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Therapeutic perspectives of intestinal probiotics A. muciniphila in
metabolic disorders

PENG Dian, HU Zhuo-wei, ZHANG Xiao-wei"

(Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050)

Abstract: Akkermansia muciniphila (A. muciniphila) is an intestinal bacterium that was isolated from human
feces in 2004. Its specialization in mucin degradation makes it a key organism that maintains the intestinal mucosal
barrier function. A. muciniphila, which is the only representative of the Verrucomicrobia that can be cultured, is
relatively easy to be detected in metagenomic analysis. For the past few years, A. muciniphila has quickly attracted
the attention of researchers and become a medical and biological hotspot due to the close correlation between its
intestinal colonization and the development and progression of various metabolic diseases. This review introduces
the biological characteristics and colonization environment of A. muciniphila, and reviews its relationship with
host health and disease, especially focusing on the metabolic disease and related mechanism, as well as the factors
affecting its colonization in the host, expecting to provide evidence and clues for drug development targeting
A. muciniphila.
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TF s s1a

A. muciniphila 2B, PLEF T 5 LA B ot

BAFLE, J& T 5 = IV, Joigzhtk, A muciniphila MucT
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PRAET WLAE . A muciniphila 004 25 35 P R IR 4
B, H 5 H At DR AR 38 58 Ji 3 Wi 55 4004 B (Bacteroi-
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TET V2 W A3 /)y BRI A BRUY  f BR 22
JA B3, A 124 Do DL % SR L 3 40 g g 1290 | 32
FpE a7,
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PE, JF 0] 58 A BT K & 75 5 AR M P 1 R ILE . 3K
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Figure 1  Effects of A. muciniphila on host metabolism. A. muciniphila has been found to be lower in conditions such as obesity, diabetes,

intestinal inflammation, which is associated with an altered gut barrier function leading to an increased plasma lipopolysaccharide (LPS)

levels and further triggering low grade inflammation and metabolic disorders. A. muciniphila as well as it's membrane protein Amuc_1100

have been shown to restore gut barrier function by activating toll-like receptor 2 (TLR2) and restoring tight junction proteins expression
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muciniphila = 52 5 75 I 1 0% | B8 LU RN B2 T R 07 4 i
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B2 AR LI S AR, BFE SCE R R R
BRURME S o LA, Jr3E AR R 5 I 2 B IR i 9T (A1 BAAE —
TN RRIE 5 vh A B, 7 R B 2R R 1) S22 b, s R K
RS A1 S, A muciniphila (32 5 2 & R, tat
Je Uk, 7EPRE B IN A BN, A muciniphila 2 %5 B L4
L iR B AR, R B — P ORIE R o R =
()32 P T B A SN, B AR B )
AR,
2.2 A. muciniphila S#EFR% Hanninen 54308 1ol Ly
4y 1=K 11 Jackson Al Taconic SZ 5 5 ff NOD /s il B
PRI AR 26, I Jackson 256 = NOD /I B 119 15 9
F A 5 A muciniphila®g 5%, T HFSHE A. muciniphila 25
Jackson NOD /)N B, RE PR AR HE B R 03 i 22, B4R L
1] 5 {12 325 86 Y 23 W 3G N0 R IR Reg3y i L FEAIG I 5
PN T 3R KT R B 5 B2 A 304 I 3 m i & v 1) Foxp®
Treg 40 M 5% . SR, 76 %+ 345 51 v [ 2 7Y K R 95
(type 2 diabetes, T2D) £ 35 % il 5 N BE 1) 3548 43 &
B, 5 i JE 6k R A EE, Akkermansia J& 7E T2D B
RNFE W, XA RE AR BT R AR ZE 5T
RN O 2 IR 5T R BT, A muciniphila B]
U3/ 7 38 S5 e il O R i B FK AR . Chelakkot 28 1S14T:
i 7 A. muciniphila fi7 4= 1¥] 48 i #F % 4. (Akkermansia
muciniphila-derived extracellular vesicles, AMEVs) X} %
EHEER T ER . fEE KB, 5 T2D B ML,
i FE X BN 1) SE(ERE AR AR 72 30 2 (1 AmEVs. 64,
AMEVs 45 25 84 58 1 5 R R & 15 5 00 PR N BT
i 3 B T T R, PR A D O ks T
%o Jihh, FIX TR 1A I b B S TR 1) 25 i e 2
(Caco-2 41 i), & I AmEVs fg [% A% fig £ B 4k 2 11
Caco-2 4 it 1) 387 M, T ds B R W AT B 1 40 B A 2
(extracellular vesicles, EVS) 3% 2 3 520 . iX 645 R
FE7R AMEVs AT L 1 [l 1 i & v, ATk — 20 o0
JEK B S /N B D RE 2R L .
2.3 A muciniphila S E bR/ 75— T R
JH 9 () BIE FE  R B, E R RS M DT 2R JH % (alcoholic
steatohepatitis, ASH) & # J 18 K ¥ i % (alcoholic
liver disease, ALD) /) i B B4 3% ff 1 A. muciniphila 3=
FE A . #E B 45 T A muciniphila B8 38 0 552 5
M % &R ARE, ik ALD /MR IGIE bt e &,
=l o = SR v TR R Al 1 s L P o
Ab, TR BT 18R 5 O E N bR (Apoe™) 7 R
K REEAL AR R B AL muciniphila i B HE S, WiE R

Jo T8 e Bt R AR P 3R ITLE 5 3 19 2ORE SR, 250
3 B0 ik s AT A AR 1T

E A 2 W7 % B, A. muciniphila 5 4 i M i 9%
(inflammatory bowel disease, IBD) #H 5148501 png 44501
RILAE 1BD F 3 v, R0 R A B e T B S, T B A
muciniphila i) & /b, 5275 1% @ T 5e A T R P R AR
F o 7F % % i 6% TR B4 (dextran sulfate sodium, DSS)
75 1 45 i R/ B b, 248 T AL muciniphila A1
Bacteroides acidifaciens ff] EVs [£{. A. muciniphilafit
A2 B EVs B AR A F50AL 2R ek /D 1 46 g b R 48 i R K
H# EVs 15 3 B0 R A 7 IL-6 (87 4E . 4k, H
2% F A. muciniphila EVs i& 8 M4 3% DSS i 5 10 1 &
FAY, LA R 45 I A RN 45 i BE T 9% 1 20 IR
B A I R LE S bR AR AR, FE
A. muciniphila i) 5 5 55 1) 7™ HRE FE R ARUAH OC12

b Ak, 2 U st s R, SRR R 1
G5 A VI RS B R, R vE T
SECHR 7 A VR s HE I OS2 AR R A B TS i 1 1 A
G AR RY, —LkEE W I E A, A
J& (Lactobacillus spp.) F1 A. muciniphila, 7] @i PA_F 7
FhHLH AT 05 O A 2R, 55 46, Zhang 2554993
T AR E T IR R E SRR B S TFAREA
R, KL 55 % F A J5 A muciniphila 1) 3 £
B

VF 2 W 9T 3R B, e 1) R AR K 0 5 T AR P T R
AR, —UE R (W) T s T 1 S
FEBT, 5 T8 A B S A AR R A B R A RE RS i i
T4 AL I8 iR AE K, Dingemanse 2515613 52 3] iz i 4 S
Apc RAZ/IN BRAE T LA EE R LA SR AR B85 T 72 2R
GUEAINELY 7B=N 71 R B v R S A S E LY
DNA € i PCR 43 #T & FW, H. typhlonius F1 A. muciniphila
TR ol R A RER 58 A IR N B P AR ALE T A ARG T A
IR/ B R . 7E Apc FRAR /N R U e B IX
PR TR E 3 iz 3 i Rg s B T (RN e B A R U
SR/ IR H , $R oI I A TR AT RAIR S /)N B i TE
AEWIRELEL R, 5 Ji7p 3 MR () K BE . Routy S5 B7 A B
T £ 3 6 B 1) PD-1/PD- L1 Bl ) G 2 K 25 40 o) 51
(immune check point, ICI) o4 7™ 4 1 5 iz 1 B4
A . PrA AN 1CH X B ST A B 19 11 PR
70 508 ICBUE R e i 8 2 (%) S (8 T AR W B
TR ECE PUAE RS 25/ W, T BAXE PD-1 B I )
MIPURIE T o ZEME I 2 R R 20 5 i B, I PR Bt
ICI A B2 M 1% 5 A, muciniphila B A% E EEAH G . #E A
XF ICH AN b e 5 2 S5 Il A M A 10 [R] B 1 IR 1B
25T A. muciniphila, G {2k CCR9* CXCR3* CD4* T itk
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O 24 i 1 b e PR 54, AN T VK 52 PD -1 BEL 7 751 1 470 /MR
TEH

T34, Wang ZE08k LR IOMUE ) L, I TE AR
RS MR A T B, HoH SUECH B A AL muciniphila
(RIAEXT 2 FERRAG . ARE PR ) L2 I B A A s H TV
TR W Bf, Faecalibacterium prausnitzii. A. muciniphila
(R B 3 b, I T B AR 3 23S T, Olson
SOV B BT SR N T AR R AR B YR T M VA PRI 1
£ FI ML B 5 A, muciniphila 4 5%, 4 B IR & 1 iz 38
A. muciniphila I Parabacteroides iX /% f i B & 4, H
$2 DR %: T A. muciniphila #1 Parabacteroides i 1F & 1K
B/ B A AR ORI VE I o B BR TR ZRAE I AR 1
6 rp R 2 DG BN BN OCTT 8, Wang SF IR X
AN 2 (AR F 45 S 0T g 5 AL muciniphila £ 5% 78
it 2 15 /g 77 W4 181 (sulfatase-secreting bacteria, SSB) #l
iR £h 8 i & (sulfate-reducing bacteria, SRB) ¥ A it
FEAEK, A muciniphila IE % fAER A4 T, SR CH =
1 g 91T 4% 1M 7E SSB A1 SRB i A K, FELA.
muciniphila i) A4 K 52 31 58 4 VE A 1R 2620 T, R B
R INE KT R
3 ENFEIEHEM A muciniphila FE S MEZ

I AR R B FUUE ST A 3R B RUE ) 2 AR 7T
245 % 2%k AL muciniphlia (1) i 38 52 58 77 AR S 35 S
$e 7 18 I O R £ 45 e B2 ) T T v i R R
A. muciniphlia ¥ = BEK 0 g A=A G Rlgm . A
HTNAH SCHIT T N AT TGS, HAR N 2R LR 100278
31 MEZE PAERIFERNIENEETE, AWM
— AR LI, ST RENERS R
Akkermansia J& B #f HI R BB K . H I K E 0 BT
S5 RFET 16S RNANFE, 7R 2 1% AL B 1 18 B
AR B, A REE B R AL SR I B a0 &
IR Z 1500 Rt e & A RS THiERE, K
At TR 52 B R (15 0 R, AL muciniphila (#2600 2
R MmN . £S5 B F, A muciniphila
B PR 6 i 15 B (M 0 1 VK FE minimum inhibitory
concentration, MIC = 0.7 mg - L) Wk 7 75 Ak/Ath 1 £ 35
(MIC =0.7mg-L?) F58 /)% % (MIC =0.38 mg-L™)
J&, (HX} 5 (MIC > 64 mg- L), HAEME (MIC > 64
mg-LY) MEFHE G (MIC = 2.8 mg- LY £ i 24 P63,
XM T OARIRE T R R 2 R, AR
I 2R F, (ENOD/NRTE T B R A28 H 2
J&, B fi fEAE #E A, muciniphila 76 B fi 18 25 72 0 5E
B, A RN AL A A B2, 7 Dubourg 251 4T 1) —
TG RBE H, B4 2 E ) il Hi Ak 29T A,

Akkermansia J& b Ff X 38 GE, A6 3 B A 80%, H.
P AT 52 AR E oA DB B I e, X — W i
B R R AR TC I A EAE R . Rl i — I
W T2 B, A A 28 SR T & TR k) BRI W 7E H Akker-
mansia J& ) € FH 0. 3 Ak, —r 2 p- N Ik VR T I
¥ 6K J5 Akkermansia J& ) FH X B 184 Jypytesl
32 RYIRIEMZEETTT AR RREE S —M
wi AL T, BE 52 W L 100 Al AN [A) 1) 4» 263 . Everard
212931 % Fi A, muciniphila 75 8 /% AR & i S 1 I8 e
FRE PR I5 /N B i 38 AR ) B R R R R, T A
muciniphila B AF % 3 B 7E $ N 1% A2 o0 f5 35 0 T 100
UL b

Z Wy 2 520 A, muciniphila B #E R — K H
LY J5T, Anhé SE TE S 2 Y 1Y) B % B L) Re
B2 1 N i 1B Akkermansia J& 3= B, X il RN AE 23
e i 7 v TR R R 5 I A 2R B AIE ke A O
ER . SibgiR—3 002, Z i — Uk s 5T R 8,
TEAR SN B I AE M AR 75 R Gi b, AT 2% B 4T 4 7 7
&) AR I 2 VR A P R AR 3 I AL muciniphila (1 3
FEUS, FHEME, BT mERFEDNRSERZHmBE A
muciniphila it (5 % 18 B Lb 51 38 I A4H 5SE0, Roopchand
SEBN ) — TR SR W, M A 2 M R T A
muciniphila i A2 4, FFBEAR 1 B RE b R BE GO0 FOUAT 3
LA, IX 5 2 BT DS AE A B T 4 R A Ak RT DA
TR 5 0 R R RO AR S 7 P R T — B

oAt — SR 2 R £ Rt AT DABE I AL muciniphila
(1 %5 5, Reid 8520 IR £ Ao\ 28 A2 0 2F 4 g 3
T 53918 77 5 6 (¥ K B T8 AL muciniphila () 7 B2
Al REA B T o AR R AE . SR AT B 45 R R
W, /N B v o B 2 R AT 4R 3G N g JE A
muciniphila (1) FEE. 53 43R0 E i RO | g 57 Zk o8l |
N AR S W AT 1) — 2 B s KAk B, L HE TT R BRI
R e NN AW A N /DN R Y 2
Jie U8 21 8 K e ST By W 0BT B L R S P LMG
P-28149071 S K AT A= [ TV A0 1 Bk Ak S A0 22 04
2B BE 1 N7 3 A. muciniphila 50
33 ¥ REM LA E NIEE KA (non-caloric
artificial sweeteners, NAS) #& t 7t b H £ ) 2 &
EN NG —, BT IR B B A R, G A A
% 4270, H Suez 5 T A L, NAS RE il 1d 42
i 3 A ) 5 e i 5 T RE AN T 52, 16S RNA I F st
DIE]NAS fEAE /N 5P 18 B A muciniphila 3= £ F#AIG.

TR AT TR T 2 TR BR O B e T
2i 2 —, WRERZ A I T8 R 4544 . Shin SRR 52 % B,
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Table 1 Recent studies about interventions that affect and regulate the abundance of Akkermansia in vivo. FODMAP: Fermentable oligo-

saccharides, disaccharides, monosaccharides and polyols; FISH: Fluorescent in situ hybridisation; gPCR: Real-time quantitative PCR; IBS:

Irritable bowel syndrome

. S . Akkermansia Microbiota Analysed
Intervention Intervention time Subject . . . Ref.
population analysis approach time
Vancomycin 8 weeks NOD adult and A. muciniphila significantly 16S sequencing One time point 62
infant mice increased, accounts for
more than 80% in total
bacteria
Combined antibiotics — Patient infected by A. muciniphila significantly 16S sequencing Before and after 63
(including doxycycline, Coxiella burnetii increased, accounts for intervention
hydroxy chloroquine, more than 44.9% in total
piperacillin/tazobactam bacteria
and teicoplanin)
Imipenem 10 days ICU patient A. muciniphila significantly 16S sequencing Before and after 63
increased, accounts for FISH intervention
more than 84.6% in total
bacteria
Tylosin At days 10-15, 28-31 C57BL/6J mice Large blooms of 16S sequencing  One time point 64
and 37-40 of life Akkermansia
S-Lactam - Patient Akkermansia significantly ~ 16S sequencing Before and after 65
increased intervention
Oligofructuse 5 weeks for ob/ob ob/ob mice or high-  A. muciniphila significantly gPCR One time point 29
mice or 8 weeks fat diet induced increased
for C57BL/6J mice C57BL/6J mice
A polyphenol-rich 8 weeks High-fat diet Akkermansia significantly =~ 16S sequencing  One time point 66
cranberry induced C57BL/6J increased
extract mice
Conjugated linoleic acid 54 days High-fat diet A. muciniphila significantly gPCR One time point 67
induced C57BL/6J increased
mice
Oats 4 weeks Female C57BL/6J A. muciniphila significantly gPCR One time point 68
mice increased
FODMAP 21 days Patients with IBS Low FODMAP diet gPCR One time point 69
and healthy reduced A. muciniphila
individuals abundance
Whole-grain barley 4 weeks Male Waister rats A. muciniphila significantly 16S sequencing One time point 70
increased gPCR
Polyamines 4 days BALB/c mice A. muciniphila significantly FISH One time point 71
increased
Red pitaya betacyanins 14 weeks High-fat diet Increase the relative 16S sequencing  One time point 72
induced male abundance of Akkermansia
C57BL/6J mice
Bifidobacterium animalis 1 week High-fat diet Increase A. muciniphila gPCR One time point 73
subsp. lactis LMG P-28149 induced male abundance
C57BL/6J mice
Feruloylated oligo- and 8 weeks High-fat diet Akkermansia significantly =~ 16S sequencing Before and after 74
polysaccharides induced male increased intervention/
C57BL/6J mice One time point
Non-caloric artificial 11 weeks Male C57BL/6J Reduce A. muciniphila 16S sequencing/ Before and after 75
sweeteners mice abundance Metagenome intervention/
sequencing One time point
Metformin 6 weeks High-fat diet Akkermansia significantly ~ 16S sequencing  One time point 76
induced male increased
C57BL/6J mice
Flos Lonicera 3 weeks High-fat diet Akkermansia significantly  qPCR One time point 77
induced male SD rats  increased
Fermented Rhizoma 2 weeks High-fat diet Akkermansia significantly ~ 16S sequencing  One time point 78

Atractylodis Macrocephalae

induced male SD rats

increased
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