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Effects and mechanism of 3,5,6,7,4"-pentamethoxyflavone for
blocking arenavirus entry

TANG Ke, ZHANG Xiao-yu, CHEN Qing, GUO Ying"

(Beijing Key Laboratory of New Drug Mechanisms and Pharmacological Evaluation Study, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: Arenaviruses are enveloped RNA viruses, and eight members in this family are known to cause
human hemorrhagic fever. Treatments for the viral hemorrhagic fever (VHF) by arenaviruses are very limited.
We have identified the first flavone, tangeretin, with broad-spectrum inhibitory activities on VHF-arenaviruses
infection by blocking viral entry. In this study, we evaluated thirty-four tangeretin analogues and found 3,5,6,7,4'-
pentamethoxyflavone as a Lassa virus entry inhibitor, with EC,, of 5.2 umol - L™, by blocking the viral fusion pro-
cess. The compound 3,5,6,7,4'-pentamethoxyflavone is effective on all known VHF-arenaviruses, with EC., range
of 0.84-10.2 umol - L™%. These results suggest that 3,5,6,7,4'-pentamethoxyflavone is able to serve as a start point
for discovery of arenavirus entry inhibitors from flavone natural products.
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R5e T, I T R AR R B A SR A A ik
TTEE R LN, 315 344 i AU

BB T 2R E Y (LK EE Y 10 pmol - L)

Tanegretin, a flavone, used as the lead compound

i Searching for tangeretin denivatives

34 flavones

l Test the effect of compounds on cell viability
31 flavones are non-cytotoxic (cell viability > 90%)
i LASV-GP/HIV-luc infectivity < 50%
2 flavones inhibit LASV-GP/HIV-luc infection

l VSV-G/HIV-luc infectivity = 50%

O

3,5,6,7.4" -Pentamethoxyflavone specifically blocks LASV entry

Figure 1 Identification of 3,5,6,7,4'-pentamethoxyflavone as a
Lassa virus (LASV) entry inhibitor
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TIREEN G HIV-1 (08 5 i e sod 12, 5l
GV EENS T PO REEIENE . NRAF LASV R 5
PEIE NI 70, A 50 R Y RAZK I 11158 48 0 53 4h 52
PEER (A HIV O M E AR (VSV-G/HIV-luc) {E
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wan WHO

20 4
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Low pH treatment

Before

During

Before and during

I 55 A) X AE 32 2 AR VRN IR, (BAS 25 R AR F kN
AR il o FEO; MR T 237 C R, MR
ST 1 B e i R ST 0T, AT 38 i A B v 7 S
A FE RN Z AR &9, FE5 S B FE PE 2
WIEL A, %% 3,5,6,7,4'- . 48036 B I (0 1 FH 3R 1S
AHE FE A Hr b s 3 2 N0 ) 7] ST-193 A 2 R
1% %5 2 AL (bafilomycin AL) 1 M FHPEXT . ST-193 &
Fr Vb 9% B A AR, RT B B AE H T BV B GP2
J7 51, K5 SSP-GP2 =% [a] #4 %, I il 95 &5 1 ik & ik
FRUS) LBy B R AL T AR v B ATP B (V-
ATPase) & M, S0 H 1) I, 01 P9 AR A4 AT BEL 7
pH < F 8 fi5E il A o FEUOY, 2 SR EOR, NI AE RV
BEW PR FE N 24 R B S N 24538 2 AR N2y, ST-193 3%
A2 25 PR AR LASV-GP/HIV e (B 2A); T 305 55
& AL ] 4] LASV-GP/HIV-luc W Fff & J& 4L, 1 XF
LASV-GP/HIV-luc Wi Fft it #2 To st (B 2A). 5 B 3%
3R AL, 78277 T8 R B A2 N 3,5,6,7,4'- 11 FH 4R

O DMSO

B 3.5,6,7.4 -Pentamethoxyflavone 10 pmol-L*
%l I Bafilomycin Al 3 nmol-L"*
Bl 5T-193 0.1 pmol -L!

Post-attachment

[ |

*Ew
xe
I I e

Attachment and
post-attachment
3,5,6,74"-
Pentamethoxyflavone S§T-193 Bafilomycin Al
10 pmol-L-! 0.1 pmol Lt 0.1 pmol-L-!

o

Figure 2 The compound 3,5,6,7,4'-pentamethoxyflavone blocks LASV GP-mediated fusion. A: Time-of-addition assay. The averages were

from triplicate wells, and the error bars represented the standard deviation. The experiments were repeated once, and similar results were
obtained. "™"P<0.001 vs DMSO group. B: The compound 3,5,6,7,4'- pentamethoxyflavone inhibits low-pH triggered LASV-GP-mediated
cell-cell fusion. Syncytium was formed by low pH treatment of cells co-expressing LASV-GP and enhanced green fluorescent protein

(EGFP). The panels correspond to representative fields observed. The experiment was repeated twice, and the same results were obtained
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FTLASV-GP. 4 T iy 35 7% W (1) H M BE I, 28 Jf 3% 1
LASV-GP 1 R 442, GP2 i /K P il & ik % i, 5t 44
iR YN S e S e SN I B B U R R4 Gk =S BTl
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S - R E & (K 2B); 52k, BB E R
ALK 41 A A v H R B R LASV-GP /i 3 F 41 B -4
P ok F2E 0 E s (B 2B); M E Ak FE H N
3,5,6,7,4'- T A KL B I, W] {25 #0f1] LASV-GP /3
{14 24 L — &4 L 5 TR 5%, (HLAE BRAG T N 245 o 3k, ik &5
RIIR, 3,5,6,7,4'- 1 F A JE B A & LASV fil & i) 771
{EAEF ML 5 ST-193 A B2 30 4% B 3 AL ASHI[H], AP
3,5,6,7,4"- T A I B W 41 ] LASV fib &, HA il i
FEE SSP-TM 25 1) 40 il B A PRI ML ) R #E AF FH o
3 EEIAERAZT356,74-AHREERWEE L
it MR RR SR

b KL 9% 5 Bl (Arenaviridae) — & L 5 40 Fh R
BERA, R G B 10 b 2 43 A7 AU B LG 22 0D
IH {H: %0 ki 9% 7% (old world arenavirus, OWA) A3 i
FLYb kL B (new world arenavirus, NWA). 1H it 7 b

WL 5 RV B T 200 B, LA BCHT R b R
() B B0 B~ (/K BT 2 2095 28 R A B 99 25 L B 7
T4 % 5 LU 9 25 A0 A I R 0 B 55 8 B B AT BN
il

TERK I 3,5,6,7,4"- 11 H Ak 28 i B A HT LASV i 1
J&, AT T ZACE PN 5 AN T R ECH B kL
R EYUR R M. 45 R EOR, 3,5,6,7,4'- 1 R
S5 S T ) A 5 Hh A A LUIV-GP/HIV-luc. MACV-
GP/HIV-luc. WWAV-GP/HIV-luc. GTOV-GP/HIV-luc.
JUNV-GP/HIV-luc. SABV-GP/HIV-luc il CHPV-GP/
HIV-luc & 7 Ff = 2H 995 75 % 18 3 41 Mo (19 Jk 4, EC, 7
0.84~10.2 umol - L™t [a] (& 315K 2).

H il B AR PO R 357 502, (H 2B 24N
TR R A BEL TR S, A 2R L RS )
ST-294 1] BH W3 th i vb R 25 b A 1L F2, (B B2 b
B A5 | S VDR B 19 18k G 0 Sk 2 5 e 250, R I K e
FAA W) ST-193 42 ) RE VD Wi 5 2 @il BEL T 741, (E % 5
240975 T 1) SR L TG ARk Y, i T B T SEL BRI S 40 9 1 JK
G (B X EH T8 B L 5% LU 795 25 R0 2 A 7 0 B R TS
Renel, AW R LI 3,5,6,7,4'- 1o FF 4R Ik % i o 8 b it
I VDRI 5 1 3N FE A B, AT g v
BB EEEE, 5IATE ISP LA I B .

4 FEXERAFYINALOREN Y SHE X R
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Fili K 2R AN BEAT VEAN T AR 20 ) T 1% S0 R0 B 3
TWEHEPIIR . TER L, MR4E 34 NI E AL &1 S AL e &R
225, AR RS B e B B0 HE B AT T RIP
RO Z AT, 15 W T e

@ RAEHE T 3 & B (gardenin B) 545 B 3R (K145
72 5 AE P LB, HE D 35 R 2540 & 9 5 AL [19-OCH,

Table 2 Summary of the activities of 3,5,6,7,4'-pentamethoxyflavone against entry of eight viral hemorrhagic fever-arenaviruses. "ST-193

was not detected for LUJV-GP/HIV-luc infection. Instead, desipramine hydrochloride was used as a reference compound, which gave an

EC,, of 3.9 umol - L. Tl was calculated as Tl = CC,,/EC,,. EC,,: Half maximal effective concentration; CC.,: Half maximal cytotoxic

concentration; TI: Therapeutic index

3,5,6,7,4'-Pentamethoxyflavone ST-193
Pseudovirus EC,, 95% Confidence CC,, — EC,, 95% Confidence
Jumol - L™ intervals/umol - L* /umol - L Jumol - L intervals/umol - L

LASV-GP/HIV-luc 52 4.3-6.2 > 30 >57 0.004 4 0.002 3-0.008 3
LUJIV-GP/HIV-luc 10.2 9.0-11.4 > 30 >29 Not detected” -
MACV-GP/HIV-luc 4.2 3.2-55 > 30 >7.1 0.0015 0.001 3-0.001 6
WWAV-GP/HIV-luc 2.2 1.6-3.2 > 30 >13.6 0.0107 0.008 0-0.014 2
GTOV-GP/HIV-luc 0.84 0.76-0.93 > 30 >35.7 0.000 42 0.000 41-0.000 43
JUNV-GP/HIV-luc 2.8 1.9-4.2 > 30 >10.7 0.000 66 0.000 66-0.000 67
SABV-GP/HIV-luc 3.1 2.2-44 > 30 >0.6 0.009 2 0.005 7-0.014 9
CHPV-GP/HIV-luc 6.3 5.1-7.7 > 30 >4.7 0.029 0.017-0.050
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Figure 3 Activities of 3,5,6,7,4'-pentamethoxyflavone against entry of eight viral hemorrhagic fever-arenaviruses. U-87 MG cells were
treated with 3,5,6,7,4'-pentamethoxyflavone (0.3-30 pmol - L?, threefold dilutions) fifteen min prior arenavirus-GP/HIV-luc infection, and
the luciferase acitivity was measured 48 h post-infection. LUJV: Lujo virus; MACV: Machupo virus; WWAV: Whitewater Arroyo virus;
GTOV: Guanarito virus; JUNV: Junin virus; SABV: Sabia virus; CHPV: Chapare virus
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