant for cancer treatment
and succeeded in improving the quality
of patients’ lives.l PDT utilizes the inter-
actions of light, photosensitizer (PS), and
oxygen to produce toxic reactive oxygen
species (ROS), which directly kill tumor
cells, damage the blood vessels in tumors,
and elicit the immune responses to destroy
tumor cells without injuring adjacent
normal tissues.”) The efficacy of PDT is
mainly determined by the ROS generation
efficiency of PS, which depends not only
on their intrinsic properties, such as its
ability to absorb light and its triplet excited
state (T;) characteristics (i.e., energy level,
quantum yield, and lifetime), but also on
the tissue oxygen tension. It is well known
that the high metabolic level of tumor cells
causes tumor hypoxia, which is aggravated
by the oxygen-consuming PDT processes.
Thus, the PDT efficiency is compromised
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As we enter the age of artificial intelligence (Al), new technologies will be needed to “sample” environ-
mental conditions to provide data to Al systems that will yield a specific response. This review focuses
on stimuli-responsive polymers (SRPs), and their ability to react to changes in external environmental
conditions by undergoing a physical and/or chemical change. We first describe various methods for SRP
synthesis, which leads into a discussion of the mechanism of SRPs response to external conditions, and
finally we highlight examples of their use for sensing, biosensing, and actuation. The aim of this review is
to familiarize readers with some of the most recent developments in SRP design and application, which
we hope will encourage further research in this field that can help overcome some of the current chal-
lenges and inspire new and creative applications for these materials.

© 2021 Elsevier B.V. All rights reserved.

Abbreviations: Al, Artificial Intelligence; SRPs, Stimuli-responsive Polymers; PDI,
Polydispersity Index; ATRP, Atom Transfer Radical Polymerization; RAFT, Reversible
Addition-fragmentation Chain Transfer; NMP, Nitroxide-mediated “living" Free-

1. Introduction

SRPs can change their physical and/or chemical properties in
response to a variety of stimuli, for example: temperature [1,2],

radmal Po|ymenunon LCST, Lower Critical Sol p TPL, Triph

, TRPs, Ther ponsive Poly UCST, Upper Crit-
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. Poly(phosp )-; SPZs, Sulf itterions; PAA, Poly(acrylic
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ized Surface Plasmon Resonance; SERS, Surface-enhanced Raman Scattering; PAH,
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dimethylsiloxane; GF, Gauge Factor; CCA, Coumarin-3-carboxylic Acid; TAMRA,
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HIGHLIGHTS

A new design philosophy for

iodine uptake material is
presented

O SCU-COF-2 exhibits record-high
dynamic iodine uptake amount

O % 0.98gg™")

SCU-COF-2 exhibits record-high
SCU-COF-2 bipyridine group static methyl iodide uptake
amount (1.45gg™")

» Moisture has a negligible
influence on iodine uptake of

, & b o SCU-COF-2
: é

ICP-MS or
Online MS

A 2D dual-pore covalent organic framework (SCU-COF-2) is constructed to
efficiently capture iodine gas and methyl iodide simultaneously through the
incorporation of 2,2'-bipyridine group introducing exceptionally strong host-guest
interactions. This gives rise to new records of static methyl iodide uptake capacity
and dynamic iodine uptake capacity, both far beyond those of state-of-art silver-
zeolites, MOF materials, and active carbon, showing powerful application
potentials.

He et al., Chem 7, 699-714
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https://doi.org/10.1016/j.chempr.2020.11.024

81



Chem

Reaction: Semiconducting MOFs
Offer New Strategy for Uranium
Extraction from Seawater

Hui Li' and Shuao Wang'*
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worked as a postdoctoral fellow at South China University of Tech-
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studies uranium extraction from seawater using MOFs and COFs.
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research interests include coordination, environmental, and mate-
rial chemistry of critical radionuclides in the nuclear fuel cycle.

Uranium extraction from seawater (UES)
is considered one of the seven chemical
separations that could change the
world." One-round extraction capacity
of sorbent materials in the real seawater
test of higher than 30 mg/g is a critical
research target for showing the potential
for commercialization.” A common ques-
tion is why the extraction capacity of sor-
bent materials in the real seawater test
(overwhelming majority < 5 mg/qg) is
significantly lower than their theoretical
extraction capacity obtained by the
sorption isotherm experiment (for some
materials, this could reach higher than
1,000 mg/g).*"* This is because in the
sorption isotherm experiment, the sorp-
tion capacity is often extrapolated from
the sorption experiment where the ura-
nium concentration is extremely high
(>1,000 ppm). In this case, uranium can
be located at any possible site in the
sorbent materials regardless of the bind-
ing strength. In sharp contrast, in real
seawater, the uranium concentration is
extremely low at 3.3 ppb, and its coordi-
nation is saturated with carbonate an-
ions, which are known to be strong bind-
ing ligands for uranyl ions. Principally,
UES capacity is determined when the
thermodynamic equilibrium is estab-
lished between the sorbed uranyl ion in

)}

G or
s

the solid sorbent material and the uranyl
carbonate in seawater. The equilibrium
constant is designated by the difference
of binding strength between uranyl-sor-
bent interaction and uranyl-carbonate
interaction in addition to the number of
such sites with strong binding strength.
From here, itis very clear that grand chal-
lenges are present in reaching a high
UES capacity when coordination is uti-
lized as the sole thermodynamic driving
force.

Fortunately, uranium is a redox-active
metal, where highly soluble uranyl(VI)
ion can be reduced to almost insoluble
uranium(lV) (U(IV)) in a number of ways.
Semiconductor-based  photocatalytic
reduction of uranyl(Vl) offers an alterna-
tive way to make a breakthrough in the
field of UES. With the introduction of
the redox reaction path, the UES capac-
ity can be improved, which is no longer
determined by the sorption equilib-
rium. In addition, the energy input in
this method is not an issue because
solar light can be utilized.” However,
although some photocatalysts have
been studied for the extraction of
U(VI), none of them show real utility in
the real seawater test. It seems that
the efficiency of sole photoreduction

¢? CellPress

of U(VI) is also quite limited, which is
most likely because none of these pho-
tocatalysts can pre-enrich uranyl from
seawater, and the local concentration
of photoreduced U(IV) species is too
low to be separated from aqueous
solution.

In recent years, semiconducting metal-
organic  frameworks (MOFs) have
been regarded as new types of
photocatalysts and, unlike most tradi-
tional photocatalysts, possess high struc-
tural designability and chemical functio-
nalizability.*’ We have proposed a new
uranium-extraction strategy with com-
bined specific coordination and photo-
catalytic reduction based on subtly
designed functionalized MOFs (PN-
PCN-222 and SCU-19). Pre-enriched
into the strong-coordination sites by
the introduction of U(VI)-recognizing li-
gands, U(VI) was simultaneously reduced
efficiently by the photoinduced elec-
trons from the photoactive MOF host
under visible-light irradiation, affording
neutral U(IV) species that were stored in
the open space. This also regenerated
the coordination sites readily for the
next round of uranium extraction.®’
This auto-recycled process offers an
ultrahigh  uranium-extraction capacity
that will not be limited by the number
of adsorption sites. More importantly,
elevated uptake selectivity of uranium
can be achieved over competing ions
that are not redox active. Especially
for PN-PCN-222, U(Vl) can almost be
completely separated in high or low
concentration over an extremely wide
pH range, which is impossible to achieve
by sorbent materials relying solely on co-
ordination or photocatalytic reduction.
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Article history: While oxidases play crucial roles in the cell metabolism by efficient and selective utilization of O,, the
Received 13 October 2020 practical applications of natural oxidases are limited due to their intrinsic shortcomings (high cost in
Received in revised form 16 December 2020 purification and poor stability). Recently, great varieties of engineered nanostructures have been demon-

Accepted 5 January 2021

Available online 13 January 2021 strated to display oxidase-mimetic activity, which can serve as ideal candidates for oxidase-mimicking

nanozymes. In view of the significant progress of nanozymes, we, in this review, systematically illustrate
the classification of oxidase-mimicking nanozymes in terms of the acting group of representative substrates

::m':iéﬁals and discuss their possible catalytic mechani We also ry the activity modulation of oxidase-
Oxidase mimics mimicking nanozymes by tuning the physicochemical property of ials and surrounding en-
Classification vironments, as well as their potential biomedical applications in biosensing, antibacteria and cancer
Activity regulation treatment. Finally, the current opportunities and challenges are discussed to stimulate the research of

Biomedical applications understanding and development of nanozymes.
© 2021 Published by Elsevier Ltd.
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radicals; OPD, O-phenylenediamine; PVP, Polyvinyl pyrrolidone; Ph-OH, Phenolic hydroxyl; ROS, Reactive oxygen species; SDS, Sodium dodecyl sulfate; SOD, Superoxide dis-
mutase; ss-DNA, Smgle-slranded DNA; TBA, Thrombin-binding aptamer; TMB, 3,3,5,5'-tetramethylbenzidine

* Corresponding author.
E-mail address: ccge@suda.educn (C Ge).

https://doi.org/10.1016/j.nantod.2021.101076
1748-0132/© 2021 Published by Elsevier Ltd.

83



Nano Today 38 (2021) 101144

Contents lists available at ScienceDirect

nanotoday

Nano Today

ELSEVIER journal homepage: www.elsevier.com/locate/nanotoday

Radionuclide labeled gold nanoclusters boost effective anti-tumor )
immunity for augmented radio-immunotherapy of cancer =

Pei Pei, Wenhao Shen, Hailin Zhou, Yuanchen Sun, Jing Zhong, Teng Liu, Kai Yang

State Key Laboratory of Radiation Medicine and Protection, School of Radiation Medicine and Protection & School for Radiological and Interdisciplinary Sciences

(RAD-X), Col i ion Center of Radiation Medicine of Jiangsu Higher Education Institutions, Soochow University, Suzhou, Jiangsu 215123, China

ARTICLE INFO ABSTRACT

Article history: Given the complexity, heterogeneity and metastasis of patient tumors, the combined therapy is usually
Received 22 November 2020 applied in clinical applications. Internal radioisotope therapy has been an indispensable treatment strategy
Received in revised form 23 February 2021 for primary tumor nowadays. However, the therapeutic effect of internal radioisotope therapy is dis-

Accepted 25 March 2021

Available online 6 April 2021 satisfactory for distant tumors or spontaneously metastatic tumors. Herein, we design radionuclide labelled

glutathione modified gold nanoclusters (technetium-99m labelled gold nanoclusters (**™Tc@Au NCs) and
lutecium-177 labelled gold nanoclusters ('7’Lu@Au NCs)) by simple chelation between glutathione and

Gold ::;,dus,,, radionuclide. Such radionuclide labelled gold nanoclusters could not only enhance the therapeutic out-
Radionuclides comes of internal radioisotope therapy but also induce anticancer immunity by activation of dendritic cells
Spontaneously metastatic tumors (DCs). In addition, '77Lu@Au NCs could effectively eliminate primary tumors and suppress the growth of
Radio-immunotherapy distant tumors when combined with immune checkpoint inhibitors. Furthermore, a long-term im-

munological memory effect is also observed after internal radioisotope therapy. Importantly, on a clinical-
relevant transgenic mice model, we for the first time use such therapeutic strategy to significantly suppress
the growth of spontaneously metastatic tumors and lengthen the survival time of the transgenic mice. Our
study presents a novel approach for tumor radio-i stherapy and hile provides a new idea for
spontaneously metastatic tumors in clinic.

© 2021 Elsevier Ltd. All rights reserved.

Introduction system of patients to assault distant or metastatic tumors and pro-
duce a certain immune memory effect, tumor treatment strategies
The death of tumor patients is often caused by tumor metastasis, are further expanded [21.22]. In immunotherapies for cancer, the use
rather than the primary tumor | 1-3]. Therefore, how to achieve solid of immune checkpoint inhibitors such as anti-PD1/anti-PD-L1 or
tumor treatment and inhibit tumor metastasis is a key point in the anti-CTLA-4 has achieved inspiring clinical effects in curing of some
field of clinical treatment |4,5]. For patients with cancer at an early specific tumors [23-25]. Nevertheless, the response rate of im-
stage, the use of imaging technology, tumor markers and other munotherapy is still relatively low for patients with tumor, which
biologic methods to achieve the early lesion detection and timely less than 30% on average. In order to further improve the response
scientific treatment are beneficial for radical treatment |6-8|. For rate of immunotherapy, chemotherapy, radiotherapy or other treat-
advanced stages of cancer especially metastatic tumors, however, it ments, which can induce the immunogenic cell death of tumor cells
is hard to achieve effective radical cure [9,10]. The current clinical and enhance tumor immunogenicity, are also applied to combine
treatment methods for spontaneously metastatic tumors include with immune checkpoint inhibitors [26,27]. Among them, radiation
chemotherapy, molecular targeted therapy or combined therapy, etc. therapy (RT) including external beam radiotherapy (EBRT) and in-
[11-17]. Unfortunately, the systemic side effects and nonspecific ternal radioisotope therapy have been indispensable treatments
distribution further limit the therapeutic efficacy of those ther- strategy in clinical trials [28-30]. However, the therapeutic effect of
apeutic modalities in a certain extent | 18-20]. With the blooming of radiotherapy, especially internal radioisotope therapy, is still re-
cancer immunotherapy in recent years, which can train the immune stricted by some certain mechanisms, such as off-targeted radio-
nuclides, physiological toxicity and radiation resistance caused by

tumor hypoxic microenvironment |31,32].
With the flourishing development of nanotechnology, nanome-

* Corresponding author. dicine strategies have been applied to improve the efficacy of
E-mail address: kyang@suda.edu.cn (K. Yang).
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Reprogramming Tumor-Associated Macrophages via
ROS-Mediated Novel Mechanism of Ultra-Small Cu,_,Se
Nanoparticles to Enhance Anti-Tumor Immunity

Yanhui Zheng, Yaobao Han, Tingting Wang, Hanghang Liu, Qiao Sun, Shijun Hu,

Jianquan Chen, and Zhen Li*

Reprogramming tumor-associated macrophages (TAMs) from tumor-sup-
portive M2 phenotype to anti-tumor M1 phenotype holds great promise in
tumor immunotherapy. However, there are few reports on the remodeling

of TAMs by inorganic nanoparticles due to their unclear intrinsic polariza-
tion mechanism. In this article, a novel signaling pathway of repolarizing
TAMs into M1-like macrophages is reported to boost anti-tumor immunity
using ultra-small Cu,_,Se nanoparticles (CS NPs). The mechanism is totally
different from the conventional ROS-mediated polarization mechanism. It

is revealed that CS NPs can effectively generate ROS in the macrophages to
trigger auto-ubiquitination of tumor necrosis factor receptor-associated factor
6 (TRAF6), which activates the interferon regulatory factor 5 (IRF5) to facilitate
the expression of its downstream gene interleukin-23 (IL-23), and eventually
remodels the TAMs into M1-like macrophages. It is shown that CS NPs can
significantly inhibit the growth of melanoma tumor (B16F10) by repolarizing
TAMs into M1-like macrophages, and enhance the adaptive anti-tumor immu-
nity by inducing the infiltration of CD8" T cells. Moreover, it is found that

CS NPs can also effectively inhibit the recurrence of distal tumor. The study
shows the novel macrophage polarization mechanism for TAMs-targeted

1. Introduction

It has been well known that tumor cells
can recruit and control immune cells to
escape immunological surveillance and
to promote tumor progression.'? Immu-
nosuppressive cells, including regulatory
T lymphocytes (Tregs), myeloid-derived
suppressor cells (MDSCs) and tumor-
associated macrophages (TAMs), usually
overexpress specific receptors to commu-
nicate with the corresponding chemokines
released by tumor cells and immune cells.
They travel into the tumor microenviron-
ment (TME), and transform into “accom-
plices” of tumor cells, which facilitate
tumor growth and tumor metastasis.[3]
In recent years, inspired by the immune
escape of malignancies, tumor immuno-
therapy has opened a new gate for treat-
ment through utilizing the innate and
adaptive immunity of tumor patients."]

cancer immunotherapy, and demonstrates the great potential of ultra-small

Cu,_,Se nanoparticles in cancer immunotherapy.

Y. Zheng, Y. Han, T. Wang, H. Liu, Q. Sun, Z. Li

Center for Molecular Imaging and Nuclear Medicine

State Key Laboratory of Radiation Medicine and Protection

School for Radiological and Interdisciplinary Sciences (RAD-X)

Collaborative Innovation Center of Radiation Medicine of Jiangsu Higher

Education Institutions

Medical College, Soochow University

Suzhou 215123, China

E-mail: zhenli@suda.edu.cn

S. Hu

Department of Cardiovascular Surgery of the First Affiliated Hospital

Institute for Cardiovascular Science

Collaborative Innovation Center of Hematology

State Key Laboratory of Radiation Medicine and Protection

Medical College, Soochow University

Suzhou 215006, China

J. Chen

Department of Orthopaedics

The First Affiliated Hospital of Soochow University

Suzhou, Jiangsu 215006, China
The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/adfm.202108971.

DOI: 10.1002/adfm.202108971

Adv. Funct. Mater. 2021, 2108971 2108971

85

Modulating  the immunosuppressive
tumor immune microenvironment
(TIME) to reconstruct immune surveil-
lance system is one of the most prom-
ising ways for tumor immunotherapy.”)
Training of macrophages to be immunosuppressive TAMs by
abnormal TME is an impactive immune escape pattern during
the tumor progression, because TAMs are the major tumor-
infiltrating immunosuppressive cells in the TIME.[*-#]
Macrophages are highly plastic and can be divided into two
phenotypes, i.e., proinflammatory or tumoricidal M1-like, and
anti-inflammatory or tumor-supportive M2-like macrophages.!”’
The abnormal TME contains multiple stimulating factors,
such as colony stimulating factor-1 (CSF-1), interleukin-4 (IL-4),
interleukin-13 (IL-13), lactic acid and prostaglandins,/®”1%1
which polarize TAMs to be tumor-supportive M2-like
macrophages. The M2-like TAMs contribute to the tumor pro-
gression, metastasis, and invasion by inducing angiogenesis
and remodeling the extracellular matrix.*’1>1l They also inhibit
adaptive immunity by suppressing T cells activity.[*'*l Due to the
prominent role of TAMs in tumor-promotion and immune sup-
pression, they have become a fascinating target for modulating
the immunosuppressive TIME to enhance anti-tumor therapy.
As a class of professional phagocytes, which constitute the
innate immune system to form the first line for nonspecific

(10f 16) © 2021 Wiley-VCH GmbH
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REVIEW ARTICLE
Inflammasomes as therapeutic targets in human diseases

Yangxin Li', Hui Huang (3%, Bin Liu®, Yu Zhang', Xiangbin Pan®, Xi-Yong Yu®, Zhenya Shen' and Yao-Hua Song®

Inflammasomes are protein complexes of the innate immune system that initiate inflammation in response to either exogenous
pathogens or endogenous danger signals. Inflammasome multiprotein complexes are composed of three parts: a sensor protein, an
adaptor, and pro-caspase-1. Activation of the inflammasome leads to the activation of caspase-1, which cleaves pro-inflammatory
cytokines such as IL-1PB and IL-18, leading to pyroptosis. Effectors of the inflammasome not only provide protection against
infectious pathogens, but also mediate control over sterile insults. Aberrant inflammasome signaling has been implicated in the
development of cardiovascular and metabolic diseases, cancer, and neurodegenerative disorders. Here, we review the role of the
inflammasome as a double-edged sword in various diseases, and the outcomes can be either good or bad depending on the
disease, as well as the genetic background. We highlight inflammasome memory and the two-shot activation process. We also
propose the M- and N-type inflammation model, and discuss how the inflammasome pathway may be targeted for the
development of novel therapy.

Signal Transduction and Targeted Therapy (2021)6:247 ; https://doi.org/10.1038/541392-021-00650-z

INTRODUCTION caspase-1 to the inflammasomes via its CARD domain. PRRs are
Inflammasomes are intracellular multimeric complex molecules sensor proteins that detect signals to activate an inflammatory
that recognize either pathogen-associated molecular patterns response.
(PAMPs) or danger-associated molecular patterns (DAMPs)."? The The membrane-bound PRRs such as Toll-like receptors (TLRs)
nucleotide-binding oligomerization (NOD)-, leucine-rich repeat and cytosolic PRRs such as NLRs recognize PAMPs and host-
(LRR)-, and pyrin domain-containing 3 (NLRP3) and the NOD-, IRR-, derived DAMPs, respecti\arely.16 Activation of PRRs by PAMPs leads
and CARD-containing 4 (NLRC4) inflammasomes belong to the to the production of type | interferons and chemokines, whereas
NOD-like receptor (NLR) family.3‘4 Non-NLR proteins, such as activation of PRRs by DAMPs activates caspases that eventually
absent in melanoma 2 (AIM2), form inflammasomes that can sense lead to the production of pro-inflammatory cytokines. DAMP-
cytosolic double-stranded DNA.>® induced inflammation is referred to as sterile inflammation
The canonical inflammasomes (NLRP3, NLRC4, and AIM2) serve as because it occurs in the absence of invading microbes.'%"317
a platform to engage pro-caspase-1 (Figs. 1-3 and Box 1), which DAMP-triggered sterile inflammation can exaggerate pathology

becomes active caspase-1 through the oligomerization of pro- either as a causative or contributing factor in response to host-
caspase-1 proteins.” Activated caspase-1 processes pro-interleukin- derived factors such as intracellular molecules released from
1B (IL-1B) and pro-IL-18 to generate their active forms, which induce damaged cells. When the inflammation persists for a long period
pyroptosis, a pro-inflammatory form of cell death>®° The non- of time, it becomes a chronic process, leading to sterile
canonical inflammasomes activate caspase-11 (mouse) or caspase- inflammatory diseases such as atherosclerosis, myocardial infarc-

4/5 (human) in response to Gram-negative bacteria-derived tion, diabetes, neurodegenerative disease, depression, and cancer.
lipopolysaccharide (LPS) without cleaving pro-IL-1B (Fig. 4).'"'2
NLRs have three functional domains: the amino-terminal
domain includes a pyrin domain (PYD), or a caspase-recruitment DISCOVERY AND MECHANISMS OF ACTIVATION OF
domain (CARD); the central nucleotide-binding and oligomeriza- INFLAMMASOMES
tion domain (NACHT) is present in all NLR proteins; and the Different types of inflammasome are briefly discussed in order to
carboxy-terminal domain is an LRR domain that binds to ligand." understand the role of their activation in disease states.
The PYD interacts with apoptosis-associated speck-like protein

containing a CARD (ASC) which in turn binds pro-caspase-1 (Fig. History of inflammasomes
1)."*1° ASC is an adaptor protein used by many cytoplasmic The term “inflammasome” was first coined in 2002 by Dr. Jurg
pattern recognition receptors (PRRs) such as NLRs to recruit pro- Tschopp and colleagues.? They described the inflammasome as a
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Center of Hematology, Soochow University, Suzhou, Jiangsu, P. R. China; 2Cardiovascular Department, The Eighth Affiliated Hospital, Sun Yat-sen University, Shenzhen,
Guangdong, P. R. China; >Department of Cardiology, The Second Hospital of Jilin University, Changchun, Jilin, P. R. China; “Department of Cardiac Surgery, Fuwai Hospital, Beijing,
P. R. China; *Key Laboratory of Molecular Target & Clinical Pharmacology and the State Key Laboratory of Respiratory Disease, Guangzhou Medical University, Guangzhou,
Guangdong, P. R. China and ®Cyrus Tang Hematology Center, Collaborative Innovation Center of Hematology, Soochow University, National Clinical Research Center for
Hematologic Diseases, the First Affiliated Hospital of Soochow University, State Key Laboratory of Radiation Medicine and Protection, Soochow University, Suzhou, China
Correspondence: Yangxin Li (yangxin_li@yahoo.com) or Zhenya Shen (uuzyshen@aliyun.com) or Yao-Hua Song (yaohua_songl@yahoo.com)

These authors contributed equally: Yangxin Li, Hui Huang, Bin Liu.

Received: 10 January 2021 Revised: 27 March 2021 Accepted: 11 May 2021
Published online: 02 July 2021

© The Author(s) 2021 SPRINGER NATURE

86



www.acsnano.org

Blastocyst-Inspired Hydrogels to Maintain
Undifferentiation of Mouse Embryonic Stem
Cells

Yingjie Hang, Xiaoliang Ma, Chunxiao Liu, Siyuan Li, Sixuan Zhang, Ruyan Feng, Qianwen Shang,
Qi Liu, Zhaozhao Ding, Xiaoyi Zhang, Liyin Yu, Qiang Lu,* Changshun Shao,* Hong Chen,*
Yufang Shi, Jiuyang He, and David L. Kaplan
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ABSTRACT: Stem cell fate is determined by specific niches that
provide multiple physical, chemical, and biological cues.
However, the hierarchy or cascade of impact of these cues
remains elusive due to their spatiotemporal complexity. Here,
anisotropic silk protein nanofiber-based hydrogels with suitable
cell adhesion capacity are developed to mimic the physical
microenvironment inside the blastocele. The hydrogels enable
mouse embryonic stem cells (mESCs) to maintain stemness in
vitro in the absence of both leukemia inhibitory factor (LIF) and
mouse embryonic fibroblasts (MEFs), two critical factors in the
standard protocol for mESC maintenance. The mESCs on
hydrogels can achieve superior pluripotency, genetic stability,
developmental capacity, and germline transmission to those
cultured with the standard protocol. Such biomaterials establish an improved dynamic niche through stimulating the secretion
of autocrine factors and are sufficient to maintain the pluripotency and propagation of ESCs. The mESCs on hydrogels are
distinct in their expression profiles and more resemble ESCs in vivo. The physical cues can thus initiate a self-sustaining
stemness-maintaining program. In addition to providing a relatively simple and low-cost option for expansion and utility of
ESCs in biological research and therapeutic applications, this biomimetic material helps gain more insights into the
underpinnings of early mammalian embryogenesis.

KEYWORDS: hydrogels, embryonic stem cells, pluripotency, hierarchy, physical cues

tem cells, which can self-renew and have multipotent recent studies revealed the loss of biological features of ESCs
S differentiation potential, are critical determinants in under the reported culture procedures."> Moreover, the

tissue engineering,l’2 regenerative medicine,”™ and intrinsic features of the niche necessary for ESCs’ self-renewal
tissue/disease models.”” Embryonic stem cells (ESCs), an remain elusive. Recent studies have clarified the contributions
important member of the stem cell family, are critical resources of various cues,''” and it is increasingly evident that MEF-free
for deriving tissue-specific stem cells for regeneration and for niches can maintain long-term pluripotency of mESCs,
understanding processes involved in early embryonic develop- suggesﬁng 318‘132?9% role for chemical and physical cues in
ment.">*’ Expansion of ESCs without differentiation in vitro is this process. LIF-free culture systems were also developed

recently to tune the fates of mESCs, but only supported

a prerequisite for long-term maintenance.'” ESCs can maintain
inferior long-term stemness to the standard LIF/MEF

stemness in vitro under the control of a complex of exogenous
growth factors in combination with embryonic fibroblasts
(EFs)."'™"* While laborious and time-consuming protocols Received: December 15, 2020
involving cytokine leukemia inhibitory factor (LIF) and mouse Published: September 13, 2021
embryonic fibroblasts (MEFs) have been developed to
maintain the long-term stemness of mESCs in vitro, potential
pathogenic/xenogeneic contaminations raise safety concerns.'*
Although the long-term pluripotency of ESCs can be achieved,

© 2021 American Chemical Society https://doi.org/10.1021/acsnano.0c10468
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Postchronic Single-Walled Carbon Nanotube
Exposure Causes Irreversible Malignant
Transformation of Human Bronchial Epithelial
Cells through DNA Methylation Changes

Jin Wang,# Xin Tian,” Jie Zhang, Lirong Tan, Nan Ouyang, Beibei Jia, Chunying Chen, Cuicui Ge,*
and Jianxiang Li*
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ABSTRACT: As environmental pollutants and possible carcino- Chronic SWCNTs- -
gens, carbon nanotubes (CNTs) have recently been found to induce EFEREUED WeN sse‘"e"s
carcinogenesis and tumor metastafls after long' term p}llmonary ’ swcun-@}
exposure. However, whether CNT-induced carcinogenesis can be BEAs2Bcels (o ey
inherited and last for generations remains unclear. Herein, o K
postchronic single-walled carbon nanotubes (SWCNTs) exposed NCASE / A4
human lung cell model (BEAS-2B cells) are established to DI ,/ z;:;.:;:enESis
investigate SWCNT-induced carcinogenesis. At a tolerated sublethal Dmam .

dose level, postchronic SWCNT exposure significantly increases the fysrequinicp

migration and invasion abilities of BEAS-2B cells, leading to

malignant cell transformation. Notably, the malignant trans-

formation of BEAS-2B cells is irreversible within a 60 day recovery period after SWCNT exposure, and the malignant
transformation activities of cells gradually increase during the recovery period. Moreover, these transformed cells promote
carcinogenesis in vivo, accompanied by a raised level of biomarkers of lung adenocarcinoma. Further mechanism analyses
reveal that postchronic exposure to SWCNTs causes substantial DNA methylation and transcriptome dysregulation of BEAS-
2B cells. Subsequent enrichment and clinical database analyses reveal that differentially expressed/methylated genes of BEAS-
2B cells are enriched in cancer-related biological pathways. These results not only demonstrate that postchronic SWCNT-
exposure-induced carcinogenesis is heritable but also uncover a mechanism from the perspective of DNA methylation.

KEYWORDS: carbon nanotubes, postchronic exposure, human bronchial epithelial cells, malignant transformation, DNA methylation

( : arbon nanotubes (CNTs) are rolled-up graphene So far, most reports of CNT-induced carcinogenesis focused
sheets that have been widely applied in industrial and only on chronic exposure but focused very limited on the state
biomedical fields.' > With their large-scale production after chronic exposure. Previous evidence proved that the

and extensive applications, there are already numerous toxicity effects of postchronic exposure to toxic chemicals are different

studies about CNTs concerning their toxic effects on from acute/chronic eXPOSUfe-”'Is For instance, postchronic
environmental exposure and human health.*~® Recent studies cadmium-exposed human lung cells exhibited greater intrinsic
have suggested CNTs can induce inflammation and fibrosis of DNA daﬂ}gge, which is highly prone to malignant trans-
granuloma formation, contributing to lung cancer risk.” ™ It formation.”” In our previous study, we found that postchronic
has been reported that CNT-exposed human lung cells exhibit exposure to cigarette smoke increases aberrant DNA

an aggressive, neoplastic-like phenotype, which has toxicity methylation and oncogene expression of human lung

similar to that of asbestos fibers, a kind of human
12-15

carcinogen. In addition, Chen and co-workers have Received:  January 9, 2021
demonstrated that pulmonary exposure to multiwalled carbon Accepted: March 22, 2021
nanotubes (MWCNTs) significantly promotes malignant Published: March 24, 2021

transformation of mammary carcinoma.'® These findings
provide evidence for the carcinogenicity potential of CNT

exposure.

H H © 2021 American Chemical Societ https://doi.org/10.1021/acsnano.1¢00239
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Steroids Enable Mesenchymal Stromal Cells to Promote

CD8" T Cell Proliferation Via VEGF-C

Yurun Gan, Tao Zhang, Xiaodong Chen, Wei Cao, Liangyu Lin, Liming Du, Yu Wang,
Fei Zhou, Xuefeng He, Yulong He, Jianhe Gan, Huiming Sheng, Lydia Sorokin,

Yufang Shi,* and Ying Wang*

Mesenchymal stromal cells (MSCs) function as a formidable regulator of
inflammation and tissue homeostasis and expanded MSCs are shown to be
effective in treating various inflammatory diseases. Their therapeutic effects
require the existence of certain inflammatory cytokines. However, in the
absence of sufficient proinflammatory stimuli or in the presence of
anti-inflammatory medications, MSCs are animated to promote immune
responses and unable to alleviate inflammatory disorders. In this study, it is
demonstrated that steroid co-administration interferes the efficacy of MSCs in
treating acute graft-versus-host disease (aGvHD). Molecular analysis reveals
that vascular endothelial growth factor C (VEGF-C) is highly induced in MSCs
by steroids and TNFa and VEGF-C in turn promotes CD8* T cell response.
This immune promoting effect is abolished by blockade or specific genetic
ablation of VEGFR3 in CD8* T cells. Additionally, administration of VEGF-C
alone exacerbates aGvHD progression through eliciting more vigorous CD8*
T cell activation and proliferation. Further studies demonstrate that VEGF-C
augments the PI3K/AKT signaling process and the expression of downstream
genes, such as Cyclin D1. Thus, the data demonstrate that steroids can
reverse the immunosuppressive effect of MSCs via promoting
VEGF-C-augmented CD8* T cell response and provide novel information for
designing efficacious MSC-based therapies.

1. Introduction

The cardinal traits of mesenchymal stro-
mal cells (MSCs) during tissue repair and
regeneration are their concerted actions of
immunoregulation, production of multiple
growth factors, and multiple differentiation
potential under certain conditions.!'! The
discovery of the prominent immunosup-
pressive properties of MSCs in vitro raises
the possibility for their application in the
treatment of autoimmune diseases.”” In-
deed, the first case report that exogenously
administered MSCs could successfully
alleviate refractory acute graft-versus-host
disease (aGvHD) leading to extensive in-
vestigations on the applications of MSCs
in various autoimmune diseases.’] Many
studies have demonstrated that the thera-
peutic effects of MSCs on autoimmune dis-
eases variably rely on their high expression
of immunosuppressive factors, including
indoleamine  2,3-dioxygenase (IDO),!*]
inducible nitric oxide synthase (iNOS),!
transforming growth factor-g(TGEF-g),ll in-
sulin like growth factor 2,I7] hepatic growth
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Emerging targeted drug delivery strategies toward ovarian cancer

Zhe Wang, Fenghua Meng, Zhiyuan Zhong *

Biomedical Polymers Laboratory, College of Chemistry, Chemical Engineering and Materials Science, and State Key Laboratory of Radiation Medicine and Protection,
Soochow University, Suzhou 215123, PR China

ARTICLE INFO ABSTRACT
Article history: Ovarian cancer is a high-mortality mali y in The ¢ porary clinical chemotherapy with classic
Received 2 June 2021 cytotoxic drugs, targeted molecular inhibitors would mostly fail when ovarian cancer cells become drug-resistant
Received in revised form 5 September 2021 or metastasize through the body or when patients bare no more toleration because of strong adverse effects. The
‘Accepted 7:Segtember 2021 past decade has spotted varying targeted delivery sy including antibody-drug conjugates (ADCs), peptide/
folate/aptamer-drug conjugates, polymer-drug conjug ligand-functionalized dicines, and dual-
K’y“"’:‘s‘-’ . targeted nanomedicines that upgrade ovarian cancer chemo- and molecular therapy effectively in preclinical/
:;3:;1 c::‘::f'y clinical settings via endowing therapeutic agents selectivity and bypassing drug resistance as well as lessening
Drug conjugates systemic toxicity. The targeted delivery approaches further provide means to potentiate emergent treatment

modalities such as molecular therapy, gene therapy, protein therapy, photodynamic therapy, dual-targeting ther-
apy and combination therapy for ovarian cancer. This review highlights up-to-date development of targeted drug
delivery strategies toward advanced, ic, relap and drug resi: ovarian cancers.

Nanomedicine
Drug resistance

© 2021

Abbreviations: OC, ovarian cancer; EOC, epithelial ovarian cancer; HGSOC,
high-grade serous cancer; LGSOC, low-grade serous cancer; ADC, antibody-diug
conjugates; PFS, progression-free survival; PLD, pegylated liposomal
doxorubicin; DAR, drug-to-antibody ratio; IMGN853, mirvetuximab
soravtansine; FR, folate receptor; FRa, folate receptor «; sulfo-SPDB, N-
succinimidyl 4-(2-pyridyldithio)-2-sulfobutanoate; CDX, cell-derived xenograft;
PDX, patient-derived xenograft; CMC, chemical manufacturing control; Q3W,
every three weeks; ORR, objective response rate; NaPi2b, sodium phosphate
transporter; MMAE, monomethyl auristatin E; MCVC-PAB,
maleimidocaproylvaline-citrulline-p-aminobenzyloxycarbonyl; LIFA,
lifastuzumab vedotin; AF-HPA, antimitotic auristatin F-hydroxypropylamide;
MTD, maximum-tolerated dose; CA125, cancer antigen 125; CD166, cluster
determinant 166; CD44, cluster determinant 44; Pt, platinum; PTX, paclitaxel;
GSH, glutathione; HER1, human epidermal growth factor receptor 1; HER2,
human epidermal growth factor receptor 2; FDA, Food and Drug
Administration; PARP, poly ADP-ribose polymerase; PLK1, polo-like kinase 1;
NGs, nanogels; TAMs, tumor-associated macrophages; TICs, tumor-initiating
cells; CR, complete response; Val-Ala-PAB, valyl-alanyl-para-aminobenzyloxy;
NucA, nucleolin aptamer; PDCs, polymer-drug conjugates; HA, hyaluronic acid;
GEM, gemcitabine; ROS, reactive oxygen species; CBTA, cyclobutane-1,2,3,4-
tetracarboxylic dianhydride; L-BSO, | -buthionine sulfoximine; NCe-FA, folate-
conjugated nanoceria; TLR4, toll-like receptor 4; EGFR, epithelial growth factor
receptor; EPI'HCI, epirubicin hydrochloride; Cy5, cyanine5; MNs, micellar

particles; CR, compl P *; FAK, focal adhesion kinase; HA-MSN,
HA-functionali p silica particles; LHRH, 1 izi
hormone-releasing hormone; Gro-a, growth-regulated oncogene «; shRNA,
short hairpin RNA; GiB, granzyme B; CC, cytochrome C; Tf, transferrin; R8,
octaarginine
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E-mail address: zyzhong@suda.edu.cn (Z. Zhong).
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Resistance for Unprecedented *°TcO,~ Cleanup from Alkaline
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ABSTRACT: Direct removal of **TcO,” from alkaline nuclear
waste is desirable because of the nuclear waste management and
environmental protection relevant to nuclear energy but is yet to
be achieved given that combined features of decent base-resistance
and high uptake selectivity toward anions with low charge density
have not been integrated into a single anion-exchange material.
Herein, we proposed a strategy overcoming these challenges by
rationally modifying the imidazolium unit of a cationic polymeric y

network (SCU-CPN-4) with bulky alkyl groups avoiding its ring- e

opening reaction induced by OH™ because of the steric hindrance

effect. This significantly improves not only the base-resistance but also the affinity toward TcO,~ as a result of enhanced
hydrophobicity, compared to other existing anion-exchange materials. More importantly, SCU-CPN-4 exhibits record high uptake
selectivity, fast sorption kinetics, sufficient robustness, and promising reusability for removing *TcO,~ from the simulated high-level
waste stream at the U.S. Savannah River Site, a typical alkaline nuclear waste, in both batch experiment and dynamic column
separation test for the first time.

B INTRODUCTION pretreatment and safe disposal.”® A crucial challenge to
The advanced nuclear fuel cycle has been considered a critical conquer is how to efficiently separate fission products under
requirement for the sustainable development of nuclear energy. highly alkaline conditions.

To date, PUREX (plutonium uranium reduction extraction) *Tc mainly presents as a soluble pertechnetate anion
process is the most used technology that has been employed (*TcO,™) in aerobic conditions because of its noncomplexing
for used fuel reprocessing in commercial plants. However, it nature and low charge density.”® This makes the depth
still suffers from some drawbacks, for example, the flammability removal of ®TcO,” difficult by the precipitation method. In

of the organic solvents, the occurrence of radiation-induced
solvent degradation, high construction costs, and production of
considerable amounts of radioactive wastes."”” Therefore, new
reprocessing approaches that enable the separation of fission
products from actinides in a more environment-friendly and
cost-effective manner should be further investigated. A new

addition, **TcO,” can easily migrate into the environment via
groundwater during long-term storage.g_11 Moreover, the
volatile nature of Tc(VII) complexes brings higher risk of
leakage during waste vitrification. In fact, Tc-99 has been
leaked to the subsurface environment of several HLW storage

conceptual process (carbonate extraction, CARBEX) that aims sites, resulting in serious contamination of underground
to reprocess used nuclear fuel using high-alkaline carbonate water,'" seawater,'”"? and rivers.'¥"® Thus, it is highly
media with oxidizing agents (i.e,, H,0,) is considered as an desirable to seek an effective strategy for **TcO,” removal
alternative way of PUREX in nuclear fuel management.’~> from highly alkaline conditions. However, this task still

Additionally, unlike the acidic stream in PUREX process, the
alkaline nature of CARBEX process makes it a good choice for
the management of alkaline high-level radioactive waste :
(HLW). On the other hand, it has been estimated that Rece.wed: July 14, 2021
~18 000 m® of alkaline HLW are stored in Mayak Production Published: August 13, 2021
Association' and millions of gallons of alkaline HLW are stored

in Hanford Site, Washington State, and Savannah River Site

(SRS), South Carolina, U.S.A.° most of which are leftover by

the cold war and are still stored in underground tanks awaiting

represents a challenge given the harsh conditions of strong

© 2021 The Authors. Published b
American Chemical Societz https://doi.org/10.1021/acscentsci.1c00847
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ABSTRACT: Understanding the chemical behavior of actinide elements is
essential for the effective management and use of actinide materials. In this
study, we report an unprecedented ;* (side-on) coordination of U by a cyanide in a
UCN cluster, which was stabilized inside a Cg, fullerene cage. UCN@C,(6)-Cg,
was successfully synthesized and fully characterized by mass spectrometry, single
crystal X-ray crystallography, cyclic voltammetry, spectroscopy, and theoretical
calculations. The bonding analysis demonstrates significant donation bonding
between CN™ and uranium, and covalent interactions between uranium and the
carbon cage. These effects correlate with an observed elongated cyanide C—N
bond, resulting in a rare case where the oxidation state of uranium shows ambiguity
between U(III) and U(I). The discovery of this unprecedented triangular
configuration of the uranium cyanide cluster provides a new insight in coordination
chemistry and highlights the large variety of bonding situations that uranium can

UCN@C,(6)-Cy

have.

H INTRODUCTION

The study of actinide clusters and gas-phase molecules
provided important fundamental knowledge of the bonding
behavior of actinides.' > However, while actinide gas-phase
molecules and clusters were widely investigated by combined
spectroscopic and theoretical methods, the systematic
characterization of their bonding motifs is still extremely
challenging as these species are generally not stable under
ambient conditions and can hardly be obtained on a
macroscopic scale. Interestingly, our recent discovery of a
novel endohedral fullerene family, actinide clusterfullerenes,
shows that fullerene cages can be utilized as effective
nanocontainers to stabilize and study rare and reactive actinide
clusters, which contain unique actinide metal—ligand bonding
motifs.*~® For example, the first reported actinide clusterfuller-
ene, U,C@I,(7)-Cg, contained a bent U=C=U cluster with
two axial U=C double bonds, a bonding structure never
observed in molecular compounds.® A study of U,C,@I;,(7)-
Cyg showed that it was the first molecule featuring a bonding
motif with two U centers bridged by a C=C unit.* These
results showed that usual actinide bonding motifs can be
stabilized and obtained in macroscopic quantities as endohe-
dral clusters inside fullerene cages. Thus, the continuing
exploration of novel actinide clusterfullerenes not only expands
the research area of fullerene chemistry but also, more
importantly, deepens our understanding of additional bonding
motifs that actinides can exhibit.

© 2021 American Chemical Society

< ACS Publications

CN~ is one of the most common ligands in coordination
chemistry. Due to its strong coordination ability, it can stabilize
various oxidation states of different metals and adopt different
bonding patterns, thus providing a rich variety of compounds
with different structures and physicochemical properties.”
Therefore, the study of uranium cyanide complexes is essential
for a comprehensive understanding of the 5f and 6d orbital
participation in actinide—ligand multiple bonds. To date,
several uranium complexes with CN~ ligands have been
reported, including CN~ ligand bridging," " carbon bonding
to the uranium center (UCN),>"'™"* and nitrogen bonding to
the uranium center (UNC)."® All of the uranium cyanide
complexes reported so far adopt these two coordination modes
and show a near-linear configuration.

Fullerene cages were also found to be capable of stabilizing
metal—cyanide clusters. Monometallic cyanide clusterfullerene
(CYCF), YCN@C,(6)-Cg,, was first reported by Yang and co-
workers in 2013."® So far, a series of lanthanide based CYCFs
have been synthesized, isolated, and characterized, including
MCN@GC,,(19138)-C,s (M = Y, Tb, and Lu),'*"” YCN@
C,(6)-Cg,"> MCN@Cg, (M =Y, Tb, Dy),"® and MCN@Cs,

=]JACS
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Activatable Polymeric Nanoprobe for Near-Infrared Fluorescence and
Photoacoustic Imaging of T Lymphocytes
Yan Zhang",* Shasha He', Wan Chen, Yinghua Liu, Xuefei Zhang, Qingqing Miao,* and

Kanyi Pu*

Abstract: Development of real-time non-invasive imaging
probes to assess infiltration and activation of cytotoxic T cells
(CTLs) is critical to predict the efficacy of cancer immuno-
therapy, which however remains challenging. Reported here is
an activatable semiconducting polymer nanoprobe (SPNP) for
near-infrared fluorescence (NIRF) and photoacoustic (PA)
imaging of a biomarker (granzyme B) associated with activa-
tion of CTLs. SPNP comprises a semiconducting polymer
(SP) conjugated with a granzyme B cleavable and dye-labeled
peptide as the side chain, both of which emit NIRF and PA
signals. After systemic administration, SPNP passively targets
the tumor and in situ reacts with granzyme B to release the dye-
labeled peptide, leading to decreased NIRF and PA signals
from the dye but unchanged signals from the polymer. Such
ratiometric NIRF and PA signals of SPNP correlate well with
the expression level of granzyme B and intratumoral popula-
tion of CTLs. Thus, this study not only presents the first PA
probes for in vivo imaging of immune activation but also
provides a molecular design strategy that can be generalized
for molecular imaging of other immune-related biomarkers.

Introduction

Cancer immunotherapy that harnesses the host immune
system to eliminate malignant cancer cells represents a prom-
ising clinical approach to treat various cancers."! Increasing
evidences have revealed that the success of anti-cancer
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immunity strongly correlates with the presence of tumor-
infiltrating T lymphocytes due to the pivotal role of T lym-
phocytes in antitumor immunity.” Thus, evaluation of the
presence and activation of T lymphocytes is critical for
monitoring cancer immunotherapeutic efficacy and predict-
ing the cancer treatment outcome, which involves the biopsies
assessment and anatomical measurement in clinical settings.
While the invasive biopsies are often evaluated by post-
therapeutic time scales and may poorly correlate with the
clinic pathology; the imaging modalities including computed
tomography (CT), magnetic resonance imaging (MRI), or
positron emission tomography (PET), offer non-invasively
diagnostic abilities.”). However, these imaging modalities
generally lack molecular sensitivity or specificity, which
necessitates the development of alternative approaches to
enable early and accurate assessment of the immune re-
sponses associated with T lymphocytes.

Molecular optical imaging enables early visualization and
detection of subtle molecular abnormalities with high sensi-
tivity and specificity.*! Although fluorescence probes have
been extensively exploited for imaging of cancer biomarkers,
only few examples were reported for in vivo imaging of
T lymphocytes, which include dye-iron oxide nanoparticles,
and hemi-cyanine macromolecular reporter.”! Moreover,
fluorescence probes often encounter the tissue of shallow
tissue penetration depth due to high photon absorption and
scattering.!”) In contrast, photoacoustic (PA) imaging that
integrates near-infrared (NIR) excitation with thermal-ultra-
sonic detection provides deeper tissue penetration (up to
12 cm) relative to fluorescence imaging” Activatable PA
imaging probes with biomarker-triggered signals offer meas-
urable and quantifiable real-time information on pathological
status at the molecular level® Among many PA agents
including gold nanoparticles,” two-dimensional materials,'"!
carbon-based nanomaterials,""! porphysomes,”*! dye-doped
nanoparticles”®!  semiconducting polymer nanoparticles
(SPN) are structurally versatile for construction of activatable
PA imaging probes."¥! Till now, activatable PA probes have
been used for in vivo imaging of a variety of biomarkers and
biologically metabolites, including aberrant pH,!"’! reactive
oxygen species (ROS),!**'%! metal ions,'”! enzyme biomark-
er!" However, to the best of our knowledge, there are
currently no activatable PA probes capable of real-time in
vivo monitoring of T lymphocytes.

Herein, we report a semiconducting polymer nanoprobe
(SPNP) that changes its NIR fluorescence (NIRF) and PA
signals to detect granzyme B for real-time in vivo imaging of
immune activation in the course of cancer therapy. Granzy-
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Aggregation of Gold Nanoparticles Triggered by Hydrogen Peroxide-
Initiated Chemiluminescence for Activated Tumor Theranostics
Qiulian Mao, Jing Fang, Anna Wang, Yuqi Zhang, Chaoxiang Cui, Shuyue Ye, Yan Zhao,

Yali Feng, Jiachen Li, and Haibin Shi*

Abstract: Developing endogenous photo-activated theranostic
platforms to overcome the limitation of low tissue-penetration
from external light sources is highly significant for cancer
diagnosis and treatment. We report a H,O -initiated chemilu-
minescence (CL)-triggered nanoparticle aggregation strategy
to activate theranostic functions of gold nanoparticles
(AuNPs) for effective tumor imaging and therapy. Two types
of AuNPs (tAuNP & mAuNP) were designed and fabricated
by conjugating 2,5-diphenyltetrazole and methacrylic acid
onto the surface of AuNPs, respectively. Luminol was
adsorbed onto the mAuNPs to afford self-illuminating
mAuNP/Lu NPs that could produce strong CL by reaction
with H,O, in the tumor microenvironment, which triggers
significant aggregation of AuNPs resulting in enhanced
accumulation and retention of AuNPs for activated photo-
acoustic imaging and photothermal therapy of tumors. We thus
believe that this approach may offer a promising tool for
effective tumor treatment.

Introduction

With the rapid development of nanotechnology, nano-
materials have been widely recognized to have a great
potential as nanomedicine for cancer diagnosis and treatment
due to their adjustable size, large surface area, and passive
targeting capability.!! Nevertheless, the potential toxicity,
difficult metabolism, low diagnostic and therapeutic efficacy
are the major concerns that severely hinder the wide
biomedical applications of nanomaterials in living system.
Hence, it is highly demanded and urgent to develop an
intelligent and efficient theranostic nanoplatform for precise
cancer diagnosis and treatment.

Gold nanoparticles (AuNPs), as one type of noble metal
nanomaterials, have received great attention as promising
theranostic agents for disease treatment owing to excellent
biocompatibility, ease of surface modification, and unique
optical property.”) One particularly important feature is the
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localized surface plasmon resonance (LSPR) in near-infrared
(NIR) region, which plays a crucial role in photoacoustic
imaging (PAI) and photothermal therapy (PTT) applica-
tions.”’! To date, AuNPs have been well demonstrated to be
outstanding photoacoustic and photothermal agents for
cancer imaging and therapy because of the unique physico-
chemical property, strong NIR absorption, and high optical-
thermal conversion efficacy.! Among them, the optical
property of AuNPs are intimately related to their size,
morphology, and surface decoration.”) The spherical solid
AuNPs with small size are actually more suitable for in vivo
tumor theranostic applications owing to the longer blood
circulation time, shorter biological half-life, and deeper tissue
penetration.! Unfortunately, they are easily excreted by body
leading to low tumor accumulation, which in consequence
causes poor diagnostic and therapeutic efficacy in living
system. However, large gold nanoparticles (>50 nm) nor-
mally exhibit strong NIR absorption that is essentially key
factor for PAI and PTT applications, but they can be readily
entrapped by reticuloendothelial system (RES) leading to
unsatisfactory theranostic outcomes.”” To address above
contradiction, great efforts have been recently devoted to
manipulate the aggregation of small AuNPs by utilizing
external stimuli,® such as thiol-containing molecules,” acidic
extracellular pH,!'"! disease-associated enzymes,''! and DNA,
ete,™ which is capable of not only maximizing the accumu-
lation and retention of AuNPs within tumors, but also shifting
the surface plasmon resonance to NIR region for PAI and
PTT applications.

Although significant improvements have been achieved
thus far, the complex biological microenvironment tends to
pose uncontrollable particle aggregation leading to serious
side effect to organisms. Light has recently been documented
to be a promising stimulus to locally trigger the aggregation of
nanoparticles for various biological applications owing to its
simple operation, low cost, and spatiotemporal controllabil-
ity.”) We have previously developed a type of photo-cross-
linkable AuNPs, and for the first time achieved light-induced
aggregation of small AuNPs in vivo, as a consequence real-
izing the activated PAI and PTT of tumors in living mice
(Scheme 1a)." Nevertheless, the broad application of this
approach in vivo is still impeded by its shallow tissue
penetration of 405nm laser as well as low crosslinking
efficiency. Therefore, it is highly significant to develop new
advanced strategies for specifically and effectively manipu-
lating the aggregation of AuNPs within tumors for enhanced
PAI and PTT in vivo.
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In Vivo Uranium Sequestration using a Nanoscale Metal-Organic

Framework

Xiaomei Wang*, Lei Chen*, Zhuanling Bai*, Duo Zhang, Jingwen Guan, Yijing Zhang, Cen Shi,

and Juan Diwu*

Abstract: An agent for actinide sequestration with fast
uranium uptake kinetics and efficient in vivo uranium removal
using a nanoscale metal-organic framework (nano-MOF) is
proposed. UiO-66 nanoparticles post-synthetically functional-
ized with carboxyl groups, UiO-66-(COOH) 180, exhibit the
fastest uranium uptake kinetics reported with more than 65 %
of uranyl in fetal bovine serum (FBS) removed within 5 min.
Moreover, the in vivo bio-distribution studies show that the
material partially accumulates in kidneys and femurs where
uranium mainly deposits facilitating the in vivo sequestration
of uranium. The results of the in vivo uranium decorporation
assays with mice show that UiO-66-(COOH) 180 could
successfully reduce the amounts of uranyl deposited in kidneys
and femurs by up to 55.4% and 36.5 %, respectively, and is
significantly more efficient than the commercial actinide
decorporation agent, ZnNa;-DTPA.

l n the past several decades, advances in the nuclear energy
industry, both for civilian and military purposes, has left
a lasting legacy on our planet in accumulating uranium waste
and contamination and concentrated stockpiles of depleted
uranium. This buildup is a significant threat to public health in
the event of waste leakage, nuclear incident, or terrorist
attacks." If uranium is introduced into the human body after
exposure, it quickly deposits in kidneys and bones in the form
of the hexavalent uranyl ion (UO,™") following a short
retention time in blood. The combined chemotoxicity and
radiotoxicity of uranium can lead to irreversible kidney
damage, urinary system disease, DNA damage, and disruption
of biomolecules.*”! To date, chelation therapy is considered
the most effective treatment for uranium decorporation and
removal from the body.

Over the years, a series of decorporation agents have been
extensively studied for invivo uranyl chelation aiming at
reducing the uranium content of the whole body." 5LIO-
(Me-3,2-HOPO) and 3,4,3-LI-1,2-HOPO have been regarded
as the optimal ligands for clinical applications. However, both
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HOPO ligands show limited effect in reducing the amount of
uranium in bones." ™ Our recent work reported a new
uranium chelator, SLIO-1-Cm-3,2-HOPO, that could signifi-
cantly remove uranium from bones.”*! Using sodium bicar-
bonate to decorporate uranium is also recommended, but its
application is restricted due to its disturbance of the normal
acid-base balance in the body.'*"”) The DTPA ligand is the
only authorized chelating agent to treat the internal contam-
ination of actinides, but the performance of DTPA for
uranium decorporation is limited in both kidneys and bones.
An effect that is likely ascribed to its poor uranium-specific
binding affinity. For instance, the stability constant logf,
(13.78) of DTPA with uranyl ions is smaller than values of
DTPA with essential divalent metal ions at physiological pH
(i.e. Zn" (logpiy, 18.0), Co" (logBy1o, 17.9), Cu (logBiy,, 20.3),
and Ni" (logB, ,, 18.5)).>" Therefore, DTPA type decorpora-
tion agents are commonly used in the form of CaNa;-DTPA
or ZnNa;-DTPA to avoid hypocalcemia or even death due to
Zn" or Ca" depletion.”!"*?! This issue is complicated further by
the competitive binding of uranyl by molecular chelators with
siderophores that also significantly affects the binding kinetics
and removal efficacy of uranium.

The challenge to reduce in vivo uranium content without
causing Zn" or Ca" depletion has perplexed most chelating
agents currently which fail to out compete thermodynami-
cally stable uranyl complexes that can be formed either with
biomolecules in kidneys or with the inorganic phosphate
ligand in bones for uranyl. In sharp contrast, functionalized
metal-organic framework (MOF) materials have shown high
adsorption selectivity, ultrafast sorption kinetics, and
extremely high depletion ratio for uranium in the environ-
ment.”2! This is due to its advantages of large surface area,
tunable structural topology, adjustable pore size, biocompat-
ibility, and facile and efficient functionalization. Thus far,
most MOFs used for environmental remediation purposes are
in the microscale regime, whereas nanoscale MOFs (nano-
MOFs) can be expected to exhibit an elevation in guest
uptake kinetics making their biological applications more
viable.?*?! Furthermore, nano-MOFs have been studied
extensively as effective detoxicants. For instance, Horcajada
et al. proposed that a biocompatible and stable metal-organic
framework (MOF, MIL-127) can be used as an oral detoxify-
ing adsorbent agent to reduce the salicylate gastrointestinal
absorption in the digestive system.” Farha et al. has recently
reported the efficient removal of uremic toxins using Zr-
based MOFs in human serum albumin (HSA).P"! Herein, we
utilize nanoscale MOFs for the first time as uranium
sequestration agents to rapidly trap uranyl and significantly
reduce the whole body uranium content in vivo.

Angew. Chem. Int. Ed. 2021, 60, 1646 -1650
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