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Abstract: The study is aimed to evaluate the anti-HIV-1 effect of chloroquine in combination with anti-
human immunodeficiency virus (HIV) drugs, and inhibition of plasmacytoid dendritic cells (pDC) activation and
type | interferon (IFN-I) production by Toll-like receptor 7 (TLR7) agonist stimulation. We investigated the
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anti-HIV-1ug, HIV-1¢vos activity of chloroguine and chloroquine combined with rategrivir (RAL), enfuvirtide
(T-20), indinavir (IDV) and efavirenz (EFV) in vitro by luciferase activity assay system and ELISA method for
p24 antigen. We measured the effect of chloroquine on the activation of pDC in combination with RAL and
IDV, respectively. Quantitative PCR was used to evaluate the activity of chlorogquine in combination with RAL
and IDV in the upregulation of interferon (IFN) -a and IFN-4.  Chloroguine showed |ess cytotoxicity to C8166,
TZM-bl and PBMC cells, and the 50% cytotoxic concentration values were 85.02 +0.28, 73.67 +5.10 and
91.84+4.10 pmol-L™", respectively. The anti-HIV-1yg activity of chloroquine combination with RAL, T-20,
IDV and EFV were moderate in synergy, strong in synergy, additive and moderate antagonism, respectively.
The anti-HIV-1xwe1s activity of chloroquine in combination with RAL, IDV were moderate synergy, minor
synergy. There was no significant difference between the chloroquine monotherapy and chloroquine combined

with RAL, IDV in the down-regulation of pDC activation and IFN-«, |FN-£4 expression levels. We have found
that chloroguine combined with different anti-HIV drugs represent different degrees of synergism, antagonism or

additive anti-HIV-1 effect.

Chloroquine in combination with RAL and IDV did not have influence on the

inhibitory effect of chloroquine on pDC activation and type | interferon secretion induced by TLR7 agonist.
The results suggest that chlorogquine may be used to enhance the therapeutic activities of anti-HIV medicines.
Key words: chloroquine; human immunodeficiency virus-1; combination therapy; plasmacytoid dendritic

cells activation

g, BN ERASPE % 9% BB 255 1E (acquired
immunodeficiency syndrome, AIDS), & H A S fu g B
FEE95 %  (human immunodeficiency virus, HIV) F)/E
el B E B S R, R R AL 2 PR g A
% R (7™ R Y, 30 2 4ESk, WRLR RS 4
BRYGHE N S AE, 23R R 3670 /1 HIV G
B 2017 4 4 R, FE R RS HIV &G /AIDS
## 916198 17, H PR EIET: 216727 B, ik
T 48 A 7 B T i R 1 K ) R

A P # SE% BT 7% (combined antiretroviral
therapy, cART) Bl 2 Fi b 28 25 W Bk & FH 259897
HIV/AIDS. cART I F A ROt MK 7 HIV/AIDS
MRRZEMBETZ, fdm T BENAEEREMNEK
T FFwe HHT 25 BE AR I P AE AN TSRS R B, HIV/
AIDS AR T seaih &, FHRABAT 251 KL
FIARF PP HIV 25905 T cART 3 2GR R L.
HUEEZ5E M (chloroquine, CQ) # K I EA —&
ML HIV &P, HPom sEpLHAS [F T 3 A B s
HIV 2541,

HIV-1 4 0% 8 1 gpa 20 3 A6 A7 5 AT ik 05 25
R, R s A O Gl i
A% gpl20 HEEALAL RUF A, AR TERE R e, B
R A S IR e g, DR R . AlvEis A
I HIV-1 385 Toll #5244 7 (Toll-like receptor 7,
TLR7) 3@ 5| E R IR TR0 (plasmacytoid
dendritic cells, pDC) &1k 2 T Y42 43 b b 1
VEF, AT s imik, JRgE AIDS Fw EfEe o,

AW AL S S &3 ST HIV 298G 24
2ERAT TV, R P RIE RS HIV B
B4 ) T B A% (rategrivir, RAL). 28 [ #4011 5751
Ei Al (indinavir, IDV) Bk& FH 26 2 75 52 H xt
TLR7 @ HdfEH, 54T RAEKEH L
HIV 3697 7 %

MR5R®E

K wEME IS [3,(4,5-dimethylthiazol-2-y1)-2,5-
diphenyl tetrazoliumbromide, MTT] . |+ ke EE i BR )
(sodium dodecyl sulfate, SDS). Triton X-100. #H &%
(penicillin). A& L% (glutamine). FREE 1B FRIR
SN, BREREN. SALHR. BEER AAN. BERRE M.
WERER A4, BERE . —H I (DMSO).
PHA-P. #i 1gG Fc $iifk. BRI A (HRP) 7
WFEPLR 19G LAk H Sigma 2 7] N,N- - FF 5= F it
2 (N,N-dimethyl formamine, DMF). =& ki, =
P oK CBEN E DY N PGB A TAHBRA R, & b5
¢ (resiquimod, R848) N KEXCHEMBE ARG RA
"7 BR4E LS (FBS). RPMI-1640. DMEM I F
Gibco A Fl; AN -2 (IL-2) NI FRFIEEDR
B WA 5y $1 HIV p24 B 58 B Hi AR F S bt
HIV-1 p24 £ wlEdiik A SLin = 64, xR 2
& (diethy pyrocarbonate, DEPC). TRIzol® reagent
(Ambion, Life Technologies) . PrimeScript™ RT reagent
Kit with gDNA Eraser £l SYBR"Premix Ex Tagq' "I (Ti
RNaseH Plus) Kit 19 F £4AE2) T8 (KiE) ARAH .
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M CQ. FZLKE (zidovudine, AZT) 9
Sigma/Adl; BIRFMK (enfuvirtide, T-20) > Roche 2
Al RAL I G R0 R B 25 BHE A PR A A

IDV I H GlaxoSmithKline A #]; fkiLkF € (efavirenz,

EFV) 4 H United States Pharmacopoeia A @ . CQ.
AZT I T-20 ¥#fg T oc A ardt s, 0.22 um JEfES
TR, 7355 E T-20 CIR17; RAL A1 IDV #fET
DMSO 1, 4 CHRAF o

WSTRE TZM-bl 4 HIV-1 KLtk HIV-1)
H % [E MRC AIDS Reagent Project Hi; C8166 4 fifl
k126 E E L BAw Tk, PBMC H fg R R L # 9K
5 MY B3RS . HIV-1 IR PR 20 B Hk HIV-1mos M
ZEE AIDS BH IR A 4 B B R B g g
& 10% FBS i) RPMI-1640 5841 95 3E, 37°C. 5%
CO, ¥ 3% .

SR C8166. TZM-bl. PBMC #Hpf 14 S218
W 4 LK P N BE 2 T 4x10° > C8166 4 fifd B . 2x10°
A TZM-bl 240 EW . 5x10° 4~ PHA-P JlJ 3% 4k 1
PBMC 4l i 3 100 ul 43 73] -5 £ b R 1 S e v W
100 pL 7£ 96 fLANMEE =R NIR A, B MRE R 34
AL, AR E AN S A Y Y LA R
I ks 7R 25 FIHRAL; 37 °CL 5% CO, K774
Rk, C8166 4Hffils 7% 72 h, TZM-bl 4 g% 7% 48 h,
PBMC #:5% 4 RIGHAANGEH IL-2 (ZHE 50
U-mL™") f) RPMI-1640 52 4= 4l ffg 3 77 5 100 pl 4k 4%
B8 3K, A MTT % 20 uL (PBMC il 30 pL),
37°C. 5% CO, & 4 h, FfL# 100 uL EiF, MMA
SDS-DMF ¥ #{ 100 pL, 37 ‘Cit# . ELx800 ELISA i
FRACI € OD {8, W€ PN 570 nm, Z% K 630
nm. TH573%] CCs i (50% cytotoxic concentration),
RV 509 (14 241 ff 7= A5 B PRI 1A A IR B

SUEBKESAAX HIV-1,; 2 ML C8166 ZH
RS EHAINFISEIE K& 1DV H0lkT 2
G LB FERRE, SIS 7T ANIREE, IDV 4L 6 NIRE .
AR FE 73 598 48.24 pmol -L ™. 58.24 nmol -L ™. 1%
2R FE I\ v B 43 A IRCEUAS [R5 R S 50 L,
SN 96 FLAMfRE IR 9-3 A, 2 2 FImA
RPM I-1640 3 fif 52 4 1% 32 5 50 ul . %K & & FMK 5
5 W HAS [R) R B2 1) 1DV 23 SN 96 FLAR 25 A~F 47,
% GATIMA RPMI-1640 H#rfif 58 4 5557 4% 50 pul. X
BN ZG W i B e HERT S 08 7R 3 1 S (R
10 pmol L™t AZT JyBH % iE .

W 40 R N Z T 4x10° 4> C8166 4S5
HIV-1,,,5 (MOI=0.04) £ 37 C F&4 2 h, il PBSE

OrPEE 3 IR JEHL 100 pL 2 i 2 Fh 3 45 5 100 b 259
i1 96 fLIR b, 37°C. 5% CO, ¥:9% 72 h, }3: FiE e
O U sE, FIZ&WRIE 0.5% Triton X-100 241 Ki%, K
R4 p24 Pl ELISA J7iEen il 259 % HIV-1,s &
HRAMEIE T, 5 p24 Fik i) g2,

SUEKERAX HIV-1,5 &£ TZM-bl HHAE+ TR
SEFIRINFISEIE  HEE. RAL. T-20 fl EFV 43
AT 2 IR FEIE FE MRS, SMESL 7 MK, RAL.
T-20 1 EFV 3t 6 MKIZ. #EIEKE S 51N 34.612
umol-L™*. 1.472 nmol-L™*. 13.928 nmol-L 1 0.724
nmol-L ™. 2 2454 M 15 B 40 SR B [ 94 B 11
S 50 uL, 4r AN 96 FLAH B IR 1) 9-3 4,
2 51\ DMEM i 15 77 55 50 pl o $%9 FE i 2RI
HUAS[E# ) RAL. T-20 8% EFV 435 in N 96 FLik
% A~F 17, %8 G 17 /II\ DMEM 3 fif % 973 50 pL .
T B 93 7 B X FRURD 2 e B, AZT D BH PR R

TZM-bl 4 4417 A 2 6 R B 5 5L, ik &
FEH % HIV-1 Tat sofFif4sE, KA HIV-1Tat SR H A7
FEMITS LT A RE A 2k . P HIV-1 9% 3 B e iz 40
M f5, Fik Tat HA, M _EHZOERBEE K RIE,
24K 7 308 o R % ' 2R 11 RO I L LA BT HIV-1 1)
SR 5 H180R . HH HIV-1,5 (MOl =0.04) KL
TZM-bl 4ifE (AUIRIKEE AT 2x10° 4Y), F 3t
PR B EA 2518 96 FLREFEMR |, 37°C. 5% CO, 1;
It 48 h J5 PBSHEVR 2%, BEFLINNH I /% 7 80 L,
4 °CESE 1 ho L5 F TR 5 40 B 2L R
PL1:1mEeire 96 FLER IR & )G, fEAThREIEL:
W K AL 2 T &R 4 b G AR 6 B O B
(RLU), THHE %GR EGRIEHNH] 2.

SUERL A XTGR9 Bk HIV-1kmos TE PBMC
FEHIRAIHISLIE B %, RAL. IDV 4 5T
2 IR B PR R, SMEIL 6 ANKIE, RAL. IDV 3k
5 AN, RIBWE S BN 27.4 pmol-L7t, 2.98
nmol-L 1. 36.36 nmol L. %2513k B M 1 R 4> 31
W AN [i) 94 5 (1) &0 50 L, 40 i) i N 96 FL4H B % 9%
W) 8-3 41, %5 2 51\ RPMI-1640 7 fif 58 4= 15 97
50 plo 4% BE i BRI IO [F1H BE I IDV 43 A
96 fLiR 5 A~E 1T, 5 F 4TI RPMI-1640 #fif 58
A3 dE 50 ubo W E R EEA IR S, AZT A
PoH 4 %o R

W4 PHA il 72 h ff1 PBMC, & IL-2 (1
1640 57 4 R 7% 5 H 2 A, o 40 M ik N B =
5x10° /4>, I HIV-1gmos (MOI = 0.06), 37 °C /R H:
4h 5, PBS B0k 3 U B FLI N il B 100 pL
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Z P H 100 pl AN AR FE S 1) 96 FLAR H . 37 °C L 5%
CO, #5745 7% 96 h J5, HALAMNIMEA IL-2 K4
REgRFE 100 ub, 4ksERi% 72h )5, WER R B,
Triton X-100 2 K i . K42 p24 )i ELISA J7
%, THE YR HIV-1kmows £ PBMC H B #1334 p24
NGO IE U

&R HIEN M Bliss independence #ll
Loewe additivity 4y H i 3= A% FH B9 99 M 2 M Bk & A
VPR ALY, PP 245 W0 A TAE F B 7 50 2 T X
R, A 70K A MacSynergy 11 F2 7 % Bk &
2y S 50 B AT A A, YR R 25 B G 2
(I EAER . MacSynergy 1l #2515 25T Bliss
Independence 15 % 5 SCH FE 0 25 4 BRI AT,
MacSynergy |1 F2 7 3 ik 5% 24 47 S b 1) 751 2ok o7 i 2
A 2R BEACEE, RIS EAER, AR
J& BB S0 BT A5 (9 770 B — 20 5 AR T HH s 25 B R
SF I, $RAF AR R AUSONIE R Xk, SR R N
SR 95% ] 5 X 0] FH T G ik % 0 vrAr
R R AP IA/KF IR, W9ARIER, SAF I b
LB R, PR IS NS SRR . Pl
FE U B h e 4 B AL IR E IR E < H A
[(nmol -L™Y)206], W&/ F /N2 ot B [R5 4% ) 4
G . MacSynergy |1 27 it 5 H AR 4LBE & H 24511
IEAE (P RFERT) st (FEH/E), AN
P EAE R RS, GBS AR FE U N, B E
VEH & SR 294 1F B = A2 1) B [ i 25~ 50
[(nmol -L1)206] o # JE£ iy [ AT £ Hip 170 355 2 43 ) 52 X
J97 4 50~ 100 [(nmol - L )?%] 11 >100 [(nmol - L 1)2%]
(b F) & . 29 AR AR F s O P IR B 2 -25~25
[(nmol-L ™% 2 [f], RFEFEP. PR RS PO i B s

Tablel The monoclonal antibodies used in this study

PoAE R W N R 2 W A & 4 A AE 25 ~ 50
[(nmol-L H%%] . —50 ~ -100 [(nmol-L Y)%%] LA K&
<—100 [(nmol -L 42069, #2435 526 I 5
PRI HdE (95%E A X 1), THEHEA H 2GR~ T $MH .

SUERLE AAX TLR7 FIEGHEL pDC B9S2
Y B N A= Tt 2x10° AN PBMC #:7 T 24 LR |,
WEXIEA ., TLR7 JI¥H5T R848 M4 . R848+5
% (110 pmol-L %) ¥4 . R848+RAL (1.4 umol-L %)
FH . R84S+AMEEE S RAL M4, R848+IDV
(3.525 pumol-L ™) i 3420 Fl R848+5 M4 1DV M3k
4. 37°C. 5% CO, }47% 20 h, &>, DPBS-BSA H &,
LR GG (BT PUA IR 1), VK E§% 7 30 min,
Jeta E ek, B0 B, ARG g PR ER,
9 2040 B U I pDC i A6 D

SEBXASAAX TLR7 ®EFSI&28 IFN-a.
IFN-g RIERIEN Kk fE N A= T+ 2x10° 4 PBMC
BT 24 FLMRk b, W EXTA . TLR7 355 R848
T4 . R84AS+E(M (10 pmol-L ™) Ml 4. R848+
RAL (0.7 pmol-L™") 7 #4H . R848+5( B4 RAL
B4 . R848+IDV (1.762 5 pmol-L %) 7420 A1 R848+
SRS IDV B4 . 37°C. 5% CO, k3% 6 h. Uk
XYM, FRECAHIRA S RNA, SR 5 18 FH Seid ¢
J65E i PCR &G MIAS [A] kb #2240 PBMC ' IFN-a IFN-A
MRNA KiLK¥, 5IFHIIE 2. BHAF Primer
Premier 5.0 & 11, SEIGERAE ™R 44 IR il B S
1T, SEREIELL GAPDH fE NN Z, RAR 274t
BIER VB IFN-a. IFN-B B Rk &

Feit AR A AERCXT LA I8 S 11 A% 2 s =
5, P<0.05 H NN R Giil2 = X, B gt Jrikid@
i GraphPad Prism 5 #4750 #7

Antigen Fluorochrome Clone Isotype Source
HLA-DR APC-eFlour 780 LN3 Mouse 1gG2b, « eBioscience
CD123 PerCP-Cy5.5 6H6 Mouse 1gG1, « eBioscience
CD86 PE 1T2.2 Mouse 1gG2b, x eBioscience
Lineage FITC - Mouse eBioscience

Table2 Real-time PCR amplification primer

Name GenBank Primer sequence (5'-3)
GAPDH M33197 5-GCTTCGCTCTCTGCTCCTCCTGTT-3' (F)
5-ACGACCAAATCCGTTGACTCCGACC-3 (R)
IFN-o NM_000605 5-GATACTCCTGGCACAAATGGG-3 (F)
5-GCTTGAGCCTTCTGGAACTGG-3' (R)
IFN-B M 25460 5-CCAACAAGTGTCTCCTCCAAAT-3' (F)

5-AATCTCCTCAGGGATGTCAAAG-3' (R)
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AL MTT Ltk e & st C8166.
TZM-bl 1 PBMC 4t fifd (1) B¢ PEAF FH - SUPEXT C8166 (1)
CCso fi  85.02+0.28 umol-L™* (& 1A), % W5t
C8166 Ml A — & M MEETE, FHYEZY) AZT Xf
C8166 4 ffnZE 1 #2 /)y, H: CCyoffi N 5.3+0.09 mmol -L*
(Bl 1B); A MEXT TZM-bl 41 ) CCso BN 73.67+5.1
umol-L™" (E 1C), KAHXT TZM-bl 41 th R L H
T E. AZT ) CCsy A 262+0.31
mmol-L™" (& 1D), %} TZM-bl 4 & PE4R /N, & 1E
SREFAMEXT PMBC M4 ESRIG K, H CCs HA
91.84+4.1 ymol-L ™", FIE %X PBMC A — & K4
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20 4 st
] 2nd
L 100 ol g me i
‘9\ -
= 804
:._E
E 60+
=
&40 4
20 +
0 | |
200 40 8 16 032 0064
Coneentration / pmol-L"!
C . X
120 . Cytotoxicity of CQ on TZM-bl — 1st
I 12nd
100 4 3rd
= * b
> 804
2 60
&3 404
20 4
0 "
200 40 8 L6 032 0064
Concentration / pmol-L-*
E .. X
120 4 Cytotoxicity of CQ on PBMC st
al ' 1 2nd
100 - r T 3rd
" I
- 80 4
3\
E 60
= 40+
]
o ap 4
0 -

-
200 40 8 1.6 032 0.064
Concentration / umol-L"!

2 SAERERAAMHIV-11EA
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19.33/0 £ 0 [(nmol-L 1)?%], It o B o [ 4
2.163 pmol-L ™ 4% 5 0.046 nmol -L ™' RAL 1Bt &1 1
i R A F B (P 2A) . -5 3k N7 T-20 Bk
G AN FEAS PR E N 104.72+17.83/-10.13 +
7.55 [(nmol-L Y2%], XBLHmBEEH (K 2B),
1.082 pmol L 4% 55 6.96 nmol -L ™ T-20 1Bk & F 25 1
200 g e 1 Wi R4 F o SRV S R i A ) 7 I A
I RIS LA R BN 24.74 £ 1.29/-6.115 + 0.13
[(nmol-L™")%%], SHLH A INIEM, MK E N
1.508 umol -L %, IDV &y 1.82 nmol -L ™ i, e H
iRl (B 2C). S S5 JEA% 7 I % Sl i
7 EFV BRA 2RI AL LA E )N 0.495+0.7/
—63.4+19.94 [(nmol -LY)%%], s o B S A,
2.163 pmol -L 4 5 0.0905 nmol -L ™ EFV B4 H 24
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Figurel Cytotoxicitiesof CQ (A, C, E) and AZT (B, D, F) to C8166 cells, TZM-bl cells and PBMC respectively. CQ: Chloroquine;

AZT: Zidovudine
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Rategrivir; T-20: Enfuvirtide; IDV: Indinavir; EFV: Efavirenz
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UM 5 0.3725 nmol -L ™" RAL 121 FH i [ P ¢
;G S5 E AREHEIF) 1DV RS 2 RIS B A
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Figure3

Inhibition of HIV-1,g replication by combinations of CQ+RAL (A), CQ+T-20 (B), CQ+IDV (C), and CQ+EFV (D).
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Figure 5

combinations CQ+RAL (C), CQ+IDV (D). 'P<0.05.
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Inhibition of IFN-a upregulation by combinations of CQ+RAL (A), CQ+IDV (B); Inhibition of IFN-A upregulation by
ns: No statistical difference
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