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Construction and evaluation of targeting macrophage autophagy nanocage and their killing
efficacy against Mycobacterium tuberculosis

HE Xiao—fengl, ZHAO Zu—guol, LUO Ren—xingl, PENG Wan—qingl, WU Kun-ru', WEI Yan-lan', LIAO Xian—pingl,
CHENG Wei-ran', WANG Wan-dang” ,JIN Hua'" (1. School of Pharmacy, School of Medical Technology, School of
Basic Medical Sciences, Guangdong Medical University, Dongguan 523808, China; 2. Department of Laboratory,
Affiliated Xiaolan Hospital, Southern Medical University, Zhongshan 528415, China)

Abstract: Objective To construct a macrophage (Mo) targeted and autophagy enhanced nanocage, and then observe its
killing effect on intracellular Mycobacterium tuberculosis. Methods The Mg targeted and autophagy enhanced nanocages
(Man@Rif/Rapa-NCs) were constructed by loading with rapamycin and rifampicin (Rif/Rapa-NCs) and modifying with M¢
targeted mannose (Man@). The killing effect of Man@Rif/Rapa-NCs on extracellular and intracellular M. tuberculosis was
detected. Results Man@Rapa/Rif-NCs had good biocompatibility and M targeting, which enhanced Mo autophagy and
killed intracellular M. tuberculosis. Conclusion The Man@Rif/Rapa-NCs are successfully constructed and effectively
eliminate intracellular M. tuberculosis.
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R X o 15 £ MiAYT (host-directed therapy, HDT)
ST AR SRR BIRY T 7, FE R i R
TIAE XSG AZ I3 AT P 2% b A 5 10 B s 3] i R PR B 7%
HUZH TR AR D ST Fr EC S 5 1 B, i T 25 4%
PR ST 25 R A R 1 . B2 (M) & M.tb
TEVRIN F 2018 A0 M S e 40, (B2 M.eb 12 575
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HilMe 11 g, DT SRR 1) e A3, RS TR A AT
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1 #RITTE

1.1 Zmp 2

THP-1 A\ PRI A ATCC 23] (i), F&
A 10% G413 (FBS) 1 1% %/ 458 % (P/S) YL
I3 20 L R A7 LAt B 97 2k (RPMIT 1555 38) F 37 °C,
5%CO, HF FLEE 7
1.2 EZM XA

RPMI #5230 H HyClone /A F]; FBS & P/S It
H Gibco 24 ] ; RELMR- I3 2 R Y (PLGA-PEG)
FIPMA (P1585) W [ sigma 23 7l; 5 H e (CAS:
75-09-2) W H KA R O HEEE (CAS:
9002-89-5). Rif(CAS: 13292-46-1) }2D- H#&#% (CAS:
3458-28-4) 4 I Macklin A F); FEEK 6 (C6, CAS:
38215-36-0) g HUEM-A=4); HMA%: % (Rapa, CAS:
NO.R8140) M H Solarbio 2 & ; HRP #ric B F-Hi R
IgG . FHiflgG. LC3L, LC3II. P62 X GAPDH $ifAkly
F Beyotime A F) .
1.3 HEMBEEA GG E e FE A48T 2K E (Man@
Rapa/Rif-NCs ) #) 2 & H F AL 57

RILMR - FRH LTRILEY) (PLGA-PEG) S Rapa,
Rif 2 [F] ff A2 — S B B VR i AR, 1% PVA 7K
W (wiv) VE R K AR, FHIAL/K i LA VR F R R A =
SEFEHLIS (100 W, 3 min) /R FIE L, 4k
VeV, B UR T BSR4 K TR (Rapa/Rif-NCs ) o 4 —
SE 1 H R (Man ) W6 B R 8175 W (0.1 mol/L,
pH=4) i &Mk % &y 8 umol/L, Fiil APLGA-PEG
YK IR K% (0.1 pmol/L), 7R %5 1R T2 8 h, He4i

3R1%F Man@Rapa/Rif-NCs. 45 21 (1) 7= i A F L1 75
BB S LI A, I FH A R SO B A ™
HRAR IR Hizeta HLA .
1.4 Man@ Rapa/Rif-NCs % K % & ¥y &AM 547

B 1 mL ZNE 4L, SRFHEDTA $i#E, 3 000 r/min
250 10 min, BZLAHMEHINE, TPBS HESS, AL
K (PRPEE M 4L) . PBS (BAPEXT BEZ) . AN [A] R 2 9 4
K % 25 {K ( Rapa/Rif, Rapa/Rif-NCs. Man@Rapa/Rif-
NCs) . HIUKNIREE, 37 °C /KA 18 h Jo M H A
IE L, IFEZIODS540.,
1.5 Man@ Rapa/Rif-NCs %Mo ¥e.&1F A 27

4 THP-1 RN RIS F LR, KRR 2 10 o4
Jia/ $L, B 100 mmol/L PMA i, 24 h 5,
AL FHI] (Rh) FRICHY F W44 K 8 Man@Rh-nanocage
(Man@Rh-NCs) ¥ & — & Hfa], HHPBS PEi%&4ui 3 ¥k,
LRI R H AU Man@Rh-NCs & , $ A BElR 2% s i
(PBS), HfEIE 9 i i 58 Wi %¢ Man@Rh-NCs #% Mo
WAL AR 5L
1.6 1R A 3 &R

TEQK R @A TR, LLC6 ft#E Rapa FIRIf, 15
BN E A VECHRIC IR FEIURL (COo-NCs ) o HUIE # fi
FEC57 /N, TR 2% v (Basal 2H)., H @8 &Y
KR (Man@C6-NCs) T 5452, R HIVIS /Nl
TR UG BT A RUE i GRS AE/INER A A2 238
BRI
1.7  Hysey A% K % Rapa/Rif-NCs *f E % 8 e, §)
v 69 7 -5 AE A

4 THP-1 A0 R 275 LA, iInA 100 mmol/L
PMA HIIFAAIML, 24 h JEINAKRIFZ59/EH 72 h J5 H
PBS VAL 3 Yk, SR WY BERS 16 B3 25 ) b 31 4
PIRPE AW (AVOs) AR AR SR B8 1, R H
B BN AN [ I B 1 LC3TI/T K P62 ik /K- HYy
1k
1.8 Man@ Rapa/Rif-NCs *FM.th 744 2 R s

25Xt LA BCG AR I AR 037 R0k . 20
Z 2l 15 2 5L (Medium 4) | Rapa/Rif, Rapa/Rif-NCs
Man@Rapa/Rif-NCs . Man@Rapa/Rif-NCs+3-MA 43
YEF 72 b J Uk, 37 °C W58 3~4 JRGTHRE SR, 58
50 v JiR 2 B AR A7 BRI TR R 10 pe/L,
Rapa i A 10 mg/L. HBEAPHIF 3-MA ik
JEA 10 mg/L.

259 Mo INBCG BRIAR B A3 7 850k I H THP-1
I A B IR AR R L, 555 2 40 740/ L, A
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100 mmol/L PMA HIIF 41, 24 h J5 I M.ob HHEBCG
TG Mo (YL HIMOI=1), 4 h J5 FHPBS ¥EA4 i,
3 4 A T Y 20 B RS 43 0l i A 2 8% 3R R (Medium
2l1) . Rapa/Rif, Rapa/Rif-NCs, Man@Rapa/Rif-NCs ,
Man@Rapa/Rif-NCs+3-MA 1EF 72 h, iEVE4niE, FzE
K BURARMI IR, 37 °C 7 3~4 RS THETS%.

2 R

2.1 Man@ Rapa/Rif-NCs % K % 89 FAE4HF &
FHEER R (B 1A), Frfil & i H2A Me H2 1)
TIREM OB . T4 25 198 K %6 Blank NCs hif2h
(70£18) nm, #2494 K JE Rapa/Rif-NCs it5 24 Ny
(132429) nm, 111 H 88 4 53 161 ) BLA8R 245 4 K G
Man@Rapa/Rif-NCs #4224 (222+41) nm. £ H b7
FAEMH B GIOK T Hizeta FLAL R +77.4 mV (8]
1B), VLI H #4871 B ml & AE AR e R TE , HAR
XRE AT B R AE . KRB SR AR IEN
Flfizeta FAIZ0H 0 mV, SEMUBRIE (8] 1C) .
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258 AR T UL JC I s P4 (] 2A) o LA (2640
OD540 - BAMEXT B ODS540) / BAYEXT B OD540 AYE A
SN AEAR I R R, LA 25 s i P
FERAE, 25 R IR, il £ Y Rapa/Rif-NCs X Man@
Rapa/Rif-NCs 9K FEA 23 il i (B 2B ), Bz
RGP WL v AT AEERPTZAZ AT 259K
TR Mo $EHC (K 2C. D) o #—2xf HAR B
W TR, RIAKE A Mo AUER RIS 1 3
£ (1 2E) o
2.3 Man@ Rapa/Rif-NCs 28K FE 7 A I i) 4By

TR AR S 8645 R DL 3, R Al g R g ik 2
RAAENFNEFIIGEE . Hor, RZC6-NCs IR RBEHLIATE
B, 28 H B BB e T LAZER N i B B fa) KT 24 h,
[F] Fsf 98 DA A A U P B e AR R R

Man@Rapa/Rif-NCs

I B N KU S e L I
i (132429) nm ‘ ‘

(222441) nrh

[*]
=

5

Number (Percent)

100 1000 10000 1 10 100 1000 10000

Size (d.nm)

0.75 25

0.50

Digi
Scan
0.25 Scan
Numb
Imag 0.2
Data 0.4
0.6
0 0.8

0.50 0.75 1.00 um ms1-1.002

A.Blank NCs Rapa/Rif-NCs }2Man@ Rapa/Rif-NPs }if%; B. Rapa/Rif-NCs K Man@ Rapa/Rif-NPs il Hi (7 (9 AE; C. 7 i

B Man@ Rapa/Rif-NPs [IE S EAL

B 1 MR GR T RRAR R AL BB SRR



555 1 FRTIGERR, A5 . T IR L 1) P25 2R AR - 11 ey oK G Py A B RS S L 5 A AT TR ) A 0 R 495
B
1.2
A
Water Rapa/Rif Rapa/Rif@NCs Man@Rapa/Rif-NCs % 30'9
—N— —N— 5 g
g 206
e
:[":S) =0.3

@)

C6-NCs

w)

Man@C6-NCs

g
=}

MEFI: 28

50
010‘102103104105

150

MFTI:
100 88

50

0 10'10°10°10"10°

A. 2GR E S 10 pg/L B4R, Rapa/Rif, Rapa/Rif-NCs, Man@Rapa/Rif-NCs L4019 i (4K 4175 R BRI 5 B. &
A PP ILPER E EERAE; C, D.THP-1 Mo X H B MG (C) K& (D) BIZE AR BRI TOE AL ; B, SRR R4 A
XTEIC . D oK AR IR o S nm BERI , FEMFT {55351 28 F11 88
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IR oA il

B3 HE F AR T R R 25 B P Y R AR
2.4 Man@Rapa/Rif-NCs %1 K %3 Mo B "% -F & A
P M.th 3R VE R 51

F W15 71 Rapa 2R 5755 Mo [ W&, i [ 41D
il 7 3-MA BLRAE T Mo 1 FHWE, “99KE” By
ZLAB W N9 Rapa 1 A ERICR , 253 22 X
(P<0.05) . WLKE 4.

2.5 Man@Rapa/Rif-NCs X} M.th ZA73C R 45

I A (R VR AT SR VA ) 75
FIEW P M.b 18 (CFU/mL) 31 LAVE A AR
# 7 (& 5) . Rapa/Rif-NCs 4%} i 7k BCG #l
FA[Ik 80% LA I (P<0.01), WLIEl 5A. Man@Rapa/Rif-
NCs H1EMIAM BN A3 BT IR (P<0.01),
HAEM N A5 5256 4, Man@Rapa/Rif-NCs 41 44
A BETR 7R , U0 RN OK 25 W% B PN 45 A% 1 1 A PRl
FERAF WA [ ERHIF) 3-MA 5155 AW
#2591 K JE Man@Rapa/Rif-NCs X itd PN B i 234555
FA PR, UK 5B,

3 itig
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IR ST/ Ny AP T 2 AR T .
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Il RALTT 25 ) R AP E AR NS, X Mo 1N M.tb
MROIROR 22, S5 R BTN SR, 5 RO R
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A Mo WM.tb BRI, i TREELTE , 258 ok it
A HATE 203, DTG5 XA 7 FEAN RS2
RIS, A e B A R bl 1 287
P UTAER, WA R M b Bk Z R LT L
UL F RS TR M. b T BREEAR , DTk k2 Y
ST, AR R S A
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ARG, i % Ha AT H el i) e i g i, 560 1
HOoE B B AL 1 1, W R A 1 9ok T BA R
Uz e, Ao R L IR, “ghk

7 HARGF AR YA, iR Mo 72, AT
W B 245 Ik B SR AR N AR P SR TR
/NI B 245 BRI R OK G AT DL R AENHEE

BRI Mo 5 25 4% TR A AH B AR FH R 25 4% 7 1 %
JEFIEAT, B3 Mo XTI M. tb (% KEE T, MM
SRR R SR I B LR . i T Me AL H
W VA AR 11 BLEATE AR K ML eb TP 36 48 5 VE T . 1R
4 vh AR A 9355 550 Rapa. (990K 8 M 1A I
P 3-MA, X T B WEXT Mo PN 25 % 15 bR (14 52
W), 25 SR, A g R] DGR SR N M.eb (95 5%, i)
H WA ] FM.eb AR

Zr LTk, AR IRATE I E T BAT S Me
MO | A AR B AR W AR
IFRETIZAIA BRI T BA BRG] 40K 4%
KRG, HTFPa 25 Mo #8 [ fiik , il it
AT Mo F WS | & e RN AT Me BT 45 #%
IR M b B, W] SRR K M tb .



5

FTIRARL, 45 . I I 2 R ) o R AR P i

AHORE (ARG B OO A 25 AT 8 Y A R 497

SE k-

[IRRAL, AR, DA (2020 4FAxEREE R i ) B3R E 454
B IG TAE]. B YR 4, 2021, 39(7) : 392-397.

[2]DICKS K V, STOUT J E. Molecular diagnostics for
Mycobacterium tuberculosis infection [J]. Annu Rev Med,
2019, 70: 77-90.

[3]ISEMAN M D. Treatment of multidrug-resistant tuberculosis
[J]. N Engl J Med, 1993, 329(11): 784-791.

[4]KIM J K, LEE H M, PARK K S, et al. MIR144* inhibits
antimicrobial responses against Mycobacterium tuberculosis in
human monocytes and macrophages by targeting the autophagy
protein DRAM2 [J]. Autophagy, 2017, 13(2): 423-441.

[SIGUPTA A, MISRA A, DERETIC V. Targeted pulmonary
delivery of inducers of host macrophage autophagy as a
potential host-directed chemotherapy of tuberculosis [J]. Adv
Drug Deliv Rev, 2016, 102: 10-20.

[6] Bk %S, FRTF R, 20k, 55, PIFIPMA 17557 2 X THP-1 FL W
AIAEMIT FIM2 AU SCHE R SR RS20 [J]. T FE AR

2FEEAR, 2017, 39(6): 765-771.

(7] 5500, Bl A, skmE, 45, TR WX B W2 g SR AE S 1Y)
AU [3]. F R 2 B2 RR), 2020, 41(4): 549-
557.

[SJFRASER I P, KOZIEL H, EZEKOWITZ R A. The serum
mannose-binding protein and the macrophage mannose
receptor are pattern recognition molecules that link innate and
adaptive immunity [J]. Semin Immunol, 1998, 10(5): 363-372.

[91JZHANG H Q, XI X E, WANG Y L, et al. Side effects of
tuberculosis treatment with fixed-dose combinations [J]. J Biol
Regul Homeost Agents, 2015, 29(2): 379-388.

[T0]BIRMINGHAM C L, CANADIEN V, GOUIN E, et al.

Listeria monocytogenes evades killing by autophagy during
colonization of host cells [J]. Autophagy, 2007, 3(5): 442-551.
[11]VERGNE I, SINGH S, ROBERTS E, et al. Autophagy in
immune defense against Mycobacterium tuberculosis [J].

Autophagy, 2006, 2(3): 175-178.

R 7= AR

KRR EEE AR, ¥ AAT RMEH RE LR REE, KT HEH O RERRFFER) R
BEAEFE RN T EE- BT FHREEEEURT O REH L4 RAT RS E®E LEH
XE F A 5 5 AT A B — R o (AR MR BUR 3R % B3 ), {E 2 1 AR FAR X XUE R R AT A B AL A Bl &

RpEH LR FH,

AT 4 48



