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Role of bacterial minicellsin cancer therapy

Yuying Yang, Qing Liu, Pel Li, Hongyan L uo, Haoju Wang, and Qingke Kong

College of Animal Science and Technology, Southwest University, Chongging 400715, China

Abstract: Cancer is one of the most important diseases threatening human health. Frequently-used traditional cancer
treatment methods, like radiotherapy, chemotherapy and surgery, have serious toxic side effects and limitations. The
widely-used drug delivery carriers (liposomes, nanoparticles, etc.) have also possessed many issues such as drug leakage and
incomplete loading in the late clinical stage. Currently, using tumor-targeting vectors to deliver anti-tumor drugs or small
molecules is one of the promising strategies for mediating safe and effective tumor therapy. In recent years, bacterial-derived
non-replicating minicells, which are nanoscal e non-nucleated cells produced during abnormal bacterial division, have got more
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and more attention. With a diameter of 200400 nm, minicells have a large drug loading capacity. Meanwhile, the surface of
minicells are able to be modified to load the assembly of antibodies/ligands that bind to tumor cell surface specific antigens or
receptors, which can significantly improve tumor targeting of minicells. This tumor-targeting nanomaterials of minicells not
only are used to deliver anti-tumor chemotherapeutic drugs, functional nucleic acids or plasmids encoding functional small
molecules to mammalian cells, but also greatly increase drug loading and reduce drug penetration. Thus, the use of minicells
combining with chemical therapy could help reduce the toxicity and maximize the effectiveness of the drug in the body. This
paper summarizes the research and development of production purification, drug loading, tumor cells targeting, and
internalization process of minicells, as well as its use in the delivery of anti-tumor drugs, to provide some information for the

development and utilization of minicell carriers.
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Fig. 1 The formation of minicells regulated by Min system™*!. The minicell has been first isolated in E. coli mutant.
The mutations responsible for the minicell formation are mapped to the minB locus, which encodes three proteins,
designated MinC, MinD, and MinE. MinC comprises two domains of roughly equal size and its N-terminal domain
interacts with FtsZ, which is required and sufficient to inhibit FtsZ polymerization in vitro and Z-ring formation in
vivo. MinD contains five distinct domains, generally associates with the inner membrane, and is required for the binding
and activation of MinC. MinE is an 88 amino acid protein with two known functional domains. The N-terminal domain
(°MinE) is required and sufficient to interact with MinD and to counteract MinCD-mediated division inhibition.
Similarly, inhibition of PomZ expression or promotion of FtsZ expression both promotes to minicells product. The
symbols “—" and “+” represent “inhibit” and “promote”, respectively.
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Fig. 2 The general procession of drug assembly using minicells®%. Schematic shows bacterial-derived, bispecific
antibody/ligands-loaded, drug-packaged minicells. The divided proteins (more than 20) assemble at the site of division
into a multi-protein complex called the septal ring. Formation of this complex is thought to initiate with the assembly of
FtsZ into aring-like structure, the Z-ring, which mediates the coordinated invagination of three cell envelope layers. The
schematic also denotes the packaging of anticancer drugs, si/shRNA, therapeutic proteins or even plasmid DNA into
empty minicells, which can target to tumor cell-surface receptor using ligand such as folate or bispecific antibodies
where one arm of the antibody has minicell-surface O-polysaccharide specificity and the other arm has specificity for

Bispecific antibody and ligands

the tumor cell-surface receptor for example EGFR.
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FEBRE T (19G)>N . {FLIE R /IS0 6 [7] 5 336 2% b 12
20 0 Bk 2% DA B R i 7 (LCMV) R H - (NP)
FIAHLL A DNA 2 i 22 A5 AT IR 0 200 i Jk 28 P

&: 010-64807509

RIG/NEUG, WU G BE ™ A= 55 0 R 4714 4 i
FORE, T RGE T IR AN B ST B AN, Tsuji
EWIE BN, BAVEYIHI 255 VAX-IP, —Fh3EF
REEEGIREZR (Invasin) FIYTE /NI, B8
MEEAFERE (FILE O) Friethhi ik £ A
ANPRIE F R EaE (RRAEERT
RUKWA o581 5% a3BL), FfAIFHiXEEEE AR
JEAE R o SR T A ILJZ 2 0 1 s e g A
At 8 4 i R SE AR BEAR Y. R B,
R SE AN I R AR 2 A T AT, /N
FETE R E TR, X R/NIIAE b 259 3k
S B IR VR T R A

3 RELERE

NIV Sl —Fopr B i 25 A, TLARF
LN EENE 2 . SRNA . miRNA | AMEE
DLk DNA S5, DT A5 5 A e g 4 F
A /N A S R T 7 08 1 R i 50t T E 7
PEAT R A B R A R G i (B
) J5, AT AT HR ST, /N0 E
A IR T B T o R e A LA e e L e 1
AN, RIS A i 1 25 Wt BB A B S 2 BT
e £ Y 5 T g DO 485 ol %) B 28 2R ) I /)N A
100 350, A7 e b IR R 1 Job g 40 0 1 R
AEXTF R AR . 9K RI0R NS A S A, /vl
MIBE e 258 s FyG 2y e e . miH., R
AT ZIWI LS . LT L KM RN R AN
/N BT AT 3 Ao A A S e R A R A
N K UL A8 5 2 X0 24 W) el B A R A T 2 R A
RESE 2GR 40, M MAMA R TUAZ At I = 3 430 ™
A g — PP B 40100 nm R EEL, H AT R
5. mRNA & miRNA, AHEXT DNA % i 347
IR IR 0 T /0N 200 2 40 0 Y S5 3 2 2 31
FRAER, A BRI SRR B BEA AL 4, Rt/
MO AT DA R KL G7 %) DNA RBEW AR eAh, /i
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B RSHEER (200400 nm), — A4 2 R4
MIZHZ (IEH L2 IR A P9 R R BB, A e
VPRIAZ T 100 nm (R4 T 5 1 ph i 5 ) . i
Ai NI IR B A L AR A A W B i
PR, AR AR T bR 25 43 26 AR AR
EIEME AR, INHIT AR EZIRG 2,
/N LT DAAEAAR PN i ) AR i A P AR Bk,
5295 2 Je N 23 0k 2 W i R e %) 2 R4 55T
T2 FETERIR BRI /NER 28 22 YR /N2 e
FatE, RIWWREN . REE . B REY B
ARACEEREAR, PP AR T L U RN R T i
A RISEE o X Hegh B /N it ) o R LA —
FE . SR, ZNARAE R 4l e Rt A= 9
HAER N & 2l A AE LA IR, 15, D
AR R T 55 B0 A B i /N AL, LSRRI A B
THAF, U5 T Res R £ REE 2w E A
RN, FeAlEmsh a2t ot i i g/ A i
IF, SRS K25 1 B T, WTRES | R Bz,
DR IHe 75 42 i 01 90 DA R AR5 1 sabelle
265 U57) oS50 300 3065 1 20 17 200 M6 % TR G 4 A R A1
Bk, KA BLE IpxM LS, HIER A &
sEmEAl, MRS T Toll BE5Z1K 4 (TLR-4) M5
SH S, LPS WEEREIE TR KIS ; IS, GRAS
(Generally recognized as safe) B kkEL 2542 B ™ A=
/N T DARBRAIR L R 1, AnRARTE N B R A%
I BH P BT A 2 TR IR T AT B8 2L TR A A A e B
minCDE ()[R IR SE R 7= A= i /N, LA S5 ha) faT
LAVER . RSN LE W R e A 1A
Hyk, fd /N0 AR 2k — LE I B,
/NPT BB 2315k 2 g N, RIS
AU A OB IE S e R EAR IR ST .
b, BT JO 58 BN B ) AR Ak 5 7
/N L ELAR R D ZE R TN 4y, TEZS ik ik
FVPE P AT g T H AT TG AT AL A (H/N A i
Y R 254388 26 AR I F T ARG IRIG YT Z 00, 8

http://journals.im.ac.cn/cjbcn

T FERE SN R A R B | AR A
S50 WS TRAMETT , LAE S G-t 1 Ak /N A0 A L
P S AR R o A A R AR A W
TSR RITRA , /N R AR O R P — 5 2 B
FFRMNE A
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