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Live biotherapeutic products: the forefront of innovative
drug development driven by biotechnology
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Abstract: As human microbiome research advances, a large body of evidence shows that
microorganisms are closely related to human health. Probiotics were discovered and used as
foods or dietary supplements with health benefits in the last century. Microorganisms have
shown broader application prospects in human health since the turn of the century, owing to the
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rapid development of technologies such as microbiome analysis, DNA synthesis and
sequencing, and gene editing. In recent years, the concept of “next-generation probiotics” has
been proposed as new drugs, and microorganisms are considered as “live biotherapeutic
products (LBP)”. In a nutshell, LBP is a living bacterial drug that can be used to prevent or treat
certain human diseases and indications. Because of its distinct advantages, LBP has risen to the
forefront of drug development research and has very broad development prospects. This review
introduces the varieties and research advances on LBP from a biotechnology standpoint,
followed by summarizing the challenges and opportunities for LBP clinical implementations,
with the aim to facilitate LBP development.

Keywords: live biotherapeutic products (LBP); next generation probiotics; drug discovery;

microorganism; gene editing
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PR 5 0F58 H 0 (Food and Drug Administration

Center for Biologics Evaluation and Research,
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VAR A P sl B AR B, I o R 2y i
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M ATH LBP, X 2 MRAI ) LBP BAE LMK
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HI R SRR PR LBP i A& 101 H By J % Il
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P (1) E 58 40 S8 BT 0 . R IRRE IR YT T
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MRx0518, ZZH ALY pembrolizumab HLt
BRATRIT LR, PR MRx0518 1Y £ 2E
F1 ] DASEIE 4l i 52 4K TLRS A% K F (nuclear
factor kappa-B, NF-xB)31/5 5 HT29-MTX 4 jifl
FPAE IL-8, GIRSRENAIAE AR SN, AT e
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TEALIE G T, T A G A YRR
R 2> 7] 356 T e 55 $UFF & (Bacteroides fragilis)JF
BT SKO8 254, ZLW Rl A RARYT g
A Ak (irritable bowel syndrome, IBS)Fl{5 iz 1 4%
1% (ulcerative colitis, UC), FEFENRRATHFFE H 2
BT RIS L4, HEice iEshin
i RAESE . BT Z2 U9 R I, i 55 00T 7 7™
AR ZRBBET TR BIYE T 4088 1(Th1)/(Th2)
Ho B (4 -, SR ALIR T e Dhag, [RAS ]
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z1 XAEH LBP #HAIH

Table I Development of LBPs made from natural strains

Type Drug name/No. Disease Microbe References

Singal-strain MSB-01 Atopic dermatitis Staphylococcus hominis [24]

LBPs Thetanix Crohn’s disease Bacteroides thetaiotaomicron [25]
MRx-4DP0004 Asthma Bifidobacterium breve [25]
MRx-0518 Tumour Enterococcus gallinarum [25]
SKO08 IBS/UC Bacteroides fragilis [26]
LACTIN-V Bacterial vaginosis Lactobacillus crispatus [27]
Xlal Obesity Christensenella minuta [27]
GEN-001 Tumour Lactobacillus lactis [27]
Blautix IBS ND [27]
MRx-0005 Parkinson’s disease Parabacteroides distasonis [25]
MRx-0029 Parkinson’s disease Megasphaera massiliensis [25]
MRx-1299 Tumour Megasphaera massiliensis [25]

Multi-strain SER109 CDI Firmicutes [23]

LBPs SER401 Melanoma ND [27]
RBX2660 CDI ND [28]
CP-101 CDI ND [28]
MaaT013 Graft versus host disease ND [29]
US-APR2020 Chronic kidney disease ND [27]
VES800 Tumour ND [28]
VE202 ucC ND [28]
VE303 CDI ND [28]
VE416 Food allergy ND [28]
BMC128 Tumour ND [27]

ND: Not detected; IBS: Irritable bowel syndrome; UC: Ulcerative colitis. Whether fecal microbiota transplantation (FMT) is
LBP is still controversial, but more and more literatures attribute FMT to LBP, so this paper also summarizes it as LBP.

PLiE R Treg 4 il 5303 7= A= IL-10, $0HH] 5 4E
Bl IL-17, Mk B 15 ALK 0 S % D RE A9
B RES 4D pharma ple A FIJFR T —FGY7 78
% B (Crohn’s disease, CD)FJ LBP 24—
thetanix™ , Z 25 ¥t — ¥k £ B AT W
(Bacteroides thetaiotaomicron)¥4 i, , JLAE FHHL
S5 Z R0 SRE S A OC 1Y NF-xB G 1k,
7= ¥ pirin-like 25 112 UM 500 43 70V,
LY TET Tim R g v e B D R A A
PE, IRF T HUBZE R, B A T I K
IEfE#E T

BRibz 5h, B LBP 7ERFIR RG60 . 10
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TR AT, TR T IRAEZEE,
WP IE CDI & &, HRETZ25940 Tim PRI
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WA VF 2 524 T LBP S DA Ik B 2% 1 25 44
PIREAS v o3 B8 0 R B TE IR YT R, ik S
A #4315 LA AT LA TE 5 B AN A o B
VEDANTA A ®)#F & B VE303 £ 7% 8 Flidt A= 42
REFAFFRERRE, PTLUARYY CDI, ZE AW
YIAE TG PRI R 21 T FOHARACR , T A 11
QT 2022 P20, A FEI S — K2
VEB00 2 M fi R A 2 I (40 28 58 v 43 25 1 1
11 it T TR PR ZE A IR 5 1A, X BB TR AR AT D55
T CD8" T 4N 3iE . 395k S s 3R G X Mg
4 H 7 Y i e 0 0 B R BT PD-1 IRYT AL
B8 32251 5 Nivolumab BESI8YT7 20 s
C4lUS T —@ ik, BRI T I R
5y, dE—B A e | kR
VE202 7 2050 508 J5 1 11 AR S0 A 5 1 T
PR, %2597 LI o R 1 8 R R S e T
ZEMIRTT H S YEg 940 5 5 1k W s
(IBD), TELIIG IR, Z25Y il R4f
() % A A 32 40, H A TO8 I R AR 9% 1 7
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Bt Z 4h, Biomica /A FIWF A IR A 259
BMC128 & 4 Fiok B AR IE 1 R IRTH Pk,
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‘B REUE I 1 2 A WA e R s A TR T RIUCR
FEAR PRI S e dib v, DA il iebyd i A=
£, BHETBFSEA GRS ATIZ 259 B A i IR
¥, #E—1P4 BMC128 5 Nivolumab G477
AE /N it 5% (non-smallcelllungcancer, NSCLC)
B 60 22950 FIV'EF 2 it 97 (renal cell carcinoma, RCC)
(22 A P A 22 47, MRM Health 23 ) J6F
CORAL V- IF R T —FE &1 LBP, Z 25 ¥ {1
T A EMERN 9 MImEILAR, Y
BRI, BB UCE T ke R R RES
15 o ARTERS 1 BB 07 I 1 sl El D K 3 B I 27
Atk R, BRILZ AMZ 258 ] DLk ss 1 48
R e EEYE A E DY

AR FMT Pk e e iE 2 in ki, HE
2F R AR A TOT R L A 9 E AL, DR
A —E A, A3 AR FUR EIE T . SR
ATREMEE RMES . HILZT, B Bn
YT 2H A AR BN & 5 T LBP H N4 4 AT 4%,
YERMLHI B, , AMTEAS %2
2.2 T#HE LBP B & DK

Bl E A AT 2E AR B R R, BE9E N B A

%2 I LBPHAHRE
Table 2 Research progress of engineered LBPs

MG AV =EOR T2 R A Y 2840 il v
BT AN [F) A L DR A %, A A 5 il 0 T ik LA
M Prfs SRR R TIRE, TREW A CEZ R
PR A i AR AT Il il , 3R 2 BaE T TR
F# LBP Bl & 33 H i k1 B0
221 KiEFRH LBP AT HIA L

B AR, AR N A PRAESE, T
S A N SR D TR A 38 I 104 Tl B S A G
IR s o Q! i O S R A i BT B
AT PR Ay T I PR T B R 4 i g
V258 R WA E 10 B B 5 R R AR i AR
4 TR RE A 2 A A AR I AR ZE AL, AL
PN 1 FRY, TR AL LA A
(AT TR S A8, I AT LA A 57 0 Y
B RECR A ROTC Y, #Ema YT 2R
B

ZK TN i R JE (phenylketonuria, PKU)JZ&—Ff
YO ARRIB AL | & — PP IR e R A
P, R IR N Z RN 2 R R AL, Rt
TCIENG T IR A TN 2 IR (phenylalanine, Phe)
FAL s &R, Vh Phe VB SR TR T

Drug name/No. Disease Engineered microbe Clinical progress References
MucoCept-CVN AIDS Lactobacillus jensenii Preclinical [40]
AGO013 Oral mucositis Lactococcus lactis Phaes IIb [27]
ADXS-HOT Non-smallcelllungcancer Listeria monocytogenes Phase | [41]
ADXS-HPV HPYV related cancer Listeria monocytogenes Phase /I [41]
ADXS-PA Prostate cancer Listeria monocytogenes Phase 11 [41]
SYNB1020 Hyperammonemia Escherichia coli Nissle1917 Clinical termination [42]
SYNB1618 Phenylketonuria Escherichia coli Nissle1917 Phase I/Ila [14]
SYNB1934 Phenylketonuria Escherichia coli Nissle1917 Phase 1 [43]
SYNB8802 Enteric hyperoxaluria Escherichia coli Nissle1917 Phase 1 [27]
SYNB1891 Solid tumour Escherichia coli Nissle1917 Phase 1 [27]
VXMO1 Glioblastoma Salmonella enterica subsp. enterica Phase 11 [27]
Ty2la
ATZ-04 Rash related cancer treatment Staphylococcus epidermidis Phase | [27]
APSO01F Solid tumour Bifidobacterium longum Phase | [27]
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Figure 1

The therapeutic mechanism of engineering LBPs in the treatment of metabolic disorders caused by

enzyme deficiency*®. The lack of E2 results in the accumulation of intermediate B and the insufficient
supply of intermediate C. The engineered LBPs harboring E2 and/or E3 can be used to resume metabolism

and eliminate the accumulation of the intermediate B.

B E0™ F A (e ) B AR s A v A
TE WY 2K T & iR % % ¥ (phenylalanineammonialyase,
PAL)RERSHF Phe B A & Fl e X NAERR , wIAE
o PKU RYT RS ZERE 0 i 11 IR A I
FER LBP A LATENG 18 N R FEERT, X A
YA AR L Phe AT I 1) 386 % R0 5% A0 T
B, B A, ST . AT, BN
BA 5 AT 1E 7E H AL 5T B AR} 2 e 4 < T Tl
PRAE ft A2 TG A AR YD 25 RO BF 58 SN T H 1
BT30S T 2R T Il R A s AL ) ) A R T 5 0
filf b, ASHIBAXSAS[RIR P56 PAL E47 Wi 15 3F-
ks, O 45 2 B A JC S BiEE 19 PAL 741
(ERNITYER), DL A PEFL R i M IS 4, ik
TR FEAR, WA PAL MY T2 H
Pho i LA Phe JIEWHEAT TR I A AL 1O 14
HPSEEG, FRATIESS 1 e R BE ) AR R A
#FEAF Phe RBEST, I H NITRIBT RN A
PRAIEF) LBP 25¥y 32 it 1 54 )1 AR SCHE (7
REF). FE Synlogic 2w AIRFFE A 5138 10 Ff
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20 0 2 TR ik SR - R R M i ) R )
i A3 K ¥F 5 (Escherichia coli) Nissle 1917
(45 H“ECN) WYL H A, Mg T -4 N
SYNBI1618 ) THEH"Y, %M1 RA ST o
T P VAT T, ARG REET 2 MRNE
TR N iz & F FE T pheP F1 3 A~ 2K TH & IR fif 2 i
K stid SEATHNTR TAREDSY, O T RRRR A
FEXT TR LR E I SEIA , P JA 374561 2 D44
W) stid 3R, fESPAs T, SYNB1618 Al i
5 AR Pahe™ ™2 /N LAY If 3¢ Phe He BE FLBY 11 £
JFERYAE A28 R A S8 3 W) (NHPs) £ 88 4k 1, 9% o
Phe ¥R (338 . 1/ITa B0 1 PRI 645 R BOR
SYNB1618 ‘&4, Mtk Rif, FiAmMz5%
FERWES G 4 d NIEBR T 4088, FE(dRREE
FEF5 A PKU B H i, SYNBI1618 figf
THAE Phe K H 5 kb T gy U,
SYNB1934 2 M SYNB1618 11k H iy ek B B bk,
HA WA A# Phe MURE S . DU RIS A 25
KB/, SYNB1934 RENE 71 & O Hh 48 1= 1
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Wb Phe BREAR ) I X R EERR (trans-cinnamic
acid, TCA)M/K o KT X Phe BEfF APtk
YRy, SYNB1934 f75 1k & SYNB1618 [
2 ,f%[27,43]o

o A MAE 2 — ARG ER AL, LARE 2
I3 P2 el Y, O A DR A P Bl
Z5IREZWEAN L 2 E A, FEOCRE
T AR A IR ZE Y, B AR T ik Rl
FURBEMPUE R, AHAEA S AL
VERIBOY, BFE kB, IR 25 A B L FLAT &
(Lactobacillus helveticus) NS8 BRI UL 5% fift 1=
SLAE R B IAHIRE 1 N BRI ATy, X
FW T R W B TR i Tl S A
B Ry e A MURE P A SR T IR AR BRI ZAh,
Kurtz 25121 ECN NIE# AW E T TRE
SYNB1020, HAe0eA MMM %1l LK%
B2, Bk A 5 AR Thyd F0
ArgR YeMBR, LhTE S S AR AEY) & B AE
B LA LR G 5%, GitS it i s N-2 A
IR UG R ArgA215 Wk 45 ) 4
USRS 2 B2 1 LB B, T spf®™ i U IILAE /)N
FUSIHI R i F SYNB1020 A [AAI it 22 7K F- 3F:
WA R 2 50% . AN FE MR L R FETb/1Ta
W RO 23 P A i 2 A SR AN B AR,
JE IR 2 AR 98 N B 3 438 10 3 IO RE R 2 Pk v I
i, TFER LBP JGIAFE 0.5 h PR R AR,
DRI T B A s BN BUBTRCR (R TR W IR 7 AL
A TR Xt 4 LBP WL A B —AN R R,
TELGPI G ARG, PR IE X4 1938 NOE LA
L,

HHE DR 2 — 20 LA 3 A R SR A A 3
i, i LR R T LA R & 3R o Wb kB sl L AR W)
TERZB, S EFIRE, B0 &5
WL BRI B . R RURI 2 i 1 T, B
BB 4 MR PR ¥ (type 1 diabetes, T1D)FITIZ!
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B IR 95 (type 2 diabetes, T2D)* . HET, i g
5% 2R N MW 24 ) LA R T A M R A T i
PRI 1 T2 B3R 7 koo 5 R O
HHEE, TARREY A RIE TN, HRERS 2
VESTE AR . Takiishi ZONEH T —Ff A
738 T MR FLIR FLER TR (Lactococcus lactis)KIRTT
TID, &1 i L R L BR 11 RE 6% 20 b 5 B 1Y Jil
By 25 H BP0 ORI R A T ) S S A
i F 1 4 i 10 (interleukin-10, TL-10).
5T N 51X JE BE A R 96 (non obese diabetes,
NOD)/IN AT T 1% 51 20 FL 2 L 3K T AR
RS S M R PR T AT CD3 IERGIRTT o 45
KU, SXEAML, 59%M 55 A& NOD /M|
MBS IE# o Robert S #EE T —#k T
FEALFLIRFL BRI, FHHOR™ A2 TID H & Hi)5
GAD 65370-575 FIA A5~ IL-10, 5 B2
YT CD3 AHZE &, RIVE7E ™ B i U A T 00 T
W AT AR E NOD /N U IR 55 RAE o BRIZ AT,
Duan %59 31 7 — Bl 8 41 18 bR 6 EC 2L AT B
(Lactobacillus gasseri), 43U GLP-1-(1-37)
] AR MR 7KSF- o GLP-1(1-37)BEME 78 Ay A A
AN ALK N b R A0 L A R D R IR B R
FEAE AN I 5 R A R G GLP-1(1-37)
FYREH 5 USP45-LEISS 43ilbbric(SEC) LI K £ 40
AR HISWRZERE, HBMEEA R R 1R 3
+ PslpA =il B X AR IX GG A L. gasseri
Mg i, (RSMNEEIRER], GLP-1(1-37)7T A
K IS b B A0 2 A o 9 5 2R A I A0
Y L. gasseri M2 HE PRI (1) R ST,
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