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A robust high— throughput fluorescence polarization assay for rapid screening

of SARS—CoV—2 papain—like protease inhibitors

Haohao Yan, Yunyu Chen*
Institute for Drug Screening and Evaluation, Wannan Medical College, Wuhu, 241002

The global scourge of COVID — 19 is a serious threat to public health, but effective
therapies remain very limited for this disease. Therefore, the discovery of novel antiviral agents is
urgently needed to fight against COVID— 19. In the lifecycle of SARS— CoV —2, the causing
pathogen of COVID — 19, papain — like protease (PLpro) is responsible for the cleavage of
polyprotein into functional units as well as immune evasion of vaccines. Hence, PLpro has been
regarded as an attractive target to develop antiviral agents. Herein, we first developed a robust
and simple sandwich — like fluorescence polarization (FP) screening assay for the discovery of
PLpro inhibitors, and identified anacardic acid as a novel competitive inhibitor against PLpro in
vitro with an 1C;, value of 24.26 =0.4 pM. This reliable FP screening assay could provide a
prospective avenue for rapid discovery of antiviral agents targeting PLpro in a large — scale
screening.

Keywords: SARS— CoV —2; Papain—like protease inhibitors; Fluorescence polarization;

High— throughput screening; Anacardic acid

Genomic and transcriptomic analysis revealed new insights into the influence
of key T6SS geneshcp and vgrG on drug resistance and interbacterial competition

in Klebsiella pneumoniae

Wanzhen Li'"?®, Xiaolan Huang"?®, Dan Li', Xiaofen Liu'**,
Xiaoying Jiang', Xingchen Bian**', Xin L"%*?*, Jing Zhang'**" %
! Institute of Antibiotics, Huashan Hospital, Fudan University, Shanghai, 200040
2 Key Laboratory of Clinical Pharmacology of Antibiotics, Shanghai, 200040
* National Health Commission and National Clinical Research Center for Aging and Medicine,
Huashan Hospital, Fudan University, Shanghai, China, 200040
‘Phase I Clinical Research Center, Huashan Hospital, Fudan University, Shanghai, China, 200040

Purposes: Type VI secretion systems (T6SSs) act as a molecular weapon in interbacterial
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competition and play an important role in cell —cell interactions. Different species of bacteria use
their T6SSs to perform a variety of functions according to ecological niche. Therefore, this study
aimed to better understand the T6SS potential of Klebsiella pneumoniae (K. pneumoniae), a
common clinical opportunistic pathogen.

Methods: Here, we performed a genomic analysis in 65 sequenced strains of
K. pneumoniae, in order to explore the relationship between T6SS and virulence and resistance
genes. We also study the repertoire after knockout of key gene in T6SS of this species by
transcriptomics. The gene knockout strains HS11286 — Ahcp and HS11286 — AvgrG were
constructed using the ARed recombinase method, and the vital role of T6SS in ST11
K. pneumoniae was verified by interbacterial competitive growth assays.

Results: Results showed that T6SS was present in all 65 strains isolated from different
clinical infections, and there is no correlation was found between T6SS gene cluster and
carbapenem resistance genes and virulence genes. Transcriptomic analysis showed that the
knockout of hcp or vgrG gene caused changes in quorum sensing, propionate metabolism and
other pathways, and up—regulation of beta—lactam (blaxpc—2, TEM—1) and other resistance
genes. We also found that the deletion of hcp and vgrG genes inhibited the expression of other
copy of T6SS cluster in HS11286 K. pneumoniae. Interbacterial competition experiments showed
that hcp and vgrG are essential genes for T6SS competitive ability of ST11 K. pneumoniae.

Conclusions; Taken together, this study analyzed the T6SS in clinical K. pneumoniae
through genomics and explored the repertoire of T6SS in this species by transcriptomics. It was
suggested that T6SS is associated with drug resistance, and its key genes hcp and wvgrG are
critical for the interspecies competition of K. pneumoniae.

Keywords: Klebsiella pneumoniae, type VI secretion system, genomics, transcriptomics

MmErEALREEFERGRITRGEMEESENEs ST EER
TH, 4REEEE «
R AR R A B IR A SRR R AL E S 443002
HH: WFEARAAEME (ebselen, EbSe) 54§ & (streptomycin, SM) R /A FF 5 A9 30
il 1 P S AL
I (D R R BRI EbSe & EbSe BEFHAIEF- (rifampicin, RIF), S
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(isoniazid, INH). SM X205 i) /DI F € JF  (minimum inhibitory concentration, MIC), i#
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ARG I EbSe B SM AR FF M N ROS 7 BE28 4k, 38 i (it P s B 12 A6 I i AL i
JR ) A BE R (dithiothreitol, DTT) FARHEXT EbSe Bt H SM Ab B 5 18 43 BAT B AR < (145K
WK, IS GBS RGN Y b 5 AN A ARk, R AR (western blot, WB)
Kl EbSe B H] SM X0 AT LA Trx REECHEE AR IAKFRYSEZm ; (4) it CCK—8 ik
Kl EbSe F1 SM Xf ELBE 4 RAW 264. 7 B3935 (5) H4 Hg 40 BOFT /N BRUR Ik 1Y
B, RERLG T K 25 2 e /N RO B A AR 1 O, 1A A T AR, O 728 2 SR AT 2 D A U
HE. E Yoo g LR Y PG 25 IR T AR s (6) Bl FLah ¥ 25 4 s e, 4Gl
/NERFE B D BEAR S A S A TR 4 HEE Y B 25 W i P 1
50L. (1) EbSe 5 RIF BHIEH RMEZCR, EbSe 5 INH B AR P R H TrxR {5 2%,
EbSe 5 SM 1 AT PRI I /B B8 TrxR &M A K . (2) EbSe Al SMEBRFIX A A AE K
I 3 R FF B A IR, FUAE R R RO 20 4 he (3) EbSe BH SM 73 ROS 7= & 715 ,
DTT nf 4L EbSe I SM i i ) ¥ 3 A AT B AR K I B0 SO 581405 EbSe B H SM AR 521
Trxl HEHMIFEE, (1) 20 uM EbSe 5 87. 8 uM SM 440 FH 24 h 148 h 5, RAW 264. 7 1/E
KAFAEAZZEM . (5) (MR R S50 24 KAGIN FE AR 480 i S RAE A T 7KF-, EbSe
5 SM KA CRLETXTREAD) w2 /N B i, A B i R HF IL—10 Rik
FhiEr . ARRI TNF—a FRIEFEML, AL THRAARE . (6) L2 14 K. 55X IAIHH
[, EbSe Bt H SM /NG DIfg o s

451 EbSe A SM n] P[] #E m] 45 Trx RGP BATH A K5 EbSe 5 SM B FHREXT
WO BT R B/ N RUE IR TAE A ARESE T I EbSe 5 SM I EEX B A RAW 264.7 ¢
8 A0 A DA R B P kN LT I

ORERR] AR MRATENME: BREAE D RS BEEER; BB
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LT#Z A5 5 18 1T CD40/CD40L & B #I SMA B BB £ BB B iw P Y
BR 4B E &R E &K

BRFHRT . AR, ol
1 VPS5 K B M 2, BTG A8 P 2 T M IX MERS 7 8% 76 5, 710061
2 %A K B S S Tl . BB P2 TITHERS (X MES P K 76 5, 710061

B BTz aEyemiayr AN B R 2+ F %% (vulvovaginal candidiasis, VVC) |
VERI BALA . J510 s SR FHMEVE 38 OO BRI B 22 I B DA B S R e f i VVC KRBT, S5 3
KNG — e (HEE) Yot PR LR BB 77 S RAE R FAG I . LS 2T A% 40 35 ok W%t K B B 3
BRI L2 T B DA R B 9 1B R RE RN I VE . R Western blotting 4347 CD40 / CDA0OL 3
ik, IRl 2 BSE VAT IR . 45 HOE Y@ R WoR s ik 3% 7 VVC K UL
IS IE NI R 1 . L0AZ IS VR WA YT I B8 pH (E AN IR 22 W B TR R O B R AIR . 1t
Hb LU PR AT A BB SERE R R, L G 0 T B R g 2 Y $Hf4m$ﬁTﬁ
IFN—v §J# ik, Western blotting 45 5 /R, 21 4% 100 3% Pk ¥ mT [ 0 JBE 4 B 38 41 21 b CDAo
qmm%%ioL—ﬁ%H%Eﬁiﬁﬁ%%,%Tcm&(bmbsnuﬁ&%ﬁﬁﬂm%
WIRYY VVC OGRS . S5, AT R A vEt T8 T STAT1 MEAKF. Kk,
ZIAZ A VT AT AEE 25 15 CD40/CDAOL A1 STATL 3F 0 bl 15 11 22 1o 8 T S e o el 2% K LB
RAESIN o« 518 s ASBIF T 3 W LA U Tk 06 VR 308 o 410 7] 0 {152 22 1 3 T R0 I3 3 4R 9 2 17 3 7 K B
VVC, HHLHE CD40 / CDAOL #1 STATL A%,

KBIA): ZIAZITE VR s AR R 2 BB T s SEE R s CD40/CD40L; STATI

ESEXZITEY DHA27 M ES/EA R EN S5

R,
T S BE R R A LR 7 0 S S (0 RO E I E P A R A 2 E0 2, SEMIRE . 563000

F . ZET R0 TR, ARBABOHE N T —RAHFERGAEY,. WS ZMHTE
2R R PR RS AT I E . PR T R AT AR A R U S A Bl (R, O
XU R LRI REA T O, O 1005 200 1 1) 22 25 T 25 4 (3L RE Bt

Tiidk: RAAL 2 A5G BEE I 2 5 BRIE AT AR 4 DHAZT FUARFHTR 259 (B— NBEREE .
TS, VRIS . 2RSS Xk HE 22 I R b o TR bR S I PR R RR B T TS . ZEE A
DHA27 FIARIBT R 253 40 19 MIC {HRHOL T R AR EE I E DHAZ2T FZ Rt i 25 )ik
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A A ER R B I Y P ) I R A P B R BE T, 1 — 2P . DR A TR 25 B i
R HE W TR HALHR AT 5T

454 . DHAZT 52 Mim 259 Bon ARG AU BOm 1k . el 5 &M IS A: Kk
A I, DHA27 af g 4R ma B TR R, WPRORER L 2 A0 3 BB A 2 %l R
B SR AR A N TR T 2 R Y BRI, RS 2R A B PO AE R Y MIC R 32 £, Ha
ik (FICI<C0.09), PRNZGELAM IR KB, DHA2T B4 A0 55 2 X il SR A5 o i 1 0o /s Uk
BRERR A —E RGP, AT 3 AR/ L 7 RAET R, #HTH#%EFmWﬁ¢ﬁ%
ORIV U e 200 B 9 R R 7 L B BRI o TL— 18, TEN—y BEOK . i —2Hh, ML DC AT 5T
KB DHA27 NREW] 520 B AR 252544 | T%%Eﬁm?%T®%W%% WK BE W] 52 R A
J7 16STRNA FUEALREE mRNA B35, HRFE BT 3 S0 BIL 1) -5 410 74 ] 2 AR 5P R W PR 2 53 T
PR HRR Y Z R T AL mRNA YRR I C

REETEERF NS HBAENRENSRITEREN A HERRTHR

B, W, T
SR BEBE 11750 AT B 12 55, 200040

Wt DHERRIRITI AT S HOMAERE (methicillin resistant Staphylococcus
aureus, MRSA) YL —L Y. BEE RIS HNIH . AR TT R 3R P & s A 4 Bk
F (vancomycin—intermediate S.awreus, VISA) B R HMH T EHE X PN S EHOHEHRE
(heterogenous VISA, hVISA) #ifTRE LIS . A5 0T hVISA FkAE MRSA i i
PR TAT R FIRA TR A ARAE , IR Xl B R IR T 52

itk AW —TRTHETE . 2P0 Im RO ST, dellcdE 2012 48 2 J] ~2020 4F 6 J] i) 1)
200 Bk MRSA Il RECEE R . R FHBUIE M B0 5 0 7 % 3R I /MINTE M (minimal inhibitory
concentration, MIC), LAFEH#FS T — M4 T AR 2517 hVISA ik, XF hVISA 43 B bk i1y
ABER M, A HORAT reRERR . ARYE O B R MRSA JBGL 85 70 hVISA FIJT 8 2
B4 E O E PR A (vancomycin—susceptible Staphylococcus aureus, VSSA) 2, TP P 2H ]
(T B B IRYT B R AU W 7 7008 5

ZE9L, 200 Bk MRSA I FRECR Ak, JER T 113 ¥k (56.5%0) hVISA Hikk. 4 #k (2.0%)
VISA Btk Jerb2reg BB R 99 #k (99/176, 54.000), JLEMEH 18 & (18/24,
75.0%), hVISA Fl1 VISA B #RAERAFILE AL F e e ST5— SCCmecll —agrll, 1E4H
ARG hVISA FIVSSA A% 7t 85 3R B9 I R AU B r i e e 3 ks 5 (P>
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0.05), [EHIBRERA HAtyid: ZiaF &G . hVISA B i EZ Py LMK INE GA
JPRIBCR 34. 4% vs. 8.0%, P=0.026),

g5t TEARMESE, hVISA BYRH X J7 1 8 R B 25387 HoA Wag s, 5| S i PR B 40
Ho Homer 30 7 R AT A A 00 60 B 7% f) SR A o i it

ORI ST R R P A 4 i R AT IR T T AP AR e e A R s 0 R U
4 i R R IR TR R JTRL

EREZAAE Spns2/SIP (5 SHEMBERE N ZFEEFRIER
Jrdt. AR, BRI, FEREL. B
1 E N AR s R R KA 2 R A B 3 3 P4 710032
2 rp N R AR 2 R R — MR R Be b i e B, VG4 710038

TR S S DR A 2 B SOE S M ZR 3 ik, S EURE I A E IR R I R L
MG EAE A FEGE TR E R F A B = A IR AR IE . LA A o A0 e S R
7 BRI e A AR . IRE S R GRS, JE MBI BERAE AT S A B 27 10

FEABETE . ATV UL T WA i P 2L 1R 2 1K 2% 200 A5 -15 B0 40 0 2 IO 25 ) S R AL 0
T HAE oA SR A A I 2= . R T R N LR TS PR (mtROS) 7 42
AEE N R, HE M 3 NE — B Gl S KT e sk S8 N 1 R 38 . A Xt s AR b i i
BURIEBFFEH, FRATTI A T B g 40 iR IR Spns2/S1P {5 5 s B2 BN MR AT A
SR AR AR SR A E BN A5 Sl SRR IR R E R R (MAS) L. 52 2
BRI TIRE . T 45 200 M A LI K B T Ui e 40 B SR IV 2

i LTk, ABEFEHE R T “Spns2/SIP 55 M A FLR - mtROS” Rh7EA 5 B w40l b
2R B DR I TP ) S SR P o DA R 1 R S N o B ) 8 3 I B I TR R Y
P .

SRHE . MeREAE: EVRAANE; Spns2/SIP {55 MMNILIR: LhiATETEA
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o E 2@ 2025 B S =1
EEZ1TEY DHA27 M E = AR EIEEER

Wresfi, e, R
T PR R0 AR E A S 4 R (0 I 2 T R I PR B AR R S e gy . S L. 563000

By BETROe TAERA, RREHBITE T —RIVEEHRATAEY . *HHT DHA27 5
ZAMT P25 O AT B 2 BHPE PR 88 €0 78 2 R TR R PR 4 VB bR < € 3 2 3K O A O TR
WO A TN . BB A A ) & B AT B R RV R AL, e L T B AV AL
HIHEATIIIE . i A0 DA 0 22 24 T 24 3 (AR JE i

Jrik s SRS AR R I e i E A DHA27 AR L TR & e s A kb A
B2 (B— INERESS . MEIRSE . JBMBLE S . KIRNERZE . MRAT R . S 2s . &OEhE
T X AR AT ERTE . T FH 42 PG PR 5 B85 € 77 26 R 81 s o TR R 155 1 DR TR PR I T TR M AR R
DHA27 FIAS [R50 TR 25 ) %t s FH 48000 bR 2 A A 3K AT MIC (B, SR AIBLAR LI 2 DHA27 FiZ
40 B8 245 6 G ol FH R I R 00 TR V6 0 O 35 1 IR T 0 D A P e P B AL

S5 PRONE SIS & . DHA2T 58T P RIR KB R G M AR, af B s PR
BER DU E UM A A ERE I VEH . Mk ERe 5 (FICD ik 0. 28, 5 3— NI
PUA= 22 B STPGARIE A R, ) 1% i By 28 P bR i FY 420 D bR 4 5 (0 3 A B DA A R . 540 10 B
WeEEFE % (FICD 35 0. 28,

BRI EAY RN IERARERE

BAE . BT
Y B R AR N BE BE TR RS, DARRPUE R G IR 2 B R s ss. B, 200040

FUA . WEMR L A A 0 B 24 10 1A S 245 S50 0 7 X ) ) BR T 25 45 22 PP | BT AP DU/ AT . 7
i PRAS ™ 2 N o | P T ) 24 0 2 A 355 R s e g A B s e o T S D SR A o R 2 X
ERRIRGBEMIRIGNE RS R G BA RPN, o IR AR G e i 2 . L AR
OYWT Y - BT S M) 2% e Y G B R Y A AT SRR s 5 0 X AS AL 2 T 5 B
BRI GV AR RIARSC N B AT . T7 ik B8 —000 . MR G e i1 4 A T A SCRR 204
AR SCHR S B 5 W % S B 15 1 P AR E S8 A A5 A SN AR s . P S 240 M 2 2 2 e R
FH AP AR B A ERE (MRSA) L IRZ A (LPS) sl AR A H AR (PVL) &
e NN SR A/ g 20l S U B M S AR e e i R R % A i o T — 6
TNF — o S 200 A5 81 5549 LA RO e A A e VR P B 2 ) o (A N sl 01088 22 5R T MIRSA
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LPS Keim B i By /Nl KRB, PR RIS WEREIGTT . WS 25 W X6) 2l 19 B8 3 (14 5% T
FFIL—6, TNF—o SFAMMEH R EN . 58050 RO e m s E bt 5E . o0k
RPN . AR sh i R ] LPS I8 i /N 5 /N S B I . 7 AR B
e e AW BZIZ 25 2 A e LPS 15909 IL—6. TNF— o Z5{2 R PE0 M K 097 h s, S 2t
ORI A PRI OEIHF 2 (NRF—2) /4L 2R 1 (HO— 1D Rk im ., R/MK
50 W45 R A 2 1 B ot L W A ML ) e O RVE . S5 2R S iR . 28RS M
SEEE R R AR MRSA . LPS K PVL 257 5 0 40 M 5 i 52 1 BAT S0 HIAE T, RERAEAR IL—
6. TNF—o e REAMIH F R, Z8Eh iR 56 25 5 o R 2SR RE AL MRSA, LPS K
JERR TS SR FE R, T ARR R4 TL—6. TNF — o 2548 R PEAN MR 7k B, EA 4
PEGAPVERT . 55 3000 B M e S 2 UV FH A9 . 25 1 i/ Sk GG 4 LPS i S /N RN 7
FRIMAE . B4 B SRR SN I i R fide vl A /N BRI 7 1 TNF — o IL—6 254 5 PE4H
LR F- R R, B SR SN 5 5 B 5 R S8 7 o s e o 2 T /0 BRI JRy 38 R 4 B AR i, L
BRIETEN . RIS s BRI B 1 5k 1 AL BT AR 0 38R i NREF — 2/HO— 1 3l % 3¢
K PR k71 R M Rl RIS T 0 4t L 1D R A W VR P L P Il 348 5 5 I 4 o o
WIPT TR EER, AR T EW R E VM AR . 4598 RISl @ F ok Ra R
ARIERTAER, AT LA LPS, MRSA 45755 098 Ys K RRE SN, 3458 F 5 48 0T B P9 18 7
AUEVER B e A AU

BB RENAEREFENHTFR

TR, RENE. Famors
[R5 R2p e 2= B bt 2+ N EEBE . i, 200092

SR H B AT R 25 YPRA B T A BRI DT EC R 25 W) PR A7 I8 ) 25 i 2454 14
W A TR AT A YR TR . AT FDA #tERy b 5% (HY —1022, MCE©) it
117 mREEfE . JFEE T — A ER ST R A Y — AR

SEE T B MR A 0 7 R FDA HEMEAL & W) BTG s I TR Rk X
A AT HUEL AT PRI 5 5 PR30 O TR A 0 DL R B A T L TR 5 O B TR B ) 1
SEREERAF UL ; RNA— Seq 40 A BLER R B4 R FASER R AR SR AR Ol ik
Xof SRRV S B2 A S BER R BE AT R A A2 5 GC— MS SR A B8 5 R e A L 1 e TR L o
ARy ES T B AR A s TR0 Dol R ARG LA Y0 0 X A2 5 Tt 5 B 56 AT e S T e ) SR AP 5
Western Blot A&l B2 1580 22 1 (5 855 il 2 1 A SR B RO 5 RS  0) B oL e 5 HU A
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T2 S AR A B AL B D DRI S STVE T s B P 6G AMHET ARG I B8 TR 6T 1 Bk T
HMEDIRE A SE I 5 OGRS I BB SV TS DO AR IC IR 1 odrl MENL; FYRE cdrl BRI
TR 2R B T R I B6IE B PR e (0 AU s XCTT ik ) L 0 9 o 2 0 e MBS T P 2 5 A6 0
SRR TRLBONT [ A R P DT 22 F R 52 5 A D SRR YR A P 247 77 A ] B R B s RGN LR YR e ko
Jo B TR /N BRI VR s A BB VL X W L sl i A i 212

FHAR . ARV BB ER FDA #UHERM 259 h A B Pt + . R IRE AR
JUIE BT EC IS R, XL B T 24 L R R AE N 1) 2 R B0 BUR B A R A R EA
M X FRSIRE MR/ MR E (MIG) K% 1 pg/mL, A, 1 pg/ml BERE ] DL5E 4
I AER B SC5314 B K . RNA—Seq 25 FLHIEE Ay {55 751 107 R S 40 28 I SR B IR 2 P b L
B TE M S 2 A S A S R G, SR, GC— MS 523645 5 2 B B R 4V 1 14 1 A Bk
LD 22 F S B0 5 i SO0 BRZE A T et 25 5 . SRR IRUBRONT 22 A S B 1O % ) 5 K] ol
IR TR B BB E 5 05 B2 ) SRR A LA Ve 22 . ELASSZ MR 22 A 1S B i I 3R 1 3R
IRTEBL . SR A v B 0 B R B 5 8 R ) 22 £ 155 1 A 0 6 W Ak 6 ) R i EL A s e
MAHEAER . BB P 6G AMHESE 56 15 980 1 58 A 52 0 3% W57 410 1)k 8 1y S0 VL B el S I edird
EOAMSEYNZ, B9 odrl FWAMEDIRE. LAL, BUEREE (2 pg/mL) ol LI AR BR A Y)
PERRELL S TR 22 (TG B, 15 SN 25 S50 v, BURRIRERAE 30 RN SCER E AN MICs, i 1 pg/mL %
2 pg/mL, 5XIRZGYHUREME (1 pg/mL FH% 16 pg/ml) AHLG, 25 H 30 (] XA B 4K
LGB 25 ) SRR . L B VR e o 8 3608 edr ]l ARRR Rk LA SR B P ELTE TG M (MG,
0.25 pg/mL), XFFIRRIG PRI UG ATCC BMRA BT MICs {8 (0.5—1 pg/ml), ML
g, BAPRREE (50 mg/kg) AN A B U BR DA /MBI P S AR AERTTRD A 5 R (R HRZD)
FERZE 15 K, IFHAERREMN 000 W IR4D & E 62.5% (p = 0.0078), BEAk, BERIRE XS
7L 2 4 A P EE VR AR AR, 1Cs0 2 15— 32 pg/mlL, 1R TR AR R MIC;,, KPR
VST N B T A A R R TR

SHAE s AT R IR BT 1S P BRI, X T ERIA edrl BT 25 bR
BATSRHT LT M SRR IR W LA ) R P ) 22 A S R ) A T AN 6 L o A S
A0 P9 22 A S B TC Ik I e A BN AR B A b, JE ik S BE IR Y RS I M R 4 40 . 0 T 400 R S )
SEREVEN R FEBTE TG YE . Hl TR B A odrl BIEY. X T RiRIk odrl A1 24576
PR EAA S BRI, A2, BEBEAE ) FDA LRI &Y. BoA ML, 251tsh 12
GORM B AR AT HLHN AR B LA R 0 B 9 2 AR S BT AR MR . S SRR A LA
Gy, B O R T R M A T )

OCHER] . FURERDE EATZ: ZMAEEE, BN odrl;
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25 TR L 2023 4R 55 V0555 10
O % 3T $5 th R G  mR M E =S I VLI 5=
Wil M, FImHE «
[l K2z B2z bt [FDF R e B 28 -+ AR BE . B, 200092

By s (FLO SMBA M HEA R, 2k FLC i 25 09 1 20 RN BR
BRI RSN R — A A RN . O TR A R, FRATTZE S FDA R 259 P2
PEATIRANG e, DABEEM FLC BA A EEH &Y.

Jiid: FAIA FDA HEHER(L S 2372 Mgtk &9 (HY—1022, MCE©) #1771
O L . A PR A R TR R R T TR BT A FLC R se A ). dd e g
Fh B AE FLC 32 K ARk (SC5314, SN152. empl —aid 4 /cmpl —aid 7 F Papw
—UPC2) #4171 FLC 40§ #se s, i — 58 e 25 K FLC M) B0 04 A8 R S LR 1
fie )1, Ffi@st E T (UDP) (OECD 425, 2008) 7E AR /IS B o0 i s 48 2451 o sk Ak &
P e (LDso) s I AR A FIkg R TEE R AR X IR25) . DU 2 PR AR Y
FLC PrEIBBCMH . AR T 22 A 5 WG R DG R 22 B B e S AR A, DL K AR G R ]
W4l A Bk AR R, LIBRE DSARALTT (55) (PIT) H1 FLC fHRIBSEE MR . Be)5. 384
it FHAERIAG % FLC (it 52 T8 R B 018 10 A I DR o i 52 DR ER /N B, AL R e M A R 1
PINREE PIT Al FLC BA i FH AR P 2575

iR ATRIA 200 MEEY (< 100pM) W LUf FLC (4 pg/mL) HA R EEE,
I RV R BEE I — AR 30 MEA TR T 12.5 pM BV EE T4 FLC (4 pg/ml)
A BB VR P A R B EA . FRATTE— 2580 30 AMEEWh iy 12 4> (<< 3.125 pM) 1] L
3 3 ) AR R R A FLC B RN (< 4 pg/mD ., TEiX24bEY)rh, PIT Af LU FLC 741k
£ 0.78 pM BT HAREIEN . £ FLC AR #eLsm ., JAWhE T 8 MLE™ (5 uM), Bl
T B 2T X B2 RE 1, LAV BR DU R R AR 1) FLC i 32 P, EAR &, PIT ol L)
it FLC X3 PUANI bk 8 B A BAVE R . PIT 9 LDy {0 103. 6 mg/kg, 2k &9 &%
F . AEAMITIAEAY), PIT —BIACH il i H HMG—CoA Wk & ETIRE, Rl sk
ZEIE R HMG 224 2 58 R Be s PIT o fuskik . 17 ELAMEZS N 100 (M 22 £y £ i v
HGIH PIT A1 FLC AP RIECBEAE AT . (H i T 22 £ 55 B0 S U5 75 AN BE 56 4 HIK 1 3 Fh o [R] BUE AR
. W] FLC A1 PIT (9 P [RBOEAE AT eI AP AE HAB AL . 2 — D98 & 8L FLC 5 PIT ¥ &
il 234000 i IR FEAR I T BE . aged 4h/age3 #7BR W] 3G i FLC F0 PIT B 09 BUS M. 1A
IAFSE I PIT g 154 FLC TiA2 3488 FLC JAI7 B T A2 T bk S | R T30 G0t L R
I R T A2 PR RS SR A SO s I R e i 32 TR R 5 R I A BRI B A v, PIT 5 FLC B
A Rl 25 0 3 AN/ N BV A BB A7 o, IR R /N ZE A7

g5 AR, PIT kbl 22 M 5 B0 & i S0 s R R i D) Re, 5 FLC A
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FUF R EEEAE R, T RS R, 8 PIT o] LIAE h—Fh G BiE e, fff FLC BA &
EEER . 455 FLC B7Rk, LLAYT sz FLC B9 5 EL# 5 | 12 280 B Ry,
Feia . PUARMTT (35 (PIT); #UEME (FLO); FUEMEMIAZM:; hIRBOE; HARKE

PLR P 25 FE
EEIERRIE T % GR/GILZ kit oR# 1 B Fis =P 80
5 Ik 2 e 75 3 AT K8 JiE 2 e [ F
1635, JHle-
RN A 2 PR E R SR A 8 Y 563000

HE: 3 F GR/GILZ % 4 8] 75 & 3% BR Cartesunate, AS) 3 ¥E i Fi % &
(glucocorticoids, GCs) A/ NEAEE E W40 S (mouse peritoneal macrophages, PMs) Bk
A AE AL PR 09 3 HLT . SO BIESE AS B AT . $H9E AS BT F i 280 FEAil

Jrid: SRHWREE 100 ng/mL BYBSERIL JEAN Je (prednisoloe acetate, PA) FANEE/N FUIE K E
WAL 0.5 h, FHINAJEZHE (lipopolysaccharide, LPS) (100 ng/mlL) &bz 7 0% i R &5
FHEREAR AR (GC BERE4NM) . 45T AS 4B J5 >Rk FH B 5K 52 7% W2 B 7% (enzyme linked
immunosorbent assay, ELISA). SEB}7¢6E &= PCR (quantitative real—time PCR) i iy 48 iE
AP T TNF —o, IL—6, IL—1p, HFLRAMEH 7 IL—10 KKK, HEEBREELE (Western
Blotting, WB). #JE7¢5% (Immunofluorescence, IF) FARK M GR/GILZ il - 8 7 i £
ZAK (glucocorticoid receptor, GR) . MRS ARPEEEH (glucocorticoid— induced
leucine zipper protein, GILZ) [ I RIXFZFE MG, IFxF GILZ M EAE & NF—«B p65,
AP—1 VUK T 5 5@ i MAPK, PISK/AKT 5 441 FKSE#EA TR

50 AS AL E 4R GC Egdipl b AT S AE L TNF —o., IL—6, IL—13 &KiX,
XFHCAR AL TL— 10 AYRINTCWI W5 . ok, AS BB GC ERg il GR RZHer . B
UL GILZ 1yim ik #m NF—«B p65 {iifk. AP—1 & /K- F- LU & MAPK {55 &2
JNK. p38 i A#ER ik, PISK/AKT {5 5&4 PISK, AKT wyH Bk

251 . AS ALIE A0 GR/GILZ fh3g s ot e i 2% 30 il i) 1 05 200 B 8 30 17 48 ik 400 B R
AIBETT
OCHER] . MR TR s Sl T E IR M BRI e E b s
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4i4% D2k (VDR) £ LPS it EWMME FM ST
MR EEWERETHRIERNTAR

T Y BERF R oA L 2 PR N S S B L 563000

ot WREEIE (Sepsis) JiPRIB L slak e K 2 1M S 300 i 3 O 26 V8 e 5 | e 1) e B A= ) 4
THRERERRLEAAE, FEAEANMEE FRUEER B (cytokine storm) FIHZERI I EE (immunosuppression)
PR o G I R 25 D) R B M LA 15 9 i 200 e PR~ R 5 1) B S sl 20> L AL AR 4 8 40 e 1) T i
TIREREAR . THBRANPAATRE SRR, T S e 00 2 e A R 3 5 IAAE T iy 2R, Rt X Jie
BEAE 5 T RO e 0 B3R T A T A BF s E o6 B, IR L2 B/ # £ (lipopolysaccharide/
endotoxin, LPS) i 52 4 M7 2 |z I A TR 400 e B A S 410 iR 25 ) 4 R BSE 7Y, 8 AL
TN LPS RN Ay g sy, @ik, v s,

HEY: AR 2 A MR et & NA [ B R0 B B AR i s B, W] DUR IR 2 IR L k. A
PR ZH BT ARG R0, (L B ERMIS (MBCD) Wi, LPS T3z i UR e, 2
MR ] BB AR 4EAE 2 D 524K (membrane VDR, mVDR), [HIt, A28 EZUARA/D S I
ELWRZHMIEE 2 A7 7E mVDR LK mVDR (531G 00, BB B8R (artesunate, AS) Xf LPS
i 52 EL WA VDR 4345 BSE0 Sk 1 W v BRI % LPS TR 52 RS IR IR B8 it

Tk THBREMATEE /NS E A, ST LPS M 2 A8 (5 m s R O6 3L 3R £ ik
BiWlgE VDR 540 M i 2o 67 ; WB 3kl ELISA w46 I 48 M iR 28 11 $2 3y ) VDR 25 K
5 Pt VDR UiRBAWT VDR 7 45, W% VDR v i B 1 J5 XF AS i3855 LPS Tif 52 (5% i s 44 4
VDR (B A= Ik (H397 K H305) R 278k (H397D K H305A) . #8%% AS #il VDR 45 & K 1
RGN AL LPS 32/ BUAY, g AS X4 S BRI B ok ey 19 LPS 1 32 /8 U A 3
YER . LhJe AS X LPS fif 32 /N ZH 40 VDR 7K (5200

i TH/NEERSME LPS it 52 M8 i VDR 5 AR 109 76 40 i B8 T A7 7E 2L
ELISA & WB (455 R 4 8 (1 i 427 VDR, H LPS it 240 fy VDR KB EF 5 4t
VDR HiK T 54 AS i35 LPS fif 52 09/E R ; VDR BEFA: K S50 AS FEFHIOMS 2% . i 2848 78 ik
MIAEE; AS BE BT LPS T2 40889 mVDR /K5 7ERPT . AS B85 B30 w40
LPS M52/ NRA AR SEORINTE AL e (0 0 2 0 20 B DR AT BRI A TR i 2 i, b
AS R T LPS i 32/ RIGZH 4 %) VDR K,

g5 /NBUE IS B ELR A A7 #F mVDR,  n] 3 2t /INES B PO ) i A8 34 A% N AL 31 41 i 3
., AS i 5 mVDR 454, /0 mVDR #9946, MRS VDR (cVDR) /K, #F
AL B A% VDR (nVDR) i/l AT 585 40 X A Bl i, 308 LPS T 32 IR

Sehin] . BRAEAE R DK LPSTiSZ; HE8ENs: IEIR: /INEEA
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TNE — o A5 20 B B A 38 05 VR FH LA SO B W 4 7 e VB FH sz i . R P 3 i 2 5% F MIRSA
LPS K@ e /MR . RERER T PR IR MR TT . WS 24 ) %F 3 1993 B8 25 1) 5% i
Foxt IL—6, TNF—o SEAMMEHF I ER . 5380 BEEme e e i wAE . ok
PRI A IMRS . RN sh 400 R B LPS B i 81/ B/ NR NS R e, F 4R B
B e LWL BEIZ 245 eI R LPS 3509 IL—6., TNF—o 22 R PEA0M 709 This . R 24t
PO R AR A OCH 7 2 (NRF—2) /IZLZE ARG 1 (HO—1) @k Rikmsgm, RN
50 W45 R A 2 75 RS o L W A ML ) e M ORI VE . 4521 58— ar ik . 28RS
SEEE R R R Z M MRSA . LPS K PVL 25475 5 0 40 M 5 hE 52 0 HA S0 HIFE T, REREAR IL—
6. TNF—o S REAMLN F R . 28l se 45 50 Bon R 2SR REFRAIR MRSA, LPS K i
JERR TS BT RRFE R, T ARRARI A4 TL—6. TNF — o 548 R PE40 MR 7k B, EoA 4
FEGRY R . 55 8B BRI e S e 1 VE FH BB 9T . 45 58 B/ RGN &= LPS i3/ 2
FIMAE . B A G SR SN, i R m fide ol LA /N B 7 1 TNF — o, IL—6 S5 5 P 4N
FRLPRF- R R, B JRAE SN o o B 5 SR S8 s o s B0 2 T /0 BRI Jry 3 4 R 4 B AR i, L
ARIERTE . RIS s BRE s B 1 5 T AL ST AR B 3R 7 NREF —2/HO— 1 3l % 46
Ko ARHMAT 10 7R A BRI T L I B X VD 1) B B A WA P E R P S 4 i I 4 X
WIPT TR EER, AR T EW R E VM AR . 4590 RISl @ F ok R o R
ARIERAER, aT LA LPS, MRSA S5i75 5 (18 Ys K RAE N, 1458 E W5k 48 0T B P9 1 1)
ATHVER s R Mo A 2R T
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Anti—non—small cell lung cancer effects of OSU—2S through modulation
of the SPHK1/AKT signaling pathway: bioinformatic approach and

validation in vitro and in vivo experiments

Mengyuan Han', Wenting Zhou'*
"Department of Pharmacology, Xinjiang Medical University, Urumgqi 830011, Xinjiang, China

Purpose: Non—small cell lung cancer (NSCLC) accounts for approximately 85% of lung
cancers, with high morbidity and mortality, and patients are prone to recurrence and tumour
metastasis. According to the 2022 NSCLC treatment guidelines published online by the National
Comprehensive Cancer Network, targeted therapy against EGFR remains as an important
treatment initiative. Despite the considerable improvements achieved with targeted therapies,
most patients inevitably develop acquired resistance with prolonged dosing, which greatly
increases the difficulty of treating NSCLC and leads to treatment failure. Therefore, it remains
crucial to clarify the mechanisms underlying the development of NSCLC and to find new effective
therapeutic approaches. The immunosuppressive compound FTY720 can exert anti—cancer effects
by inhibiting SPHK1, and OSU—2S is a new compound designed and synthesized on the basis of
the immunosuppressive compound FTY720 without immunosuppressive activity. Previous studies
have confirmed that OSU—2S has the ability to inhibit tumour cell proliferation and that the ROS
—PKC§—caspase— 3 signalling pathway underlies the OSU—2S—mediated antitumour effects in
hepatocellular carcinoma cells. However, the pharmacological effects of OSU—2S on non— small
cell lung cancer and the mechanism of action have not been reported. In this study, we
investigated the pharmacological effects and mechanisms of action as well as the safety of OSU—
2S against non—small cell lung cancer.

Methods: The effects of OSU—2S on the proliferation ability of different NSCLC cell lines
A549, H1299, H1975 and HCCS827in wvitro were examined using CCKS8 assay and colony
formation assay; the changes in migration of NSCLC cells A549 and H1975 were examined using
scratch assay; AutoDockTools —1. 5. 7 software was used to investigate the effects of OSU—2S on the
proliferation of SPHK1 molecular docking with OSU—2S and FTY720. OSU—2S and non— small cell
lung cancer related target proteins were collected using PharmMapper, SwisstargetPrediction,
Disgenet, GeneCards, OMIM, TTD databases. OSU — 2S and non — small cell lung cancer

related target proteins were used as network nodes to construct a " drug — disease — target"
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network by Cytoscape software, and drug — disease common targets were obtained by Venn
online processing, protein interactions were performed based on String database, GO enrichment
and KEGG enrichment were performed based on Microbiology online tools. Based on molecular
docking and network pharmacology results showing OSU — 2S may exert anticancer effects
through the SPHK1/AKT signaling pathway; The in vivo toxicity of OSU—2S was examined
using an up—and—down acute toxicity assay. A549 xenograft nude mice assay.

Results: The results of CCKS8 experiment showed that 4 X 10 %mol/L. OSU — 2S inhibited
A549, H1299, H1975 and HCC827 by 66.40% (P<C0.01), 32.11% (P<C0.01), 20.16% (P
<C0.05) and 29.53% (P<C0.01), respectively. 1 X10° mol /L. FTY —720 inhibited A549 cells
by 69.24% (P <C 0.01) . The colony formation assay revealed that 1. 6 X107% mol/L and 2. 5X
107° mol/L. OSU — 2S significantly inhibited colony formation in A549 and HI1975 cell
lines. Scratching experiments revealed that 2. 5>X 107" mol/L, 5X1077 mol/L, 1.0X10"® mol/
L, 1.6 X107° mol/L and 2.5 X 107 mol/L. OSU — 2S significantly inhibited cell migration in
A549 and H1975 cell lines in a concentration—dependent manner. The molecular docking results
showed that the lowest binding energy of OSU—2S to SPHKI1 was — 7. 74 kcal/mol and the
lowest binding energy of FTY720 to SPHK1 was —4. 84 kcal/mol; the binding of OSU—2S to
SPHK1 was higher than that of FTY720. The pathway enrichment bubble map suggested that the
possible pathways of action of OSU—2S against NSCLC were cancer pathway, MAPK signaling
pathway and proteoglycan and PI3K/AKT signaling pathway in cancer; the up — and — down
acute toxicity assay showed that the IDs,0of OSU—2S was 4351 mg/kg measured by gavage, with
95% confidence interval of 3700—5000 mg/kg.

Conclusion; OSU—2S has significant inhibitory effects on non—small cell lung cancer cell
lines; Based on molecular docking and network pharmacology results showing OSU — 2S may
exert anticancer effects through the SPHK1/AKT signaling pathway; and OSU—2S has low oral
toxicity. It provides a reasonable basis for the development of OSU—2S as a small molecule for

the treatment of non—small cell lung cancer.
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ok 2 1) 240 M B 5 R AE T
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FEFURAZ R LI IR AR NR3C2 i R X 45 w5 . (RZBR5m ;s [RIE3#E17 70+ 2 10 R
., FIH] western blot % NR3C2 1 K3k 5 EMT FHCHE A EE,

50 X 239 BIFCATFEA ST RNA I B4 L, gRT —PCR, western blot il
£ NR3C2 7EMgg 20 41 (1 R IR S AEAR T 55 20 41, 383 43 A7 L 5 11 PR B AR & B, NR3C2
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TR 5 I (R ZE SR TE S, NR3C2 i 23K 5 e 40 i) 10 7% S5 12 22 68 108 s 1E0r T2
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45t NR3C2 7E45 i Rk . JFREE M L RS R 2 T i & BRI, 4 63K NR3C2
W U855 IR AL ) B SR 28, il EMT,

R NR3C2; 5 H s EMT
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—30 MFAIE RS DAPT QA SCsG A5 RN, B LG NA—16 /EFIVEREERS I, DAPT 4 (0,20 [ %4
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Isoliquiritigenin inhibits the growth of colorectal cancer cells

through the ESR2/PI3K/AKT signaling pathway

Luo Fenglin"?, Wu Yiying'?"
'"Department of Pharmacology, School of Pharmacy, Chengdu Medical College, Chengdu,
Sichuan, China, 610500
“Department of Pharmacy, Study on the Structure — Specific Small Molecule Drug in Sichuan
Province College Key Laboratory, Chengdu Medical College, Chengdu, Sichuan, China, 610500

Colorectal cancer (CRC) is one of the most common malignant tumors in humans, ranking
the third in incidence and the second in mortality in the world, second only to lung
cancer. Although the diagnostic and therapeutic techniques of CRC have made great progress in
recent years, the prognosis is still not optimistic. Therefore, it is very necessary to find effective
and low toxicity new drugs against CRC. Isoliquiritigenin (2', 4, 4—trihydroxychalcone, ISL),
a flavonoid phytoestrogen, has shown strong antitumor activities in various malignant tumors
such as breast cancer, ovarian cancer, CRC and gastric cance. However, the mechanism of its
action against CRC has not been clarified. In this study, we mainly investigated the potential
molecular mechanism of ISL in the inhibition of CRC through network pharmacological prediction
and experimental validation. Firstly, the targets of ISL and CRC were collected from TCMSP and
DisGeNET databases to obtain the cross targets. The protein interaction network was constructed
using STRING 11.0 platform, and core targets were screened according to the degree
value. Then, GO function and KEGG pathway enrichment analysis were conducted using DAVID
database. We also analyzed the effect of ISL on viability and apoptosis of human CRC HCT116

and SW480 cells via MTT assay and flow cytometry assay; The protein expressions of estrogen
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receptor B (ERB) and PI3K/Akt signaling pathway were determined by Western blot analysis and
immunofluorescence. Meanwhile, flow cytometry was used to detect the effects of ISL on ROS
accumulation in CRC cells. In addition, the anti—CRC tumor effect of ISL in vivo was observed
in a mouse model of subcutaneous tumor transplantation. The results of network prediction
indicated that ESR1, ESR2, PIK3CG, GSK3B, PTGS2 and FOS might be the potential targets
of ISL against CRC. In addition, KEGG and GO enrichment analyses revealed that the estrogen
signaling pathway and the phosphatidylinositol—3—kinase (PI3K) /AKT signaling pathway may
play a key role in the mechanism of ISL against CRC. And the strong binding ability of ISL to
ESR2, PIK3CG, GSK3B and PTGS2 was verified by molecular docking. As expected, The
results of cell experiments showed that ISL induced apoptosis of SW480 and HCT116 cells in a
concentration—dependent manner, and blocked cells in G2 phase. In addition, compared to the
controled group, ISL significantly down— regulated the protein expression of PIK3CG, AKT, p—
AKT, p— GSK3B, CDKI1, NF — kB, Becl — 2, and up — regulated ESR2 and Bax protein
expression; meanwhile, ISL also decreased the ratio of P—AKT/AKT and P—GSK33/GSK38,
but unchanged the expression of total GSK3B (all showed statistical difference) . Furthermore,
ISL significantly suppressed the xenograft tumor growth. In conclusion, our results indicate that
ISL shows inhibitory effects on CRC cells and induces the apoptosis, which might be ralated to
up—regulating ERB, and inhibiting the PI3K/Akt signal pathway.

Key words: Colorectal cancer; Isoliquiritigenin; Network pharmacology; ESR2; PI3SK—
AKT pathway
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JE SR e — PP B AT B IR MR 22 RGP INRT Y 8000 . A i s AR TR 1Y
BT TE R, FERE A BRI RARARNE, THESION RS, T

i
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ARJG P ALAFEI AN 15 A H o B s H R SO 167 I — 2 254, (LT 251 Y
FEAE LR AN ARG o DRI, PR T i R 1 BORR T 2538 AE JHBE . XU T RO
— R NERSEIUEAL S Y . A OETEUE S AR A Fh SRR b s R A RO AR . AT
B EIR TR 5 R AR R P A U AR R RCHAILER . O 1 B UL 8 3R A A R o3
Bl AR T A 1. R T SRR i A AR U . FLRR S A L
B2 SO IR DS S A RS AR Y 45 2 AR I T B . WS S5 SRR, WU & 2 W& Ml 17 5 [ Jvd 4 i
AR [T X B A F i 245 40 S A R T A i A AR A VR A . A E E R A4
N TR SRR TR A AL BRI A T 2 S Sh AR R D REE AL . b, XUEH
D AR T I R AN E B R M Z AR « (ERRo) AYFIE, IZFEHENE H HE RiGIT IR
T A SCHAE ] . SCUIR R, OUSUT 8 2% I 5 e 0 2y 245 T IR T 988 40 ML ) 344 410 i 7™ A2
WA PR . FEAR SR . DU 3T WA R T DU TR S R AR AR A /N B Y A
frifral 23 LRIk, FATRIBTFEERFR W], BR300 98 59 15 5 4 i AU 30T ERRe
IR RO LRL PRI TSR AR AN i e R A K e
KEE] . WATHR, LT, BEBEMCZR o R, Bsamiin 2y,

25 BB M S L T R & B LI 2R

T, AT
T BRI 22 HAl 25 PR ACE R E A S I 2 e (0 R G 25 B R B G AR & 92 40 %, 563000

HE): HEEREE A IMEFEEY (petroleum ether extract of Eclipta, PEE) X ¥ # ik ik
(Cyclophosphamides, CYP) S 04kyr i % (chemotherapy —induced alopecia, CIA) AJHY
VER LML, k. #BHC 7 AW A C57BL/6 /N BB B J5 K /N BRUBE L 2 o 4 41 X a4
(Control) . ¥F#ifisd (CYP). CYPHIG5H= PEE 4 (CYP+L—PEE). CYP+ &5|& PEE
44 (CYP+H—PEE), #4412 B/Mii., MEES 2 RESH 26 X, CYP+L—PEE, CYP+H—
PEE 243 5] 5 38 i 3k A [l e B PEE, Control 41 CYP ZHGHKIE R EN Y. WEFSE 9 K
Control ZH/NERESH A BRER K, HA /N BUIE I Bk 3 1A T A FRER K CYP (120mg/kg) T
A A KN B A B SR s, WD BT R Mk IR E AR IE AT VP40 Bl S i
FTHZUEIEE s A SR S HORK B REAL cleaved caspase 3, —9 (KiK., western blot
RIS 5 2 Bk R T M BT TR AR . 25 MER CYP 41, PEE 4325415 BB L AL
K, 212 Fal bl CYP Ml /R BRI A K IFE RSB A, 5 Control AHLL, CYP 4
NRERERTIHAIR IR BRI FI 2, BRNBIEFRA RGBSR, SMIE, AAREL
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SO BERNA; JHTIRUY T cleaved caspase 3 7E CYP ZHrh Rk % . 47 PEE J5 B .05

A NIRRT RAEE 1 cleaved caspase 9 B AELAHF] ; F5HBEZREh P53, Fas AR IKTE

CYP ¥y, 457 PEE J5, WE#A T TR, JH1-8 1 Bax, caspase 8, caspase3, cleaved

caspase 3, cleaved caspase 9 £ CYP ZHRIATHE, 4525/5 PR, HUiHT A Bl —2 RKiltaHi 5

TEMAMZ . 4518 CYPESMY CIA i@ihiE P53/ Fas {55l - S8 N EEFAMEME T -1 % A

PEE g8 A 200 P53/ Fas (55, MMifRAP BRI G205, SZAmfil bk k£,
St . AP IEB &, TS, P53, Fas, S2EEEATHMBEHRIRY

A B A S IEIE/E R LSD1/HDACT SEN & 30 415 i 4k sp i phg 5 M 3

Eof. HOAE, BEEHt, kg
FRIN A2 Tk PR 27 e 0] KR 450001

H . LSD1 fil HDACL #2 FRWist A% (9 S ZEAE Rl . LSD1 J&— ik 5 1 i 2 s H ik
g, 25 ZWEY AR, AR AE. k. EK M T HDACL J& HDAC %
G — GO R E AR M ThRE, i AR, RIER . AL ERR S — L AR
S A SANBFIRRES R . Kk, LSD1 A HADCL 5 4nie ik K. T4 At
FHOC, AR AE LSDL F1 HADCL /N3350 f AT IR R 45 R 5Ll | BT 280A P51
JRER, A AR T — RG0S R B A5 A i B RLEAG G R /E Y LSD1/HDACT BUSE 25 41
I, DAAS 3] BA S 0s e LSDL Al HDACT SCHE S 4MAIVER . SR =F A M4 2 (A
B MGC—803, A4 KYSE—450, A4 HCT—116), i MTT Hfa
B H AT A AN R i P . P Ak B W 2456 X B A0 MGC — 803 18470 Mg % M dwe £
I PR g R G AFTERSTRAE ] B4 CDS+T 40MI 9335, T 4% 3 e g Tk

Jridi: R MTT ok, 20 s P RS B A LA ST g i 1, R B Lo B A A
DA A R g v 1, 8 10 0T A B e o A 0 4 B SR 0 . PR TR OG B . DA KRB ) 2456
XFF PD—L1 (35 7= A i 52 )

Zi0L. MTT tayk, 4iff e P sl st KA K i & 45 3 Won b &9 2456 Be i 2 R IK 5 8
YL MGC—803 BYFATE 2, JF HAFIE B H W B2 IS T 2 F ;s DAPT Y e sSiun 25 50 R0, B
EAY) 2456 VERIVBESE I, DAPT L 8 41 080 Wi /b SRS RBEE (LG 2456 1 IR
BEA s R 0 G BN I S B R I Ak B 2456 fefE 5 MGC—803 AHYA T, JFH% 21 it & I RH ity
F G2/M ;s FFHALEY) 2456 fetgfR b in CD8+T ey ik, #EI R A fIrEH .

. LE TR, LA 2456 HA AT MGC—803 4R T, BH A 40 M B /e A, il
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W RIS S L B, HAEH S LSD1 Al HDACT () SUE i i A7 56, I 2 AL G4 2456 Xf
LSD1 #1 HDACT # il ) [=] i AT S gz s s A . AR5 2456 B 03 25 01 e IR 53R 97
T SR PMEHTFEM IS PSS Hr

KA. 1LSD1; HDACL; fpesimfffls SCLAL; HrMR s,

FDI—6 22 FOXM1/miR—342—3p/DNMT1 &l 45 B7 =557

FEM, el
HERBE A BE 252 BE . | PaAbk 541199

B HF FOXMI #i58) FDI—6 #ilahpiaiif n) BAADLE . vk 1 Wi RS i
BFWAL, HARRPL (HE) JgFirpi iz %, ek, Western blot DL SEa ¢
SesE R PCR (RT—gPCR) #:ll FOXM1, miR—342—3p, DNMT1, MAT2A, N-— cadherin,
E—cadherin il MMP9 (92 H } mRNA F£ik; P4 SPSS #7015 2. RS MC38
/NG W g AN A B 25 s P A A, 2y 14k 5 RT —qPCR A2l 4 FDI—6 X b ikt
RS mRNA AW 3. A5 HCT116, SW480 Al HT29 =Fh A 45 iz ¥ 41 il .
MTT G FDI—6 Fl DNMT il 5] 5 — &4 —2— B A (65— Aza—CdR) XJ4HAETE J1 1)
SN, AU T LR BE R 3R 5 WL X A0 BT RS fig ) S A DGR R Gk g . 255 1. 1
R N — cadherin, MMP9 &5 % ik, E — cadherin % 3 35 #4 [7] Bf, FOXM1, DNMT1 Fi
MAT2A e85 T i 2283w T o5 A4, i miR—342—3p MIZE S5 I gl 40h 2 B F IR
ik; miR—342—3p 5 FOXM1 f1 DNMTI1 #y 37 UTR BFELELSSSTEA; 2. 167N B4 W o JF i
B, FOXM1, DNMT1, MAT2A il MMP9 ik W2 4. FDI—6 Al 40l /IN B2 i g I
¥, FEFF 8 FOXML, DNMTI1 fl MMP9 £ i #ik; 3. FOXML #0417 5% siRNA F
FOXM1, DNMT1, MAT2A. N—cadherin, MMP9, F & miR—342—3p. E—cadherin i3
ik, HINEISE AR MRS s miR— 342 — 3p #0415 F % miR—342—3p, E— cadherin fJ3Rik,
i FOXM1, DNMT1, MAT2A, N—cadherin, MMP9 % ik; miR—342—3p #L4) 14
miR— 342 — 3p, E — cadherin [ F ik, F i FOXM1, DNMTI1, MAT2A, N — cadherin,
MMP9 (#3ik; DNMT1 il s siRNA 45 F i DNMT1, MAT2A S py3eik, H 5l
AERERE T s RNA TR ARSI MAT2A Rk FEIRHA ] T MMP9 ik, 458 KN,
SMIRIUESE . FDI—6 28 FOXMI/miR—342—3p/DNMT1 Ml &5 i e ¥ 4% .

KA. k& (FOX) M1; miR—342—3p; DNA HILE#E (DNMT) 1; HHE R
HERHE (MAT) 2A; 25t
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NSCLC # TIMELESS Kt e & @ T 1E AR
TR, W
et R R R 2E P 2 A R bt 100191

T E 0 AR AR FE P R BB ge 1 /NI (Non— small cell lung cancer,
NSCLO) A ST A w2 —, BRikIT . ¥ m 259 e ia Y7 &4 T NSCLC 3%
MNAYT . Hh R P AR TRIME . B ERIEN/N, GRS 0 3 i i AR AP R 5 ARG T
ML . RAS eI RA T4 B RS BXF T8 PD— L1 KB R B @ EHELIRYT 1
Syl PD—L1 BE X RREIRI T IR . BT, SRR s 401 098 35 ML i A 4 B
DR AR T S e R 2 A 5T IO VR I AL 3 980 L A5 o0 T 4R v G g A A 54D i 5
YT CH S, AT Timeless (TIMD AR BRI H T UL IAE NSCLC B35 h 8
Foik, FAIATHEE S AYEEF LI, TIM n e R 401, 5 e 40 iR i &2 6 A
K. P Timeless £ NSCLC [l S 2 A 5 b 0 42 VE . (EAS i — IR AT . AR BFSEIR
3¢ T NSCLC H TIMELESS {4 i G2 V8 15 V5 F S AL

FESGEER. MHAIEIEE, & TIM 78 NSCLC B Mg 4 m £k, [t TIM
FIkKF-5 NSCLC (835 (10 S LE AR AN TOhs A= A7 0 1 35 AR OC . i — 20 R HTIG R NSCLC £
HE s, Wit RT—qPCR Rl & SUARER T 55 141, Mg 4121 TIM mRNA /K- 5
% B, B NSCLC by 4 & bk TIM 5347 RNA—seq 43471, 455 &M TIM mibi )5 3
IR 2 RN F R AR R RS, AR PUE N TR R RMACRIERE M GO N . e
I B ARG ML K S 2 A AR T KEGG (5 5@ 4850 Hrddrn TIM 45 3 285 /U 0y B
F Sty (WERG . REMLBIE M ARAEMAR S 43¢, @il TIMER 2. 0 848
BB, TERRRE SEE D TIM 5 PD—L1 ¥ 2 B IEMHX (p<<0.05), fEMiRES TIM 5
LAG3, PD—1 2B FEFAME (p<<0.01), A549 4 R4 TIM J5, Western blot 5 qRT —
PCR Al % Bl ek 4t s PD—L1, FGL—1 f1 LAG3 & (1 £ A ¥R, mRNA KFHF i,
1M AS49 4Lt ik TIM J5 DL b ek e S50 F3RBACF b I . @3 ChEAS Bdli . 43
Mk TIM 5 A 2] 1 22 5 SE R SR Rl 9 5 S I8 7, R B0 a2 0T 45 2 (9 7 sk R 7 JUN il g5 TIM
SEOVETEAY B W 755 5%, W% NSCLC 41 & A549 b TIM J5. Western blot ¥l % Bi
SPHKI1 /K83 T, id%ikE SPHKI & A FiE. mifx TIM J5, A549 40 IL6 mRNA
KO- TR, ELISA SERAGI 240 M35 57 5 b TL—6 43 W35 T M. fBR NSCLC 4 /& A549
o TIM JEA & 80, & STAT3 AR MBER M KF W3 T, o Rk eKr BiF.

4. TIM BB JUN 254, 7Ef% K FIE75 SPHKI Rk, SR iF IL—6/STAT3
SO, PEMIEAY PD—L1 5 FGL1 K, KR EEMIE e84 i1

KA1 . NSCLC; Timeless; GErir i ;
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Developing a novel anticancer ferric complex to overcome hypoxia—induced
resistance in chemotherapy: Based on human serum albumin (HSA) nanoparticles

which can generate oxygen in situ

Juzheng Zhang, Jian Chen *
Guangxi Key Laboratory of Tumor Immunology and Microenvironmental Regulation, Guangxi
Health Commission Key Laboratory of Tumor Immunology and Receptor — Targeted Drug Basic
Research, Guilin Medical University, Huan Cheng North 2nd Road 109, Guilin, 541004,
PR China

Abstract

How to improve the O, content in cancer cells still a key challenge for cancer treatment. "/ To
achieve the remarkable therapeutic efficacy of ferric (Fe) complex based on ROS mechanism to
solid tumors. One therapeutic Fe schiff base complex (Fel) was synthesized and encapsulated in
human serum albumin (HSA) nanoparticles which can generate oxygen (O,) in situ of cancer
cells. The HAS—Fel — O, nanoparticle (HSA —Fel — O, NPs) delivery system was effectively
overcome hypoxia— induced resistance in chemotherapy, and effectively alleviated the hypoxic
condition of tumor tissue, which showed remarkable therapeutic efficacy by generating excessive
ROS and inducing cancer cell apoptosis. The inhibition rate (TIR) after last treatment was 80. 3
+ 4. 3% for the HSA—Fel—0, NPs group. Tumor suppression results indicate that HSA—Fel
— O, NPs have stronger anticancer activity than Fel alone. In addition, HSA—Fel—0, NPs not
only enhanced the targeting ability of the Fel complex to tumor, but also decreased its side
effects in vivo.

Keywords: Ferric complex; anticancer; albumin nanoparticles; generate oxygen

R REIEERME L HDACL MFIFIHIZ T & B R AN E TR

KAEEE, Xy, 208, SR
FBM K2 25 5E B TR #B M 450001
Hi*): HDAC S5 M@t (THE) MyE T JUEEREPE 128 HDAC il 5 A H il
Jibe A KRN TRl S e A A S B R . 35T HDAC S5 A9 25 M RRAE . AR BT S
BT — R 5 H R A AR IR B2 128 HDAC #5008 —Fp AR R CNB A MGC
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—803, AJREAIAL A549, NSS4 HCT —116), $EJH MTT H 68 %k kA 140 b g 0
i eI i — 2L IR IR A & R R T S A sg . Forh b S 2766 X N B R4 MGC—
803 [AHL e Tih M e A

Ik SETE AR B BE HDAC 57 Chidamide 3575 FDA $#tyfE s FH Ty, 5
F HDAC WS SRS FRIE , SRR A cap #6703 FRBR F Bod b &l 7 —
FRYVHHIAE R s 1258 HDAC #Pil5a] . JEARSE MTT Hoyk . 200 5o B 8 Al S 50 45 A6 i 44
AU TS, B T G B A T A B R T ARG . O 25 AR Y B R R
RERETRAE

S50 MTT Lok R i e B I% i 52 9 A K th 4R 45 5 /R fb &) 2766 Be b 2 B AIK 15 6
i MGC—803 BYAFIE %, I HAFIE e BEH M BE R W] &8 R R DAPT e o Sega 25 R W], bl
EAY 2766 VRV EERGIN . DAPT Jy 8 40 MU0 Wrs /b, AL SE A& L5 2766 1E kB
BEA s B T g BN I S B A I Ak B 2766 fefE TS S MGC—803 AR T, J4% 21 it J 1 BH e
F G2—M .,

E . LR LTIR, A 2766 HAA RS MGC—803 AuMayd T, BHME A0 RIH Ve . Bk
BA RAF BB 6 v . Ak G W) B A A ] e A R R ] 4 0 % 4 A A 5 B T I A
AT R AR AR YE 5 B8 R

KRR . AP s HDAC Ml ; MGC—803 4l ; i

SGK3 j@id JH#E ZMIZ2 {2 ER* SLARERHEIEA01E A RALHIRT 52
N N
TRBER KB R . T, 400016
PRI R T 505, R, 400016

B ] i iE AUz i R T 3 (Serum— and glucocorticoid — inducible kinases,
SGK3) 45 ER+ZLIE ISR VE ] RALHIOFIE . 7k RT3 (3 M N ER -+ 2L IR
M S A SGK3 BRI, JFHATAELE /T 818061 KA s Ik SGK3, R H]
MTT 5 20 g v B 5 3 A I SGK3 X ER + U i 40 ML 76 0 S5 34 58 02 5 LA3d %3k SGK3 1y
MCF—7 4l & W50 58, Sk H] Label Free 25 B4 %% 34k SGK3 By T & SR oRT—
PCR 5 Western blotting %} SGK3 iy Tl il A7 5k, 4551 st A 45 1 W SGK3 7k
ER+FL I 23235, 0 Kaplan— Meier A /£ T3 B, 253235 SCGK3 1y # A
fERTE] (OS) WELR (p<<0.05); MTT S5 R W n. ik SGK3 )& 4 i i Fnf
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B fe I SRR, T RaA SGKS Ji5 4HMiE Jy FBGFERE Sy W I (p<<0.05); Label Free Z
FEAH % R 106 MR TE SGK3 o F23k 508 i, Hirh ZMIZ2 |- W 3 H 2 A %5 i ] {5 B
(p<<0.05); MTT S0 s peZs R, Mk ZMIZ2 J5 4 i ) Fdgse ae g B Ak, mid &
ik ZMIZ2 J& 4R Ma T S s e S W B IS (p<<0.05)5 qRT—PCR Fil Western blotting %% J4iF
ik SGK3 J5 ZMIZ2 B3R K F i AL, il %3k SGK3 /] W3 Fh iy ZMIZ2 1Kk K
(p<<0.05), 45 SGK3 g% et ER +FLARE M CHEN 7. SGK3 ilad Ji s ZMIZ2, M
S8 ER + 3SR KA, XU R IR ER +FLBE AL T AN B 67 A
KA. SGK3; ZMIZ2; ER-ZLIE; 40 HaRo s ;

BREEREMMMBEERRNGFRLR

S, ST, B
G S I 2R ST RO O T S B 2 ML R T A S0 5, R PH, 712082
PR R 2 P AR 2 KB TARBIGEL . . 712082

JEAE O BRI N SRR I B 2 R 2, SRR IR 245 v (8 0 g % P 40 I R 9 L i og
PEHIOLN A S e A B g 254 . B A8 3 09 A= A7 I TR] 02 E BT BT g it 5% 19 3 B4 T 55
Z—. BREERMY A ZMIEER S, R NG MY A AP s . 2B YTE R
FEH T RIRRIE . PR IRGYEPG IR T o T AF >fe DR Je 9L L 470 e 98 47 FH G 52 38078 ok B 22 11
Kk, BEERmYFE A, HIRBRY) ., B2, w2, 2826 S H A — 28 855 0 b i
YEMEHEERT , Z RGP i g 2 e . Ho, SR =l 2 WS i Wt s e )iz . 34,
ADWESEHRIE T EREGE BT I PLA L5 4000 bR A R A GE L BEL T 20 S B A
FAUAT . IR R 2R RS . R T 250 . P S 2o 7R R F Sl % A0 Bax, Bel—2,
Caspase 9. RNPC1, e—cadherin, NF—«B i . STATA3 il . PI3K/Akt i #4, A5
PR SR A Y BT VR SR B T 2k s LU Ay 4k e 322 2 UV FH ) 00 9 A e 98 245 40 1)
RS H R R

OCHEIA . BREE; WM PUMEAERT P WFoTiERE
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ZS LA E R R B Rt R

BRrE . Rl B
TR 25T th RGBS B 2T LRI A 50 0%, P, 712082
* PSHE R K2 T L2 R U A TSP, JaB S 712082

TE LB B 25— BRI B oY () AT 55 . 2y i A&k, FiREE. EHZ, &
PR R EZA NI, HE &SR, s 2. SWAREIMEER. |
A Gy W, FERIVE R /NSRRI AT SR 24 B e (O A 58 R AN I B, SR B T LI & i e
FRHZIME KW . RO JUAER G BB 205 /R 9. 4P B U, k48, HiRHE &, Mk
FHAPIEIER, MM KHEESS A E 7. FREZ. BAERE. a8 KHEEWH
PSR ATL A R s AL e A R R A L BRI A RS L A SR T I A R B
R RIS . SRR e DI REAE . W R 0 S R 5 3@ 8% 4n P53, CyclinD1, Bax,
Caspase—3, VEGF, MMP—9, NF—«B il j%. ERK/p—ERK i %, EGFR/Jak2/STATS i@
PEAE. JuAh BN PRI SY K B 24 52 5 il 700 LA B AR A IR VA T 8OR . AR W SRR I AR
2R TR IR A3 T R A FRIRILIR A B9k 24 52 7 97 P9V FE RN DR FH 04 7 5T 40 A 4
DL A 2 A6 0 R 7 T A 9 LA B PR L g 245 W i e B 3R (i 5 2%

OGS 2N BUME s VEHT: BUERD DRoTaER

At

New sesquiterpenoids from the Picrasma chinensis with neuroprotective effects

Xianzhe Fan, *! Jiaqi Song,* ! Xinyan Dai,' Xinyi Shi,'Jinfang Zhou,' Ting Liu,'

Ying Wang,? Xiangqian Kong,® Lijun Zhang * ', Haibing Liao
'State Key Laboratory for Chemistry and Molecular Engineering of Medicinal Resources ,
Collaborative Innovation Center for Guangxi Ethnic Medicine, School of Chemistry and
Pharmaceutical Sciences, Guangxi Normal University, Guilin 541004, China
“Department of Pharmacology, School of Medicine, Southern University of Science and
Technology, Shenzhen, Guangdong, 518055, China
3GuangZhou Institutes of Biomedicine and Health, Chinese Academy of Science, Guangzhou

510530, China

Three undescribed sesquiterpenes, designed as pichinenoid A—C (1—3), along with nine
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known ones (4 —12) were isolated from the stems and leaves of Picrasma chinensis. The new
isolates including their absolute configurations were elucidated based on extensive spectroscopic
methods, single crystal X — ray diffraction, and electronic circular dichroism (ECD)
experiments, as well as comparison with literature data. Structurally, compounds 1 and 2 are
descending sesquiterpenes, while pichinenoid C (3) is a rare sesquiterpene bearing a 2 —
methylenebut— 3 — enoic acid moiety at the C— 6 side chain. All the isolated compounds were
tested for their neuroprotective effects against the H, O, induced damage on human neuroblastoma
SH — SY5Y cells, and most of them showed moderate neuroprotective activity. Especially,
compounds 1, 3—5, 7 showed a potent neuroprotective effect at 25 or 50 4% M. Moreover, the
neuroprotective effects of compounds 1 and 4 were tested on a 1 —methyl—4—phenyl—1, 2, 3,
6—tetrahydropyridine (MPTP) —induced Parkinson’ s disease (PD) mouse model. Results of
western blot and immunofluorescence indicated that compound 4 significantly counteract the
toxicity of MPTP, and reversed the expression of tyrosine hydroxylase (TH) in substantia nigra
(SN) and striatum (ST) of the mouse brain. Interestingly, western blot data suggested
compound 4 also enhanced B— cell lymphoma—2 (Bcl—2) and heme oxygenase 1 (HO—1)
expressions in the brain tissues from MPTP damaged mouse.

KEYWORDS: Simaroubaceae, Picrasma chinensis, sesquiterpene, neuroprotective effect,

trolox, striatum.

Lithium chloride synthesizes dexamethasome toinhibits myeloma cell surival

by suppresses MafA and ¢—Maf transcriptional activity

Zubin Zhang', Michael F. Moran®, Xinliang Mao'**
! Department of Pharmacology, College of Pharmaceutical Sciences, Soochow University,
Suzhou, Jiangsu, 215123, China
? The Department of Molecular Genetics, The University of Toronto, Toronto, ON, M5G
0A4, Canada.
3Guangdong Provincial Key Laboratory of Protein Modification and Degradation, State Key
Laboratory of Respiratory Diseases, School of Basic Medical Sciences, Guangzhou Medical

University, Guangzhou, Guangdong, 511436, China.

Multiple myeloma (MM) is an incurable plasma cell malignacy characterized by several
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chromosomal translocations associated with the heavy chain gene of immunoglobin (IgH), of
which t (65 14), t (8; 14) and t (14; 16) lead to the overexpression of MafB, MafA and c—
Maf, three close members of the Maf transcription factor family. The Maf family proteins are
recognized as one of the most important factors of poor prognosis in patients with MM. The
function and abundance of Maf proteins are controlled by multiple post transciptional
modifications, including ubiquitination. The ubiquitination process is regulated by three classes
of sequential enzymes, including ubiquitin — activating enzymes (E1), ubiquitin — conjugating
enzymes (E2), and ubiquitin ligases (E3) . Our study identifies that the ubiquitin ligase HERC4
is downregulated in MM and it mediates c—Maf for K48 —linked polyubiquition and subsequent
degradation. In contrast, HERC4 increases MafA stability. Given c—Maf and MafA share a high
similarity in amino acid composition and belong to the same Maf protein family, we wonder the
underlying mechanism HERC4 stabilize MafA protein. In the present study we find that HERC4
interacts with MafA and mediates its K63—linked polyubiquitination at K33. Moreover, HERC4
inhibits MafA phosphorylation and its transcriptional activity triggered by glycogen synthase
kinase 3 B(GSK3 B) . K33R prevents HERC4 f{rom inhibiting MafA phosphorylation. Further
analyses reveal that MafA can also activate the STAT3 signaling but it is suppressed by
HERCA. Lastly, we demonstrate lithium chloride, a GSK3 Binhibitor, can upregulate HERC4
and synergizes dexamethasone, a typical anti—MM drug, in inhibiting MM cell proliferation and
xenograft growth in nude mice. These findings thus highlight a novel regulation of MafA
oncogenic activity in MM and provide the rationale by targeting HERC4/GSK3 B/MafA for the

treatment of MM.
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AEHCH AL S AT PR 22 7

YP100 U #efibds (Fehn), G ZAFEMBIT. S0k, 4 THIFHIERNAER . 293, HLAESCIG A T2, Wbt
B T = KA 0

—. SEbR: HREARIE ARSI AR AR T — ok, SRR K R RSN T 1% R 2, R R )
RS mv SN BERERG S, ATHEIR, FIIMESTIRARAE A ] LUH

TR HeRERS IV H-50~300mmHg, AEE N T 0.5%, A T HIEAET 264y, HehE B e Ve i T B Ak
i e 28 9L 2 AT IA 2000mmHg BA L, SXFERUBE LE T 2 A DB 4E SR AR3E B ) e e a2

= R BRI P IR MG, A e )R S AU B BE AT VR, W HEVEAN Y, S 3G R AR AR B
W, AT REGRXAEOL R A, BATRU TR, 1L aeas S AR T, G ST e R s, TS v
fiedt. COER AR RERs, BRI, IR G TR R, £5), WOCRE, BIOPAC [¥RAER
YP200 By peRs, (HEhs)

JZ100 M5k Jy4pe sy CRARIMLAT D AR Tk )M E 2.

B2 0-1g. 0-2g. 0-3g. 0-5g. 0-10g, %irth: 20~30mv/6vig ZM¥s: 1=,

JZ100 ALK A Hehbds (s bn) AT BIEHFRIN e T LU E, i, el LS. RENRERKRE, (R
30g/100mv. Z&H 50g/50mv), A TATH %4, HBEas M NARGE R T R EE

XH200 24K BTG i 00 243

ZAES BN, RTEBE 16 HOKRARE, mTHM. &Rl EOMRERSGREMA.
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