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Abstract: Arenaviruses are enveloped RNA viruses. The genus mammarenavirus contains nine members
that are known to be human pathogens, and eight of them cause human hemorrhagic fever. Lassa hemorrhagic
fever, caused by Lassa virus (LASV) infection, is the most prevalent arenavirus hemorrhagic fever with potential
to cause mgjor epidemics. LASV belongs to category A agents, and biosafety level-4 (BSL-4) facility is
required for live virus experiments.  Currently there are few specific treatments available for arenavirus diseases.
Here, we established efficient cell-based pseudovirus infection models using an HIV-1 core (pNL4-3.Luc.R E)
packed with arenavirus glycoproteins.  Nine recombinant arenaviruses (arenavirus-GP/HIV-luc) were generated,
and 17 cell lines were tested for susceptibilities to these viruses. These pseudovirus infection models were
further validated by known arenavirus entry inhibitors. The models are safe and specific to pseudovirus
infection, which are readily used for pharmacodynamic evaluation of arenavirus entry inhibitors in BSL-2
laboratory. The modelswill facilitate screening of the anti-arenavirus drugs and vaccines.
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Figure 1 Phylogeny of mammarenavirus based on amino
acid sequences of glycoprotein complex. The phylogenetic tree
was constructed by neighbor-joining method with 1 000 bootstrap
replications using MEGA 7.0 software; the bootstrap values are
indicated at the nodes, and the scale bar indicates substitutions
per site. Asteroids (*) denote lethal hemorrhagic fever viruses
and lymphocytic choriomeningitis virus (LCMV).  Virus strains
and their Genebank accession numbers are: Allpahuayo virus
(CLHP-2472, YP_001649221.1); Amapari virus (BeAn 70563,
YP_001649208.1); Bear Canyon virus (AV A0070039,
AAX99345.1); CHPV (810419, YP_001816782.1); Cupixi virus
(BeAn 119303, YP_001649222.1); Flexal virus (BeAn 293022,
YP_001936019.1); Gairo virus (TZ-27421, YP_009116790.1);
GTOV (S-56764, AAT72103.1); Ippy virus (Dak An B 188 d,
YP_516230.1); JUNV (XJ13, ACO52428.1); LASV (Josiah,
NP_694870.1); Latino virus (MARU 10924, YP_001936021.1);
LCMV (Arm53b, AAX49341.1); LUJV (ACR56359.1); Lunavirus
(LSK-1, YP_004933730.1); Lunk virus (NKS-1, YP_006858706.1);
MACV-GP (Carvalo, NP_899212.1); Mariental virus (N27
MRMi.n9, YP_009141003.1); Merino Walk virus (Merino Walk,
Y P_009019200.1); Maobala virus (ACAR 3080 MRC5 P2, YP_
516226.1); Mopeia virus (AN20410, YP_170709.1); Okahandja
virus (N73 OkhMi.n4, YP_009141005.1); Oliveros virus (3229-1,
YP_001649210.1); Parana virus (12056, YP_001936017.17;
Pichinde virus (AN3739, Y P_138543.1); Pirital virus (VAV-488,
YP_025080.1); SABV (SPH114202, YP_089665.1); Solwezi
virus (13ZR68, BAU22152.1); Tacaribe virus (NP_694849.1);
Tamiami virus (CDC W-10777, YP_001911115.1); Wenzhou virus
(RN-242, YP_009113206.1); WWAV (9310141, AAN09950.1)
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AY572554.1, 1 440 bp; JUNV-XJ13 GP, Genbank
FJ805378.1, 1458 bp; SABV-SPH114202 GP, Genbank
NC_006317.1, 1467 bp; WWAV-9310141 GP, Genbank
AF485264.1, 1 443 bp; CHPV-810419 GP, Genbank

NC_010562.1, 1455 bp) &% 07tk g Z+tdbmt X
RN AE P AR A R A RS %, BT R R R v B
£ pCMV3 #ifk; #5707 78t R MR & 22 K HIV-1 5T
ki (pPNL4-3.Luc.RE) MEE NIH 345,

YR AMEAR'E b4 HEK293T. A fHE 4
il HepG2. A Jifi iy b fe 41 A549. A Jili sz S s
4 e NCI-H1650 A2 BEAH MO 4 il SH-SYS5Y . A
i # Ik b & 40 0 Eahy926. A2k T ik B 40 i 1 1
TR Jurkat. A ZHZ340 B itk TR 4 e U937, RN 2k
15 40 i VeroE6. AUFIIEA: B 41 il BHK-21. H [
G ROVENI CHO. /)N R BAAZ W6 41 g 1 1t 95 40 B
RAW264.7. /NG A 44 i MEF. /) bR 45 4 40
21 L 4ifbk 929 wRE L929. /A T 4E 4 i
NIH3T3. A /N7 HIC Fl g ffiZi i Th 1 Lu I
B E K S 4e g VR 3L = °F & (China Infrastructure
of Cell Line Resource), Frf 4 i f4 {E idi B 453k A7 85
FrRAEAR

WA R E BRI S H Promega A F;
jetPRIME®™#; 4476 [ Polyplus transfection 2\ ];
RPl HIV-1 p24 Z sifEdifk & HIV-1 p24 ELISA iX
FEE E AL 5 SGHAR I ARG R AR, NS
Histag H e BEdifk. /NERPU p-actin BLsw PP, BE
AR T L 2P0 B 1gG A BRAR B bR ic 1l 2F 41
19G M H AL A2 S B AR A B A Y5y
TR H NEB AH]; K%+t (efavirenz) IHH
Sigma-Aldrich A #]; ST-193 tJ |1 MCE A #]; tL&¥)
F3406-2010 Jz b & M08 (desipramine) W H L i
RANRHCHRAA .

BEFRSHENHFEEE LR 24 h F
HEK293T 4L 4x10° 4 4 Fh T 10 om K510
i, % jetPRIME®™ Y i 551 3 B ks HIV-lue 10
ikl (PNL4-3.Luc.R E) 7375 &KL 7 GP Jiiki
BRI HE VSV-G IRt gy gL )s 48 h (1 ik
Wb & EAR R, W LI5S 0.45 pm P E,
315 9 FhE H Vb kiR (LASV-GP/HIV-luc, LCMV-
GP/HIV-luc. LUJIV-GP/HIV-luc. MACV-GP/HIV-luc.
GTOV-GP/HIV-luc. JUNV-GP/HIV-luc. SABV-GP/HIV-

luc. WWAV-GP/HIV-luc. CHPV-GP/HIV-luc) 1 VSV-
G/HIV-luc, Frikf3 M E A #H HIV-1 p24 ELISA
WA & E .

LASV-GP B #4424 h, ¥ HEK293T
AL 4x10° 40 AR T 10 om BRI, f% IR
JetPRIME®#% 4L 3 751 15 B3 154 HIV-luc %0 KL
V SV-G 5k AR S 0 & 6xHis AR () LASV-GP Ji ki
oy e e 22 293T A, 445 48 h, % Lig, Wik
WeER At H, 2LAEANAR, B4 & AR T R R
ALK . SR B % B VEAT I HEK 293T 4 il
I LASV-GP KL (—¥Pi: RPt Histag 5§ FE A,
TP BAREEAR L PR 19G) .

EARSBLMEM KR gL A AL 2x10°
Y ECEEFIAE 48 FLAR Y, 468215 9% 24 h )5, INANE
HIRTEM, L 48 hJE, #% BiE, R, Hw
s 2 A DA 7 50 U0 52 41 A SR A R ) R G Ol
g5 (relative luciferase units, RLUS), B[ 2 & 4
FREE .

FRMEZ54I36IE ¥ HEK293T 4 futisF L 2x10°
ANEFPAE A8 FLIR R, FE4k 285 3% 24 ho YL HT 10 min
B PAPEZG (ST-193. F3406-2010. HiE iHAH . K%
) INEGH, PASE DMSO 1E RN IR, FmA
% (BFFL 0.2 ng HIV-1 p24). 48 h G, 32 i,
ZLRRAN ML, W E 2 R 2R R R 0 RE R 5 O R
LA DM SO ¥ #I4L RLUS 84 100%, 502 £L 11 &

WE Z7EF %M Z' = 1-{(30c+30c ) |ucs 1]
A UOAT T, HorP e R o 43 128 A ok HE 4L
(EP DM SO #% 7)2H) RLUS P ¥ FIFRAE 22 5 s 1 ocs
Oy R R P ZG 0 4L (R 100 nmol-L ™ ST-193 4H)
RLUs P38 Fbr it 22

BRI RSt A%E  H GraphPad Prism # 4
SNSRI A, DAUR B — K S A B O AR R
GBI KL FHK R HCE BOKREE (ECso)o

ER
1 F|LEPLDHRE LASV-GP/HIV-luc BEERIp M
LASV-GP/HIV-luc /& Fl LASV E 1 ¥ 5 11 GP £
EHIV O EHRR . LASV-GP 25 & it
Te LA e — e, DA = SRR s R T
K. LASV-GP ¥ LIBEE (AT AR &Y (glyco-
protein precursor complex, GPC) J& i & ik, sRJE
1 2E A B SKI1-1/S1P (subtilisin kexin isozyme-1/site-1



+ 738 - #j 2% 2#4)  Acta Pharmaceutica Sinica 2018, 53 (5): 735742

protease) BI YA GP1 F1 GP2 Wk, 2 4NV JE PR G
Wrigkegz, Hrp GPL S Btk JF 45 & 1 R4k 1H 52
&, GP2 1) 3= BE T e =& A 50 75 15 1 32 0 T 4 JE 1 i
AR AT FARIN T R IL I 6xHis A2 ) LASV-
GP JfURL/E HAZ A 3Rk, 4R B8 GPC (4T i
i 75 kD) 1 GP2 (4T & 37 kD) IE#iRIE (K
2A). Bt LASV-GP 5 HIV .0 ikt gy, WERSH
LASV-GP/HIV-luc J55 B FIURL 138 I8 G 40 i, /%
G R IL RO RME. 45 R 2R, # LASV-Josiah GP/
HIV-luc &4t 48 h J& ) HEK 293T 4 g Hh A X 9% 6 &
BEEPE (RLUs) 1A% 1x107, {5 SE I HIV-luc %%
FIxfiEZl 10000 fi5 (K 2B), HEHmEE-(E5ME
AEKHR R (B 20).
2 NME|LDKIHFS arenavirus-GP/HIV-luc #&=E!
RIHiE

KA FEE X ATA 8 FREUA H L # v R  25 F0
BN 3 B L A P I £ AT ik % A i 6 o5 7
(lymphocytic choriomeningitis virus, LCMV), % T
9 FhE R, HAIHHF I REE 3 fl: LCMV,
LASV fl LUV; it Sy ki 2 6 F: MACV .GTOV.
JUNV. SABV. WWAV F CHPV. FJ# a4
YRR E Y HEK293T 4, 453 s, IRty
K% 5 LASV FI LCMV [EKSLS S8 & T X IR 4
(HIV-luc) 10000 i, 1HtH 54995 LUIV F it 5t 25
MACV. GTOV. JUNV. SABV. WWAV [#&§Lf=
SE T X2 1000 £, Hri A EE CHPV (55 1E
TR AL 100 %5 (K 3). Agh TR AT R 2 ) F 4
VORI B TG HEK293T ZHi i, 3o [ H S b ks

A Cell lysate B s

1 2 3 4
175kD-

0 kD-
e — — LASV-GPC (~75 kD)

46 kD-

1g(RLUs)

- [ ASV-GP2 (-35kD)
30 kD-

CHPV-GP/HIV-luc
WWAV-GP/HIV-luc
SABV-GP/HIV-lue
JUNV-GP/HIV-luc
GTOV-GP/HIV-luc-
MACV-GPHIV-luc-
LUJV-GP/HIV-lue
LASV-GP/HIV-luc
LCMV-GP/HIV-luc
HIV vector alone

Cell alone

lz(RLUs)

Figure3 Infectivities of arenavirus pseudovirions on HEK293T
cells. HEK293T cells were infected with arenavirus-GP/
HIV-luc (12.5 ng HIV-1 p24/well). Cells were lysed and tested
for luciferase activity 48 h post-infection
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Figure 2 Establishment of LASV-GP/HIV-luc pseudovirions. A: Identification of LASV-GP expression. Lane 1. Blank, cell lysates
of HEK293T cells alone; Lane 2, 3: Mock, cell lysates of HEK293T transfected with HIV-luc or VSV-G plasmid; Lane 4: Cell lysates
of HEK293T transfected with LASV-GP-His plasmid. The plasmid, HIV-luc, VSV-G or LASV-GP-His, was transfected to HEK293T
cells individually, 48 h post-transfection, cell lysates were collected and detected by Western blot. LASV-GP was detected by mouse

anti-His monoclonal antibody, and the cellular S-actin expression was detected by mouse anti- f-actin monoclonal antibody. Bands
indicate LASV-GPC (~75 kDa), LASV-GP2 (~37 kDa) and g-actin (43 kDa). B: Infectivity of LASV-GP/HIV-luc pseudovirions against
HEK293T cells. The virions (15 ng p24/well) were incubated with HEK293T cells for 48 h, then the infected cells were lysed and

tested for luciferase activity. C: The dose-signal curve of LASV-GP/HIV-luc infection. HEK293T cells were infected by indicated

amount of LASV-GP/HIV-luc for 48 h, then the infected cells were lysed and tested for luciferase activity
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Figure4 A heat map of arenavirus-GP/HIV-luc infectivity on 17 cell lines. Cells were infected with arenavirus-GP/HIV-luc, and cells

were lysed and tested for luciferase activity 48 h post-infection
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Figure 5 LASV-GP/HIV-luc pseudovirus infection model can
be used for LASV entry inhibitors screening. Effect of ST-193
(A) or efavirenz (B) on LASV-GP/HIV-luc and VSV-G/HIV-luc
infection. Compounds were added to 293T cells at indicated
concentrations 10 min prior to infection. Cells were lysed 48 h
post-infection, and the luciferase activity was measured. DMSO
was used as a solution control and its infectivity was defined as
100%. C: Z’ values calculated from the RLUs of ST-193 (100
nmol-L™) and DMSO on LASV-GP/HIV-luc infection. Data
represents the Z’ values from 25 independent experiments
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Figure 6 The arenavirus-GP/HIV-luc infection models were
confirmed by tool compounds. A: Effect of ST-193 on six
NW arenavirus-GP/HIV-luc infections. B: Effect of compound
F3406-2010 on LCMV-GP/HIV-luc infection. C: Effect of
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added to 293T cells at indicated concentrations 10 min prior to
infection. Cells were lysed 48 h post-infection, and the uciferase
activity was measured. DMSO was used as a solution control
and its infectivity was defined as 100%
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