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FRTCDT ) D —BIENTS 2 X5 7 ) AENTH
Hbo HTH XY 16SHENTIZEDONHMEL S L%
DIFFEIZHNON, ZORPEL LT A 7S
F—FIIEEOEMEBICEE LB X 2H-o TS
W, FDINT  ADW Iz A (dysbiosis) 1FSF SF
IR L BT A Z LI OO H Y,

1980 A1 Fuller” 12 & W RIS 7z [T aoN A
%74 7 A (probiotics) ] &1&, [~ A 7 a/NA{ F—
FDOING Y ARBEZ DI LN VEEICHERRER
OO TAEMAEY] LEFK S, Salminen
UL [MEE O K2 I BB < EWH
o3RG CHERIN, COEROHTT
X, TUNA T T4 7 AOFHT R EEB X OHE R
PEIZOWT, WL LT CER L NIV TREE
MICREAS 2 2 L 220K L, Ho, ERREHNZ E5
1), REZEMIATIRETH L EIBREIN TV D,
TONA T T4 7 A2, T =270 bR FLER R Aok
FoRAmE L CRFEEL BWIENSI NS D
DR, EHF () L L TEESITFICBWTERD
HEERTFHICHWS NS b O F TIRILWGE THW
LENTw5b,

KEGTIE, v~ 42704+ =L 8FSFRERA
EOBEMENS, ol LToTanNA 4
T4 7 ADWEEMEIZ O W TR DFEEZ B T 50
. RA7ONAMF—2 KR

<A ZUNAF —=FH e b OEHEHERRC BT )
EELOZEERBCHMSENTEY, D dysbiosis

NEESEFLRREEOFERIZRZ I EHHLIIRD
2205 5%, Table 1121%, dysbiosis D FE A &,
REEDSEE D LD F 7213 EIR % 7R L 720 Dysbiosis
WERROBEEL LTIE, IhE T, REHEEEES
W E B RS DAL R R B B3 B W28 23T
BT &7, FTEITESEORE & OBEMEDE:
H &M Tw %, Dysbiosis B E & Z DR % Ta-
ble 21ZRL720 WTNOWIRIZBNTD, 55F4E
W o WA TS0 S, BE AL LT
RA7UNAF—=FOM LNV BLPELNVTO
TAF Iy 7 BB FHEREI Do T b 2
EDHE SN TV D,
. 7TRNAFT 17 AAERDIRIK
1. 7ANAFT 10 ADEEEER

TUNAF T4 7 A, =) bR ILERE KR
DEMDOH 5T, HLEREEDHR 2 HRYIZH
WHNLEGHE L THL 2SERIEH SN TS,
TOUNAF T4 7 A ONLAEW L LT
Lactobacillus spp., Bifidobacterium spp., Entero-
coccus spp., Bacillus spp.88 & O Clostridium bu-
tyricum FONRIL VRIE, WHSHFET 225, il
T, WHZLOFMUERLEMEBGFET2 L0 b,
WS & OB PR 22 i 2 2 LS E T S
nTwa,

TOUNAFT A7 ZAOVEEF LS £ LA
POREI SN TEY, R, WEESIC XL EER
BEINEDBH, EESNDLESY Iy RHEB LU

Table 1. Cause of dysbiosis and its related diseases

Major cause of dysbiosis

* Reduction of immune responses

* Intestinal infection

* Malnutrition * Tissue injury

* Drugs (antibiotics and/or steroidal substances etc.) * Stress

+ Aging * GI tract disorders
* Dietary shift

Related diseases

GI tract diseases

Non-GI tract diseases

* Acute or chronic diarrhea

+ Constipation

+ Inflammatory bowel disease

* Antibiotic associated diarrhea
* Clostridium difficile infection

+ Irritable bowel syndrome

+ Lactose intolerance

+ Leaky gut syndrome

+ Nonalcoholic fatty liver disease
* Nonalcoholic steatohepatitis

* Autism

* Dental caries and periodontitis
+ Allergic diseases

* Obesity

* Rheumatoid-related

* Hypoglycemia

* Low weight

* Diabetes

BARMEFREFRMES Vol 66 No. 4
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Table 2. Differences in intestinal microbiota between healthy human and dysbiosis related diseases

Diseases Differences between healthy human Reference

Inflammatory bowel diseases Increase phylum Proteobacteria including Enterobacteriaceae and Bacteroides spp. 7)
Decrease phylum Firmicutes including Clostridium spp.

Irritable bowel syndrome Increased Veillonella spp. and Lactobacillus spp. 8)

Colorectal carcinoma Increased Fusobacterium spp. 9)

Autism Increase in phylum Bacteroidetes and Proteobacteria. Decrease in phylum Fir- 10)
micutes and Actinobacteria

Cardiovascular disease Gut microbiota-dependent metabolism of phosphatidylcholine 11)

Nonalcoholic fatty liver disease Increase in phylum Bacteroidetes and decrease in phylum Firmicutes 12)

Obesity Reduction in the ratio of Bacteroidetes to Firmicutes 13)

Type II diabetes Decrease in phylum Firmicutes (clostridia) and increase in phylum Proteobacteria. 14)
Changes in the ratio between phylum Bacteroidetes and Firmicutes

Acute cellular rejection and Increase in Bacteroides spp., Enterobacteriaceae, Streptococcaceae and Bifidobacteri- 15)

bloodstream infections during
liver transplantation

ceae and Peptostreptococcaceae

aceae. Decrease in Enterococcaceae, Lactobacillaceae, Clostridiaceae, Ruminococca-

Table 3. Mode of action of probiotics

Microbiological action

Mucosal function

Immune response

+ Improvement in the of balance of microbiota
(total number and/or diversity)

* Colonization resistance

+ Growth reduction of pathogenic bacteria by
bacteriocin or Short Chain Fatty Acids (SCFA)

+ Inhibition/reduction of toxin production by
toxigenic pathogens

Improvement in barrier function

+ Improved function of tight junction

* Improvement in mucosal function and
anti-inflammatory effect by SCFA

* Reduction in carcinogenic enzymes or
substances

+ Improved innate immunity

* Controlled Th1/Th2 balance
+ Improved regulatory T cell

* Induction of SIgA

+ Adjuvant activity

BIRMIEE (WEfR, MERRB L7 0 YA U IR) LD

RHMEDZL B LED 22T 1 v 7 REEEOHMERE,

KAEROWIPURAER KT HE, N7 T71) 4T U Rf
FERRIC & 2 DU R ER, S0EINEC L 25
WD JHE RT3 O BIHIVE R, 5608 B SR 5 o MR
TIC X B REEO T EIMIE SN T2 (Table
3o
2. TANAMF T 40 ADREMH

— AN TUNA AT 4 7 AIRETH D EEZ
LNTWh, LeLAaA6, SR % e
SEDLAFLNL, AR OREMEIIOWTEET
LALENHY, FBEONY 2 7TV RIiZk o
TUEH G- 12 D BBRYSREFEAE R LA TP R T O1=F O )
REMEDIE S STV 5,
1) TRNAFT 17 R K BREIER

TUNAF T 4 7 ANHASNAME B L VER
|2 & % bacteremia ¥ 7z 1% fungemia (& Doron & @
MBI ELDOONTWEY, TuUNAF T4 7 AN
JRRE & 7 2 BGHEIZ N TIED 525, BUE DR

EIIHEEDH Y, DL \VDDHS Lactobacillus  spp.i<

£ %3 DT, kT Bifidobacterium spp.8 & U En-

terococcus spp.ll & AIEFISTHRE N5, F72,

spp. TIE-L AR % &5 5 W et
MR SN T2,

TFUNAF T4 7 AN X B RGN T L
DHBERBIZL B L ZHAPKRE L, BHERERIER
¥ (Leaky Gut Syndrome) ¥z 250725,
FAEORIERAIRGE (ERMERIEA S, BRVERIE
ANEFEBERE, BRI E), HRAERESCE
I ORER £ 72 13 REERIR 2245 Bl 2 &7 Bacterial
Translocation (BT) % #E L WMEIZV725 b D
EEZLNTWD,

2) TANAF T4 7 AEERIMMR

TUNAF T4 7 AN L SR E DR
TLTIAINECT P IHA )Y, suFhTx
—a—)b, Y AuvA >y, vras4 K, Ab
LTI AT Y BIUA ML T M T3 ViitE#Es
FHRIT—-RFEINTEY, EHHEOEFEZYES S
WREMEASER S LT B2,

Z DFEHMER F ORI LT3,

Lactobacillus
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Table 4. Discoveries regarding drugs targeting the microbiome

Target disease Pipeline Developer
Pseudomembranous colitis R type bacteriocin 2 AvidBiotics South San Francisco, CA
and intestinal infection
Analysis of intestinal Prediction of type 2 diabetes and MetaboGen Goteborg, Sweden
microbiota arteriosclerosis
Diabetes Advanced metformin (diabetes drug)*® MicroBiome Therapeutics New Orleans, LA

Fecal sample formulation for FMT Rebiotix Roseville, MN

(enteral treatment)*”

Fecal sample formulation

Lactose intolerance Galacto-oligosaccharide *® Ritter Pharmaceuticals Los Angeles, CA

Pseudomembranous colitis Ethanol treated human fecal sample 2% Seres Health Cambridge, MA

Pseudomembranous colitis Capsulated human fecal sample*") Symbiotic Health New York, NY

Pseudomembranous colitis, Bacterial low molecular weight Symthetic Biologics Ann Arbor, MI

irritable bowel syndrome, compound and advanced lovastatin *"

multiple sclerosis

Inflammatory bowel diseases Treg inducible 17 strains of Clostridium Vedanta Biosciences Boston, MA
Cluster IV, Xla formulation®?

HIV infection Low molecule protein expressing Osel Inc Mountain View, CA

Lactobacillus jensenii*®

EERRIATR SN TB Y, Bl 21X, 7a/N1 F 7«
7 AWMk E L THWSMNA Lactococcus spp.d3EH]
it 75 A 3 R Leuconostoc spp.=° Pediococcus
SPPAZZIT AN SN D T EDVRENTWEY, F72,
enterococci 23RA T 2 FHIM LR 125 in - vitro @
PerzaEEERIZ X V) lactobacilli % lactococci (Zf=4%
L, COERIZHEGEN, TabbEERENTHR
HHNDLZEPRESINTRDY,
3) FONAF T4 U RITKRDHENZZL MR
TUNAF T 4 7 A SN L RRICH S 5%
aEER & LT 2002 4212 Food and  Agriculture
Organization (FAO) B & UF World Health Organiza-
tion (WHO) &, #¥Ic TS+ 7127 AIZH
WHNDLWROLE &M MICET 24 K74 v %
R L2, RTA R4 Tk, a4 +5+4
7 ANV LN L RROTRER M Y — >, Z
DR FER L AT HWIEICHERT 55612
X, FOEEEERICIOWTHRET 5 2 LSRR
LTWwb, R, ZHITHER OB ARES Lo

BELMETHY, TunNtF 747 2OV TH,

TIAIFR M T VAR IZa— FEh, KMz
&9 B BRI D & 5 FHAMT 1 EE T 2 IRE T 5 Rtk
DOFRIZEELTRETH D7, KIRIZB W TESEN
W S A 41 Good  Laboratory  Practice
(GLP) #EH o4 1hallR & U T H 4 5.3 1% BBk
(SFEEER), HaEEEHER DS L OB
BRE O ARG BB S LTV 5 25, Isa
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ZEIETNA ARV F ¥ —)
) 7aNAFT 47 XDISH

<A 7 aNA K — AOWFER & ERIRISH S 5 72
OIZTUNA T T 4 7 A% Gt DD OEIETH
ML SINTBY, ZORENRA TI4 0%
Table 4178 L7z, BAZSHMEE L CTid — &% b
DI, BEEHIFEH STV BEEHIO 71N F
T A 7 AW E 72 TR R R Bl (E— RS &
D WIIHEBRERA (17 7 VEED) L2 REED B
% Fi\C dyshiosis %, A & 7% A EY O 8w
AYFHES DL ETREDHRIGHSIEL 0T
Hbo BETIE, 7Y 208 ZHMIZER &
7% B BEITRT L CEI L FGERDSFEM S 1, HRER
TORRISHPHEESNR TV L2055, FlZIE,
RIBIZ BT b ARERA & L CHRRISH S Tw
% C. butyricum MIYAIRI588 #:i& AAD % C. diffi-
cile JEYIE % 0F RAZIFRKIZ B CTHERRBIZE DS AT L
TBY, FR2, B C  difficile EYE D 5D
HMAPMEEIN TG, T2, B2 78K E LTI,
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RA L7285 254 %9 Randomized Control Trials
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TEF D clostridia (Clostridium cluster IV B X
XIV) @57 7 IVEFNZ L 5 TGF-B % IL-10 % i
AT B HIEYE T ML (Treg) OFEE A L-HC
RIEREBHEF ORI OEH ShTw 57,
2) BERD el dEEM DS A

TUNAFT A7 ADL ) IZERED L D &S
THDTIE AL, MEOEET 25T 04 BTG
WE A ERICHT 2R DG ST, #ilz
3, AR B 2 RIZ SIS C difficile ©
AHAEMEITH 2 LA RER REINZ T+~ (BT
W~ 7 F F)? % Bacteroides J& Ml # & % ¥k C
@ % Polysaccharide A (PSA) 7% Treg % &4 %
C LRI, REWERE 7 SRR S &
O SEEALE DG HEIE & L COISHAE ST
W5,
4, ATV RBREBWETONA T T4 0 XB
EiOLIi

<A 7 aNA = ABIFETIE, MR L RIS
RSS2 X577 Lt (X577 37 2) 12kl
57, BETOEALHENTTALIT A7) T
I 7 ARHRmONRT & 72485 T O R SE Y AT
ZHET A RO IZ ANPEBEINTEBY, b
USENAT O MEF I v 7 AEHTA, TuNA F
T4 7 AORBERAMEOBFECTDISH S >0 dH
%%, Fukuda 571, ME~ 7 A% HW72GE N
MYEK¥ % (Enterohemorrhagic Escherichia coli -
EHEC) O157 J&¥HIEE 7 VI BT, EHEC ®
J&Ge % [T & % Bifidobacterium spp. & il C &
72\ Bifidobacterium spp. & fi&H I v 7 AfEITIC
LML, BT REZ: Bifidobacterium spp. Tl
in vivo IZBWTTZNZ b—A TV AKR—¥ —iH
RFPHEBLTED, BENIZBT 2R EED
<, IR IR D — DT d B EERE O RE A B AT
AU e 7 Bifidobacterium spp R THEIZE W
CrERAW L, 512, EHEC O &Y% B¢
4 Bifidobacterium spp. CTH-oTd, 77 h—A
kT YAR= Y —#ET R KBS 5 LRGP G
5Ede4 5 = L5, Bifidobacterium  spp.lZ X5
EHEC &4eFifHfe1% Bifidobacterium spp. 7S¢
HFERICE DV FEINL Z LR LZ, 2NHD
WHEFHB L OBRIE, e I v 7 AT : 7o
INA KT 4 7 ADREREANT NS L 728 TH %,

B, YA 7 unNAg F—FBINICHIET 5 2

& TR EGER HRE 2 &0 AW b ATh T
W5, Kamada 513%, ~ ™7 2 O 5 1K B %3
ETVICBWTEHICEEN L EWHEEZ L& L
A HEO=RHIRYT 5 &, BEOM BRI TW»
5 RE I\ X A BFR12 % A2 o 72 Bacteroides J& I A%
BRO N 7243835 % Ko TR H & s a MRz

ML, IR 2 PR3 5 2 & 2t
LTWh, F72, NI A2 YT NI 7 AR ZIG

M L0 TId, & b OREICHFTET % Lactobacil-
lus  spp LB HE RO E W X - THa RGBT
DBZF/NIAT 24 (BIEFORBISY—2) 125
ROBIED 24T 4w 7 BAEADPWIEICR 5 2 &
ZFEINCEHE L T 5™,
. TRNAFT 1 7 ADERKISAH
TUANAFT A4 7 ADIRHEN TV B EREEIC
DWW, #F 10 4EH 272 o T PubMed (298K &
NC AR DOFELIL % Fig. 1R L7z, #
SR RSB IME I & 2 A%, EAETIE, R
LT LIVF = EOHALE DI OBRBITS T A H
EDOWE P EH STV,
1. BEBARBLUIETRE (FEITERREMEA)
NREHLE L7ZBIE%R, BHEBRIIST S
ONA F 7 4 7 ZADHMERE, 7 A4V A%k
KA THREZ PSR OIE T ADEES
NTWb,Z0—FlE LT, WMNNEHILE - T -
457542y (The European Society for Paediatric
Gastroenterology Hepatology and Nutrition ;
ESPGHAN) 73515 L 72 &2 BE 2 & FfE O T HIE &
TS N7z 1~36 7 HO/NE 287 Bl a Ky 5 & L 72
Lactobacillus rhamnosus GG (LGG) D% iz RCT
DFERTIE, TN, F T4 7 ZEPEEIC BV TE
FERE, BT B X AR ISR E A UEEAvR &
N, THIOFHGI M OEMEIZ S WS FRETR 2 ens
RS N2y AR T, EBROEERE L G L
72RCT DMEE FLOTRAIEHT L LT, £
DRNF % ZERIZEHI S 2 H LS Abh T
D, 7angF 747 2BV THIRHEINTWS,
JEHMERG 4212 L i, Cochrane Infectious Dis-
eases Group's Trials Register (2010 4F), The Co-
Controlled Trials Register (2010 4F),
MEDLINE (1966~2010 4¢) 5 & 0" EMBASE
(1988~2010 4) FEDEFHEFART -y N— A%
DAL L 7263 D RCT (56 13 /M JE & % ),

chrane
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Time trend of probiotics and several diseases in PubMed. gov (assessed in 31% August 2017). CD; Clostridium difficile,

IBD; Inflammatory Bowel Diseases, AAD; Antibiotic Associated Diarrhea, IBS; Irritable Bowel Syndrome.

8,014 FERBI & x5k & |72 systematic review D#E I,
TR O Fi e R o F2 A (mean  difference  24.76
hours ; 95% 159 to 336
hours ; n=4,555, trials=35), F#i®d 4 HLL D Ff
HelE DMK (risk ratio 041 ; 0.32 to 0.53 ; n=2,853,
trials=29) B X O"FEHE2 H B O F #i [0 £ o 5 A
(mean difference 0.80 ; 045 to 1.14 ; n=2751, trials
=20) BV THEAWARE R 7ONA T T4 7 A
MRDPRENTZe [, $§_XTORCT IZBWTT 1
INAXT AT ADRAZ L DEEREROMEH %
MolzZ s, Allen HiE, 7unNAF 747 A
DYEDEGNETHIE ISR L TEER>FHATH %
LREEROITTTW A,
2. MEAEFETAE (Antibiotic Associated Diar-
rhea ; AAD) & & U Clostridium  difficile B % i
(Clostridium difficile Infection ; CDI)

RGO 72O ISR AL PR E 2 T S Tw
B HEHEDOR20% 1B NTAAD % FBIET 5 ) A7
D, NHIEEEDHED L AR OER
2o %h3%%, AAD EHWFEHRGI2L 5~ 70
NAF =5 OFEFUC LV ERINDL D, ZORHE
& L C Clostridium difficile 73515 CTw %o A
&, EEIEIA 70N, F =512 ) HENTOR

confidence interval
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GEAPH S T 5 25, PUBEE % & T dysbiosis %
BRI ELREO D 5 HEHFG kS, FIHNI A
D LMERE ORI L CHE L, BEEEAT S
CETTHREEZ L& L72CDI 25 SH 5, K
EZB1F % AAD B &L O CDI O B IZB§ % 7
AT, 2013 4F 0 453,000 FEFI KT LIREFI & 72 D
$3427~$9,960 DEFRE;ME S Nzt @iEE T
W5,
1) AAD IS 2 T EINAF T 1« 7 ADERFREHR
Ritchie 513, FHHLAREEIIH T2 70
INA X T4 7 ADNE%E A Y EHT L, AAD OFB)j
RVGRSTUNAFT A 7 ADE =7y Ml ) 2
HZlEHELTWS (Fig 2), A#HETlE 7o
INAF T4 7 AN F EF R RERICAERNT
HBHIENREINTVEY, 2T, EEoTaN
AXT 47 A%W|E LA 7 7IOVEE L 1 HtkE
WS L ORBRERG SN K TuNA F T4 7
ADWH F5E) TLEORELXERL TWDHHT
BRI AEE O O S HE M OB LB T,
S. boulardii \& L. plantarum 3 & O° B. infantis X 1)
LEWIED DY, C butyricum & L. plantarum,
L. acidophilus, L. rhamnosus GG, L. plantarum
B LU B infantis &0 b ERIED Do 72 &L
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Pouchitis 0.17 (0.10-0.30)
TD 0.92 (0.79-1.05)

»

NEC 0.54 (0.23-1.24)
ID 0.35 (0.13-0.87)
IBS 0.77 (0.65-0.92)
HPP0.70 (0.54-0.91)
CDD 0.60 (0.41-0.86)
AAD 0.43 (0.32-0.56)

C. butyricum 0.18 (0.09-0.37)
E. faecum 0.29 (0.13-0.64)
L. acidophilus, B. infantis 0.37 (0.17-0.83)

L. acidophilus 0.82 (0.47-1.43)

B. lactis 0.59 (0.38-0.92)

L. rhamnosus GG 0.54 (0.39-0.75)
L. casei 0.42 (0.24-0.76)

L. plantarum 0.82 (0.65-1.04)

B. infantis 0.93 (0.78-1.10)

S. boulardii 0.46 (0.34-0.60)
VSL#3 0.17 (0.09-0.33)

0 0.2 0.4 0.6 0.8

12 14 1.6

Risk Ratio (95%CI)

Favors probiotics

Favors control

Fig. 2. The effect size (risk ratio) for gastrointestinal diseases and for probiotic species*.
(A) The effect size including the 95% confidence intervals for the total events of Antibiotic Associated Diarrhea
(AAD), Clostridium difficile Disease (CDD), Helicobacter pylori Positive (HPP), Irritable Bowel Syndrome (IBS), In-
fectious Diarrhea (ID), Necrotizing Enterocolitis (NE), Traveler’s Diarrhea (TD), and pouchitis during which probi-
otics were taken. (B) The effect size including 95% confidence intervals for the type of probiotic species that were

used to treat and prevent gastrointestinal disease. The species that were used were VSL#3, L. rhamnosus GG, §.
boulardii, B. infantis, L. acidophilus, L. casei, C. butyricum, E. faecum, L. plantarum, B. lactis and L. acidophilus com-
bined with B. infantis. Risk ratios below one favor the probiotic while risk ratios above one favor the placebo.

ENTWh, /o, SFEFLTUNSFT AT A
D7 T IVERKITH D VSL#S (SEME R B o IH

TH#R) & S boulardii, B. infantis, L. plantarum,

L. rhamnosus GG, B. lactis 3 £ U L. acidophilus
D EBHAFERERLIZE SN TS, KGN E
F1% RCT OHIZ1E Seki 5 OFEDARFFO 7 TN
AF T4 7 AZEBRCTELTYZ V= FENT
WaY, ZoMETIE, 11061 (EBRLAHA2S 15
i) O/NBERIZ, HUR IR OGN O
@&, C. butyricum MIYAIRIS8S ¥kA &H T %
A X v BM O R FE 5 T HE O FIH ) 5R =
BEfLTBY, JlRE L B TRG INTEEOR

P 3% T, MRS I O B 22 B & Y Bi-

fidobacterium DM DA & KT % 380, 59%

DEZEDVIEIERZFRZ 72023 L, Prii %55
G3HHDSH I Y BM 2 fEH L7-BETIEZF D5
JES % 5% FCIT &8, T/, MUHESELG G L
FEFZPEA L7-BECIE 9% F TR S8, ZOE
IR RIEDREN TN S,
2) CDCXFT B TOINAF T 1 7 ADEERINE
CDId 7unNgt 74 7 ANHCLENLERT
5D, ZOMEICHE L UEERO KD 5,
% 1%, IDSA/SHEA @754 K54 » 12X, CDI
KT 5TUNAF T4 7 ZADRRIEZE TV AH
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Fig. 3. Schematic image of the disease specific probiotics development (prepared based on Hill et al*®)
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Table 5. Development of Live Biotherapeutic Products (LBPs)

Candidates Target Characteristics of product Stage Reference
Bacteroides xylanisolvens Cancer Safety in humans has been established Human 71)
DSM 23964 while levels of TNFa-specific IgM have
been shown to be elevated in humans
Bacteroides ovatus D-6 Cancer Increases levels of murine TNFa-spe- Preclinical 72)
cific IgM and IgG
Bacteroides dorei D8 Heart disease Depletes cholesterol in vitro Preclinical  73)
Bacteroides fragilis ZY-312 Clearance of infectious agents Enhances phagocytosis and polariza- Preclinical 74)
tion of macrophages
Bacteroides acidifaciens Clearance of infectious agents Increases IgA levels in the large intes- Preclinical 75)
JCM 10556 (T) tine of gnotobiotic mice
Clostridium butyricum Multiple targets including cancer, Evidence available for indication in Human 45,50, 55, 64),
MIYAIRI 588 inflammation and infectious agents human and animal trials 76 ~ 78)
Faecalibacterium prausnitzii Mainly IBD but also asthma, Mainly focused on animal models of Preclinical 79, 80)
eczema and type 2 diabetes colitis and in associative studies
Akkermansia muciniphila Obesity, diabetes Controls intestinal epithelium func- Preclinical 81, 82)
tion to reduce the risk of obesity
Table 6. Development of genetically modified probiotics
Candidates Target Expressed genes Reference
Bacteroides ovatus V975 Inflammatory bowel diseases Keratinocyte Growth Factor-2 (KGF-2) 84)
Bacteroides ovatus V975 Inflammatory bowel diseases Transforming Growth Factor-f1 (TGF-£1) 85)
Lactococcus lactis Inflammatory bowel diseases Elafin 86)
Lactococcus lactis Autoimmune diseases, diabetes Trefoil Factor 1 and IL-10 87,88)
Lactobacillus jensenii HIV infection HIV-1 inhibitor and cyanovirin-N 33)

BOZERT 2 L) FICGE S, SIS~ &t
SRR, 23R4 2 R EW YIRS
7 URTRIRRD R & Bl L CRHINC & 2 W REMED S
D, A7 UNAF =S DRFEDRAL Y MDD
DEEZ DL, Hll Y3 hEFTcrTunNnttr4 7
VIR SN TV AAERICR L, RMIIZ LD
specific CTHO®EEZ T ICHHHSEONLHEEL
y =y hE LIBRENER SN T b0 L
LT3 (Fig 3).
2. FREFER Live Biotherapeutic Product (LBP)
DR

TR TaNA F T4 7 A, KRERHIF OB
HPLiEkEB ) Zmm BT CInA It b0 L, Hi
RO~ A 7 0INA F—8 /<A 7 aNAF — L5
DR S, BRI A RVESFHFIIZREA T
EDLEIEMM LI TBLT S Z L ER S AT W
5", BEFEGG L L TRIZENHED 51T 5 f
HEWF & Z OREMEEB L O HEER % Table 5 12
A~ L720 OToole 5%, —MAYIZH VS 1L 5 BESI
DT UINA F 5427 ATdD Lactobacillus  spp. =
Bifidobacterium spp.3 & BEEHE 2 0I5
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Probiotics—new era of research and development—

Motomichi Takahashi
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It has become widely known that the interaction between normal microbiota and the human biological
function is essential for homeostasis. Metagenomics studies have demonstrated that the microbiota influ-
ences several human diseases due to its dysbiosis. In fact, microbiota may even offer targets for drugs
that help to counter diseases such as gastrointestinal disorders (inflammatory bowel diseases, Clostridium
difficile infection, irritable bowel syndrome, etc.) as well as other systematic diseases such as obesity, al-
lergy, diabetes and so on.

Probiotics are defined as “live microorganisms that, when administered in adequate amounts, confer a
health benefit on the host” and have a long history of use in the food/feed chain or pharmaceutical materi-
als. The probiotic organisms that feature in these products have been sourced from the intestinal tract or
from soil and traditional fermented foods.

The results of the research into the composition and function of human microbiota by OMICS analysis
with deep sequencing, metabolomics and transcriptomics showed a dramatic extension of the range of or-
ganisms with potential health benefits.

In this article, I would summarize current topics of the use of probiotic organisms in the treatment or
prevention of several diseases related to dysbiosis and then introduce a potential future research and de-
velopment pathway/strategy for live microorganism products.
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