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1.1 

1.1.1 

(Superorganism)

Selection Pressure

Holobiont Hologenome 2001

5~7

-

Eubacteria Archaebacteria

Eukaryotes

——

· Carl R. Woese

pH

Bile Acid, BA Antimicrobial Peptides, AMPs

pH

Firmicutes

Proteobacteria

Cleveland Clinic

1 ~10



| 2025

2011 S. Dusko Ehrlich Enterotypes

1 2 3

/ F/B, /

Irritable Bowel Syndrome, IBS F/B

1.2 

1.2.1 

3 4

200~300

50 100~1,000 150

• 0.1%

Ascomycota Basidiomycota

Zygomycetes

Inflammatory Bowel Disease, IBD

• Euryarchaeota Crenarchaeota

• Blastocystis Blastocystis

• 99%

150~170

Bacillota Bacteroidota

Pseudomonadota Actinomycetota Verrucomicrobia

Fusobacteria Cyanobacteria 98%
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•

•

99%

•

•

1.2 

1.2.2 

1.2.3 

pH

100~1,000

•

•

•

• pH 7.3~7.7

• 107~109CFU/ml

•

•

• Bile Salts pH 5.7~6.4

• 103~104CFU/ml

•  

•

• pH 5.5~6.8

• 1010~1012CFU/ml

•

Van Hul, Matthias et al. “What defines a healthy gut microbiome?.” Gut vol. 73,11 1893-1908. 7 Oct. 2024, doi:10.1136/gutjnl-2024-333378
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1.3 

1.3.1 

1885 Escherich

1996 Wilson Blitchington 16S rRNA

2005 Jeffrey Gordon

2018 Routy

1700

1958 Ben Eiseman

Faecal Microbiota Transplant, FMT FDA 2022 2023

live biotherapeutic products, LBP recurrent Clostridioides difficile 

infection, rCDI

FMT

1/2

300

Alfred Nissle

Nissle 1917

Nissle Mutaflor®

1917

Robert Koch

1881

Escherich

1885

Robert E. Hungate

1944

Milestones in human microbiota research

Ben Eiseman

1958
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1.3 

1.3.1 

2/2

Schaedler

1965

Peppercorn

Goldman

1972

Wilson Blitchington

16S rRNA

1996

Willem de Vos

16S (r)RNA PCR

(TGGE) 16

1998

Jeffrey Gordon

2005

- -

2011

Forest Rohwer

(Siphophages)

2003

Rob Knight QIIME

2010

2012

FMT FMT

CDI

FMT

2021

REBYOTA®

REBYOTA® FDA FDA

2022

VOWST Seres Therapeutics

VOWST FDA FDA

2023

TGA BiomeBank

BIOMICTRA

2022
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1.4 

1.4.1 

Illumina PacBio Oxford Nanopore

Ferring Pharmaceutical Seres 

Therapeutics II/III

检测、测序与技术平台 微生态药物与健康食品 临床/零售/消费场景
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2.1 

2.1.1 

- -

◼

· Julia K Goodrich ——TwinsUK 1,126

Microbial Genome-wide Association Studies, mbGWAS

945 8.8% 0.20 50%

Christensenellaceae

Lactase, LCT

Van Hul, Matthias et al. “What defines a healthy gut microbiome?.” Gut vol. 73,11 1893-1908. 7 Oct. 2024, doi:10.1136/gutjnl-2024-333378
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2.1 

2.1.1 

◼

◼

◼

1000

Weaning Reaction

——

Proton Pump Inhibitor, PPI Selective Serotonin Reuptake 

Inhibitor, SSRI PPI
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2.1 

2.1.2 

Healthy First-Degree Relatives, HFDRs Crohn′s disease, CD

CD

FMT  

FMT

•

•

•

•

+ •

•

•
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2.1 

2.1.3 

, , , . [J]. ,2024,08(05) 329-334. DOI:10.3760/cma.j.cn101480-

20240715-00081

16S rRNA

OTUs

GasPak

MALDI-TOF-MS 1 16S rRNA

98.65%

——

PCR

16S rRNA

/

MALDI-TOF-

MS 16S rRNA

16S 

rRNA

" "

DNA

16S rRNA
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2.1 

2.1.3 

——

——

16S rRNA

• 16S rRNA 1500 bp

• 16S rRNA

•

DNA Illumina PacBio Nanopore

•

•

• RNA

•

/ DNA RNA
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2.2 

2.2.1 







-

•

•

(SCFAs)

•

•

(5-hydroxytryptamine  5-HT)

- -

•

•

Heart 

Failure, HF

•

•

•

MAMPs

•

• indoxyl 

sulfate IS p-cresyl 

sulfate PCS

•

•

SCFA

-

--
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2.3 

2.3.1 

Small intestinal bacterial overgrowth, SIBO Functional gastrointestinal disorders, 

FGIDs

/

/ /

CDI CDI

• 24

•

/

SIBO

/ SIBO

➢ ≥10⁵ CFU/ml

SIBO

➢

➢
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2.3 

2.3.1 

10%~20%

FGIDs FGIDs

Post-infectious Irritable Bowel Syndrome, PI-IBS

IBS IBS

Veillonella Lactobacillus

IBS Toll

TLR IBS

IBS

PI-IBS

IBS PI-IBS

IBS

• 11 IBS

OR 4.46 95% CI 

1.69-11.80

• IBS SIBO MMC III

*

MMC III

• SIBO

IBS IBS

* III Migrating Motor Complex, MMC 90

Toll (TLRs)

/

Non-alcoholic fatty liver 

Disease, NAFLD NAFLD

NAFLD SCFAs /
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2.4 

2.4.1 

◼

20

2006

—— Bacteroides 

thetaiotaomicron

B. thetaiotaomicron

◼ 2

2 Type 2 diabetes, T2D 90%

5%~15%

2

◼

N- Trimethylamine N-oxide, TMAO

Trimethylamine, TMA

TMA TMAO TMAO
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2.5 

2.5.1 

SCFAs

T

T

Treg

Teff

DC

Teff

Treg

LPS

T

T

IgA Secretory IgA, sIgA Toll

5 Toll-like receptor 5, TLR5

sIgA

sIgA

Toll (Pattern Recognition 

Receptors, PRRs)

(Pathogen-associated 

molecular patterns, PAMPs)

TLRs

B T

B

B BAFF APRIL B IgA

CD4+T

-γ -17A

IgA

TLRs NOD

Hou, K., Wu, ZX., Chen, XY. et al. Microbiota in health and diseases. Sig Transduct 

Target Ther 7, 135 (2022). https://doi.org/10.1038/s41392-022-00974-4
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2.5 

2.5.1 

B

IgA

ATP

T Treg

✓ Inflammatory Bowel Disease, IBD

Ulcerative Colitis, UC Crohn‘s Disease, CD

✓

✓

DNA

✓ Autoimmune kidney diseases

✓

✓ / MPO-ANCA 

Goodpasture syndrome, GPS

✓ SCFA SCFAs
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GABA,

5-HT
B

2.6 

-

2.6.1 

20 80 Brain Imaging - Gut–Brain Axis, GBA

GBA

-

Central Nervous System, CNS

GBA Autonomic Nervous System, ANS Enteric Nervous System, ENS

- - Hypothalamic-Pituitary-Adrenal, HPA

• ANS ANS ANS

CNS ANS

ANS ENS ANS ENS /

γ- Gamma-aminobutyric acid, GABA

• ENS Filipe De Vadder -ENS 5-

hydroxytryptamine, 5-HT 5-HT ENS De Vadder 5-

HT 5-HT

• HPA ——HPA

HPA

- -

Collins, S., Surette, M. & Bercik, P. The interplay between the intestinal microbiota and the brain. Nat Rev Microbiol 10, 735–742 (2012). 
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2.6 

-

2.6.1 

◼

Alzheimer′s disease，AD

2024

4,000 2030 7,000

◼

2015 Katlyn 

Nemani - -

- -

•

blood-brain-barrier, BBB

•

, 

AD β- amyloid β-protein Aβ Tau

neurofibrillary tangles NFT Aβ

AD

Aβ

AD

AD

AD

GABA

Aβ

C/EBPβ/AEP

Aβ

SCFAs

◼

2019 2.8

psychobiotics

γ- 5-
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•

• LPS

LPS

•

2.7 

2.7.1 

2020 1000 100

1994

 



•

•

DNA

T

Myeloid-derived suppressor cells, MDSCs

•

1 2

3 4

•

DNA

•

Streptococcus anginosus

DNA

•

/

•
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2.8 

2.8.1 

1





















MEROPS





2

• A

• A

• D K

•

D

• B

B

• C α

•

•

•

•

•

•
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2.8 

2.8.1 

Dietary Pattern

Ross, F.C., Patangia, D., Grimaud, G. et al. The interplay between diet and the gut microbiome: implications for health and disease. Nat Rev 

Microbiol 22, 671–686 (2024). https://doi.org/10.1038/s41579-024-01068-4

•
• SCFAs

• •

SCFAs

•

•

•

•

SCFA TMAO

•

1.5g/kg

•

•

• SCFAs

•

•

• β- βHB

• T

17 TH17

TH17

•
•

TMA

TMAO

•
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2022 FDA REBYOTA®

3.1 

3.1.1 —— REBYOTA®

2022 11 FDA Ferring Pharmaceuticals REBYOTA® fecal 

microbiota, live-jslm RBX2660 18 rCDI

FDA Live Biotherapeutic Product REBYOTA®

FDA

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

3 FDA

Investigational New Drug IND

5 FDA Fast Track 

Designation

3

5 11

(Biologics 

License Application BLA)

1

BLA

11 FDA

NCT03931941
NCT01925417

NCT02299570

NCT03244644

NCT02589847

NCT02360579

II

III

FDA Pre-IND Meeting

10 Breakthrough 

Therapy Designation

 REBYOTA® 

• Rebiotix Inc. 2011

Microbiota 

Restoration Therapy MRT

• Ferring Pharmaceuticals 1950

 

2018 Rebiotix

• REBYOTA

150 1 500 CFU

10 CFU (Bacteroides)

•

rCDI
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REBYOTA®

3.1.1 —— REBYOTA®

RBX2660 III PUNCH  CD36 NCT03244644

II (rCDI) 267

2:1 RBX2660 n=180 n=87

3.1 

24–72

RBX2660

REBYOTA 1 

1 

8

6

2

RBX26601 CDI 
2:1

 PUNCH  CD36 

REBYOTA @ Home  Specialty pharmacy 

REBYOTA 

Optum Accredo

FMT FMT

REBYOTA  

REBYOTA

-80 C 36

FDA

REBYOTA REBYOTA @ Home Specialty pharmacy

REBYOTA Wholesale Acquisition Cost 9000 /

rCDI 2023

J1440 REBYOTA

RBX2660 AEs

SAEs

8 CDI REBYOTA 8 70.6%

57.5% REBYOTA 99.1% REBYOTA

29.4% 42.5% REBYOTA CDI 13
RBX26 rCDI
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3.1.2 ——VOWST

VOWST fecal microbiota spores, live-brpk SER-109 Seres Therapeutics

2023 4 FDA 18 rCDI

FDA

3.1 

VOWST

• Seres Therapeutics 2012

2015

IPO

VOWST

• 2021 Seres Nestlé Health Science  

Seres 1.75 Nestlé VOWST

2024 Nestlé

• VOWST

4 3

CFU

• Firmicutes spore-

forming bacterium

III ECOSPOR III

• VOWST III ECOSPOR III SERES-012 NCT03183128

CDI 182 1:1 SER-109 n=89

n=93 3 4 12

• VOWST 87.6% 60.2% 12.4% vs 39.8%

p < 0.001 VOWST CDI 27 RR = 0.32

VOWST 

• VOWST III

SAEs

• VOWST rCDI 

VOWST Seres Nestlé Health Science

VOWST VOWST VOWST 10

VOWST

VOWST Seres 6

1,960 1,284 VOWST 80% 54% Medicare Part D

46% Medicare
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3.2 

3.2.1 

Live Biotherapeutic Products, LBP

LBP

FDA LBP LBP

CMC

clinicaltrials ChiCTR 2025.04

FDA (Center for Biologics 

Evaluation and Research, CBER) 2012

CMC 2016

LBP

◼

2025 04 384

Gastrointestinal acute Graft-versus-Host Disease, GI-

aGvHD MaaT013 III MaaT Pharmar

rCDI VE303 FDA III

2025 04

384

2025 04

32.4%

11.2%41.6%

14.7%

I

I/II

II

III

9

13

18

24

26

27

FDA
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2025 04

• Genome & Company 2015 GNOCLE

2018 KONEX

2020 KOSDAQ Merck

LG Chemical MSD

3.2 

3.2.1 

FMT

44.2% 30%

clinicaltrials ChiCTR 2025.04

◼ ——

FDA

• PD-L1 CPS≥1 / GC/GEJC

GEN-001 9x1011CFU 800mg

2023 8 31 42

• n=37 5 PR 1 8 SD

mPFS 1.73 95%CI 1.67-2.37 mOS 7.9 95%CI 6.07-NE

• GEN-001 GC/GEJC

Ⅱ GEN001-201

• GEN-001

Lactococcus lactis GEN-001 

/

2025 04

25%

6%

24%

2.5%

33%

2%

30.0%

44.2%

17.8%

8.0%

FMT
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2023 4 1.065 AXA IM Alts AMR Action Fund ·

Korea Investment Partners

3.2 

3.2.1 

◼ ——

1989 Tvede

Rask-Madsen 10 5

5 Seres Therapeutics

SER-109 FDA

LBP

• Vedanta Bioscience

CGMP

• VE303 rCDI VE303

2017 CARB-X 540 2020

BARDA 8,190 VE303 2017 FDA rCDI

VE303 rCDI ——CONSORTIUM 

CONSORTIUM NCT03788434 rCDI II

➢ VE303

rCDI 80%

➢ VE303

➢ VE303 CDI

——

CDI

CDI SoC

1:1:1 14

• VE303 HD 8 109 CFU

1.1 1011 CFU

• VE303 LD 1.6 109 CFU

 2.2 1010 CFU

•

• VE303 HD 13.8%

• VE303 LD 37.0%

• 45.5%
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◼

/

3.2 

3.2.1 

◼ Faecal microbiota transplantation

FMT

FMT 20~30

FMT CDI 85%~95%

FMT

FMT / / /

CDI /

FMT

FMT FMT FMT

300

FMT

• MaaT Pharma

2014 2021

• MaaT013

Butycore FDA EMA

• (GI-aGvHD) MaaT013

GI-aGvHD

• MaaT013 3-8 GI-aGvHD  2018 8 2020 11 24

52 / EAP 2018 7 2021 4

• 28 (ORR) 38% BORR 28

57.1%

Ⅱ HERACLES
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3.3.1 

30

3.3 

◼ ——

S19980004

•

2015 “

• 2023

•

2023

2021

2020

2019

2016

2013

20

800

· ·
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3.3 

Enterococcus

“ ”

•

•

3.3.1 

Critical care Frontiers in Microbiology Journal of Gastroenterology and Hepatology Liver 

International

2022 31 4 2024

2025

/ "GEBDHOPE”

•

• ( )

•

PD-L1

• pH

•

•

•



| 2025

123

3.4 

3.4.1 

2025 4 123

FMT

SK08 IBS Ⅲ

SK08 UC SK08 PD-1

SK08 II

( ) 2025 04  

2025 04 2025 04

3

3

3

4

4

4

7

7

12

36.1%

8.3%
36.1%

13.9%

5.6%
I

I/II

II

II/III

III

46.3%

34.1%

15.4%

4.1%

FMT
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3.4 

3.4.1 

OpenBiome AdvancingBio Taymount Clinic

2021 human gut microbe biobank, hGMB 400

102 1170

CNAS ISO20387

GMP

500 10000

30

GABA PQQ

103

180

1517

Bifidobacterium bifidum Bifidobacterium longum Bifidobacterium breve

Bifidobacterium longum subsp Limosilactobacillus fermentum Lactiplantibacillus 

plantarum Lactobacillus paracasei Staphylococcus xylosus Lactobacillus salivarius

Lacticaseibacillus rhamnosus
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3.4 

3.4.1 

2021 - - - - - - -

32 0-110 1,000+ 20,000+

IBNI617 FDA

0~11032
32

1,000+ 20,000+

➢ → → →

➢ → → →

IIT LBPs

SSRI SNRI

➢ → →

IBNI617 IMN-03 IBNI617

CUMS AAD
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SK10 I CID CID

CID LBP FDA Bacteroides fragilis LBP

LBP FDA/NMPA

SK10 ZO-1

LBP

3.4 

3.4.1 

SK08 Ⅲ Bacteroides 

fragilis CMC SK08

Nature

SK08 IBS-D III UC II

II PD-1/L1 I

◼

ChiCTR2100047023 Ⅱ SK08

IBS-D

• 180

1:1:1

•

IBS-SSS IBS-QOL 

IBS

34

◼ Chemotherapy Induced Diarrhea, CID

II

• SK08

• SK08 IBS-D

• III 109 CFU
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3.4 

3.4.1 

S. alactolyticus FGM •

Lactobacillus plantarum •

Bifidobacterium •

Yeast •

Bacillus •

Saccharomyces cerevisiae ATCC9763 GIM2.9 •

Aspergillus oryzae •

Ganoderma lucidum •

Tuckahoe •

Monascus purpureus •
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4.1 

4.1.1 



2001 Food and Agriculture Organization, FAO World Health Organization, WHO

2014 International Scientific Association for Probiotics and Prebiotics, ISAPP

/  

2014

Clostridium butyricum

2022 686 2027 10%

1,200 25%

/

/

SCFAs

K D
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4.1 

4.1.1 



Gibson 1995

ISAPP 2017



1+1>2

G20060307

+

80%



 γ  

• •

SCFAs

•

IgA

•

CLAs PUFAs*

* Conjugated linoleic acids, CLAs Polyunsaturated fatty acids, PUFAs
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4.1 

4.1.2 

20

Lactobacillus spp.

Bifidobacterium spp.

Generally Regarded as Safe, GRAS FDA

European Food Safety Authority, EFSA

Qualified Presumption of Safety, QPS

FDA LBP

(Akkermansia 

muciniphila)

FDA

Live Biotherapeutic Products, LBP

FDA

LBP
•

• IND

IND

•

•

•

• MCB/WCB

• Zhang IL-10

LBP

live microbial 

ingredients live biotherapeutic agents health 

benefit claims FDA

/

FDA LBP

2012 Early Clinical Trials With Live Biotherapeutic Products 2016
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Akkermansia muciniphila, AKK

AKK

4.1.2 

4.1 

• AKK

• AM06

FDA GRAS

Bacteroides xylanisolvens

DSM 23694

•

TFα IgM

Bacteroides ovatus D-6
• TFα IgM IgG

Bacteroides ovatus V975
KGF-2

• DSS

Bacteroides dorei D8 •

Bacteroides fragilis

ZY-312
•

Bacteroides acidifaciens

JCM 10556(T)
• IgA

Clostridium butyricum

MIYAIRI 588
•

Faecalibacterium

prausnitzii

IBD

2

•

Lactococcus lactis::elafin IBD • IBD

Lactococcus lactis::trefoil factor 1

or IL-10
•
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5.1 

5.1.1 

2019 1 ~2

2020 6

2025 2023 Pre-A

2013 4

2

3

2021 12

973” 863”

4

1

 FMT
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5.1 

5.1.2 

 2007 Human Microbiome Project HMP

2007~2014 2014~2016

IBDMDB 2016

National Microbiome Initiative NMI 5

2020

EBRC 20

 2008 Metagenomics of the Human

Intestinal Tract MetaHIT IBD 3

2012 MetaHIT MetaGenoPolis MGP

 2007

973 863

4 8 2017

2021

 2007 Canadian Microbiome

Initiative CMI

CMI

IBD 1.54

• 2001 HMP

• 2016 NMI

•

• 2007• 2008

2012

MyNewGut ONCOBIOME

• 2016 17

”Healthy Diet, Healthy Life”

•

• 2017
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5.1 

5.1.3 

O p e r a ti o n s

•

HMP iHMP NMI

• 2012 2014 3.07

•

Earth Microbiome 

Project, EMP

•

• Seres

Therapeutics LBP

• 33%

• HMP iHMP

Nature Cell

•

2000 2023 69,098 28.1%

IHMC

2010 " "
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5.2 

5.2.1 

2011 2019 ~2020

5 6

FDA 2022 2023

InvestGo

* 2011 -2024

2 2
3

5

2

5

8
7

19

12

17

9 9

5

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

0.8 0.7 1.7 3.6

18.9

8.3
11.1

17.6

37.8

60.5

49.2 47.7

18.2

6.4

*

2011 -2024

16.4%

46.3%

22.4%

10.4%

4.5%

Pre-A~A+

Pre-B~B+

Pre-C~C+

D

/

2011 2024 A+

63.7%

Seres Therapeutics

Flagship Pioneering 2011 2015

15

Flagship 70% 1~3

Flagship Seres Therapeutics

A C
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5.2 

5.2.2 

InvestGo

2019 -2025

C

Pre-A

3 E

AMR

3 C+

B

B

Green Future

Pre-A

Pre-A

Pre-A

2019 2020 2022 20232021 2024

Pre-A

B

A+
BB+

Pre-A

Pre-A

A

A+

Pre-A

Pre-A Pre-A+

A

A+

Pre-A
B

B+B B++ C

A B
D

D+

E  

C

B+

B C+

2025

Pre-A

A

A+
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5.3 

5.3.1 

FMT

GMP

 2020 -2025

T3 Pharma 2023 11
T3 Pharma

5.08

T3 Pharmaceuticals 

III

T3P-Y058-739 

I

Assembly 

Biosciences
2022 4

Assembly 

M201

AI

Assembly Biosciences M201

Synergia 

Life 

Sciences

2021 11

10

1.5

Synergia

Synergia 2004

K2-7

Synergia

Synergia

Microbiome 

Labs
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