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Abstract: Live biotherapeutic products (LBPs) refer to the living bacteria derived from human
body intestinal gut or in nature that can be used to treat the human disease. However, the
naturally screened living bacteria have some disadvantages, such as deficient therapeutic effect
and great divergence, which fall short of the personalized diagnosis and treatment needs. In
recent years, with the development of synthetic biology, researchers have designed and
constructed several engineered strains that can respond to external complex environmental
signals, which speeded up the process of development and application of LBPs. Recombinant
LBPs modified by gene editing can have therapeutic effect on specific diseases. Inherited
metabolic disease is a type of disease that causes a series of clinical symptoms due to the
genetic defect of some enzymes in the body, which may cause abnormal metabolism the
corresponding metabolites. Therefore, the use of synthetic biology to design LBPs targeting
specific defective enzymes will be promising for the treatment of inherited metabolic defects in
the future. This review summarizes the clinic applications of LBPs and its potential for the
treatment of inherited metabolic defects.

Keywords: live biotherapeutic products (LBPs); inherited metabolic disease; synthetic biology;
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Table 1 LBPs in clinical trials at home and abroad'">™"*!
Company Medicine Development phase Adaptation disease
4D pharma Blautix Clinical phase 2 IBS
Thetanix Clinical phase 1 IBD
Rosburix Preclinical UucC
MRx-1299 Preclinical Cancer
MRx-0006 Preclinical Rheumatic arthritis
MRx-0004 Preclinical Allergic asthma
MRx-0002 Preclinical MS
MRx-0001 Preclinical Asthma
MRx-518 Clinical phase 2 Tumor
MRx-0029 Preclinical Cancer
Seres therapeutics SER-401 Clinical phase 1 Melanoma
SER-301 Preclinical IBS
SER-115 Preclinical Infection by MDR
SER-109 Clinical phase 3 rCDI
SER-287 Clinical phase 2 ucC
SER-262 Suspension CDI
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(E= B}
Company Medicine Development phase Adaptation disease
Synlogic SYNB1618 Clinical phase 2 PKU
SYNB1020 Suspension Gastrointestinal disease
SYNB1913 Clinical phase 2 PKU
SYN-MSUD Discovery Maple syrup urine disease
SYN-STING Discovery Tumor
Rebiotix RBX-7455 Clinical phase 1 CDI
RBX-2660 Clinical phase 3 CDI
RBX-8225 Clinical phase 1 IBD
RBX-2477 Preclinical HE
RBX-6376 Discovery Infection by Enterococcus
Second genome SGM-1019 Clinical phase 2 ucC
SG-B Discovery Cancer
SG-A Discovery Cancer
SG-2-0776 Discovery IBD
Vedanta biosciences VE800 Preclinical Tumor
VE416 Preclinical Food allergy
VE202 Preclinical uc
VES800 Clinical phase 1 Tumor
VE303 Clinical phase 2 CDI
VE700 Discovery Infection by MDR
BiomX BX-001 Discovery Infection by P. acnes
BX-002 Discovery IBD
AOB103 Clinical phase 2 Lupus erythematosus
Osel MucoCept Preclinical HIV prevention
LACTIN-V Clinical phase 2 BV
CBM 588 Preclinical IBD
Azitra ATR-04 Clinical phase 1 Dermatitis
ATR-05 Discovery Ichtbyosis vulgaris
Finch therapeutics FIN-524 Clinical phase 3 ucC
CP101 Clinical phase 2 rCDI
Assembly biosciences ABI-M301 Preclinical IBD
ABI-M201 Clinical phase 1 ucC
Medicilon MET-5 Clinical phase 1 Obesity
MET-4 Clinical phase 1 Tumor
MET-3 Clinical phase 1 Obesity
MET-2 Clinical phase 1 CDI
Zypharm SKO08 Clinical phase 2 1BS
SK10 Preclinical ucC
SciBac DiftiKil Discovery CDI
AOBiome AOBI101 Clinical phase 2 Acne
Oragenics AGO013 Clinical phase 2 oM
ViroPharma VP20621 Clinical phase 2 CDI
MatriSys bioscience MSB-01 Clinical phase 2 AD
Evelo biosciences EDP1066 Clinical phase 1 Psoriasis

IBS: Irritable bowel syndrome; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; MS: Multiple sclerosis; CDI:
Clostridioides difficile infection; rCDI: Recurrent clostridioides difficile infection; PKU: Phenylketonuria; HE: Hepatic
encephalopathy; MDR: Multidrug resistance; BV: Bacterial vaginosis; OM: Oral mucositis; AD: Alzheimer disease.
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Type of risks to be considered in LBPs ' risk analysis => Patient-related

Risks related to the administration of the product in vive

- Nature of the target

- Mode of action

- Dosage

- Formulation

- Route of administration

- Biodistribution in the intended population

- Pathophysiology

- Patient's characteristics: age, gender, genetics, ethnicity,
Microbiome composition, environment, life style, diet

- Special populations associated risks: (pregnant, premature
babies, children, elderly, critically ill, etc.)

- Patients concomitant medication

= | - Fit-for-purpose animal models

- Risk for the entourage

NON-CLINICAL TOX/SAFETY STUDIES
TAKING INTO ACCOUNT THE RISKS RELATED
TO THE INTENDED POPULATION

= Invitro
- Exvivo

= Methods/models assessing major risks
= Combination of appropriate and suitable

methods/models
+

FIH/EARLY CLINICAL TRIALS

Type of risks to be considered in LBPs'risk analysis => Product-related

Risks related to the isolation/selection:

- Origin of the strain

- Isolation/selection process

- Handling of the strain before banking

Risk related to the strain(s) characteristics(intrinsic):

- Antimicrobial sensitivity profile/gene transfer

- Virulence profile/gene transfer

- Barrier translocation potential (FDA definition)

- DNAse activity

- Biogenic amines production ability

- Metabolic capacities (drug and hormonal related
metabolism)

- etc.

Risk related to the process

- Process related (impurities, culture media, etc.)

- Product related

Risk related to final Product

- Formulation (forms, allergens, etc.)

- Route of administration

- Medical procedure

1 EREMHZR ST R
Figure 1 Safety evaluation of LBPs
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EXTENSIVE GENERAL TOX/SAFETY
ASSESSMENT

= Invitro

- Exvivo

Fit-for-purpose animal models

Methods/models assessing major risks
> Combination of appropriate and suitable

methods/models
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Figure 3 SYNB1618 metabolic pathway[46].
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Figure 4 SYNBS8802 metabolic pathway[49].
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x2 AHEBATTRIEERR
Table 2 Genetic metabolic diseases that can be treated by microbiota
Type Name Incidence  Pathogenesis
Amino acid metabolic disease Maple syrup urine disease 1/185 000  Degradation of branched chain amino acids
Homocysteinemia 1/200 000  Impairment of homocysteine degradation
Tyrosinemia 1/100 000  Tyrosine degradation disorder
Hyperphenylalaninemia 1/10 000 Impairment of phenylalanine degradation
Organic acids metabolic diseases Methylmalonic academia 1/50 000 Methylmalonic acid metabolic disorders
Propionic acidemia 1/35 000 Abnormal accumulation of propionic acid and
related metabolites
Hypophosphatasia 1/100 000  Glutaric acid accumulates, causing metabolic
disorders and brain damage
Isovaleric acidemia 1/365 000  Disturbance of degradation of isovaleric acid and
related metabolites
Carbohydrate metabolic disease  Inherited fructose intolerance ~ 1/23 000 Fructose degradation disorder

3 2
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