Targeting keystone species helps restore the dysbiosis of butyrate-
producing bacteria in non-alcoholic fatty liver disease

Dingfeng Wul-2# Lei Liu*# Na Jiao' *#, Yida Zhang?*, Li Yang®, Chuan Tian?,
Ping Lan3®, Lixin Zhu3® %7 * Rohit Loomba® ~, Ruixin Zhu® %~ |MEta

. VOLUME 1w ISSU[ 1e M!\RCN 2022

...........

!National Clinical Research Center for Child Health, the Children’s Hospital, Zhejiang University School of Medicine, Hangzhou 310058,
Zhejiang, P. R. China.

2The Shanghai Tenth People's Hospital, School of Life Sciences and Technology, Tongji University, Shanghai 200072, P. R. China.
3Guangdong Institute of Gastroenterology, Guangdong Provincial Key Laboratory of Colorectal and Pelvic Floor Diseases, the Sixth
Affiliated Hospital, Sun Yat-sen University, Guangzhou 510655, P.R. China.

4Department of Biomedical Informatics, Harvard Medical School, Boston, MA 02215, United States.

SState Key Laboratory of Biotherapy, West China Hospital, Sichuan University and Collaborative Innovation Center, Chengdu, Sichuan,
P.R.China.

6Department of Gastroenterology, the Sixth Affiliated Hospital of Sun Yat-sen University, Guangzhou 510655, P.R.China.

"Digestive Diseases and Nutrition Center, Department of Pediatrics, the State University of New York at Buffalo, Buffalo, NY14214,
United States. o . g i
8NAFLD Research Center, Division of Gastroenterology and Epidemiology, Department of Medicine, University of California San Diego, R T > ;
La Jolla, California 92093, United States. - WILEY ° * '
9Research Institute, GloriousMed Clinical Laboratory Co., Ltd., Shanghai 201318, P. R.China. R

Wu, Dingfeng, Lei Liu, Na Jiao, Yida Zhang, Li Yang, Chuan Tian, Ping Lan, Lixin Zhu, Rohit Loomba, Ruixin Zhu.

2022. Targeting keystone species helps restore the dysbiosis of butyrate-producing bacteria in non-alcoholic fatty
liver disease. iMeta. e61. https://doi.org/10.1002/imt2.61 1



https://doi.org/10.1002/imt2.1
http://www.imeta.science/

Natural history of NAFLD

Introduction

Histologic features of NAFLD

Risk factors / \
Obesity, glucose, fructose, saturated fat, genetics, and diabetes
: NAFLD
; Imaging (Non-alcoholic fatty liver disease)
¢ biomarkers o
' ) * Presence of steatosisin > 5%
?-) hepatocytes
> « s
S,} e Minimal alcohol use
. A ¢/~ | © Biopsy consistent with NAFLD B
; Lifestyle and | * No other etiology for liver disease
! Imaging i pharmacological | * No secondary causes of NAFLD
Ve i intervention: . $ $
biomarkers : >10% weight losst, . Girthosis and HCC Medications
| o/ ! healthy diets, . - HIV
[4 + metabolic and ' B
)\ ! antifibrotic drugs i w Llpodystrophy /
g : v \
. A | Y Y
) | Lifestvle and ; A 2 : =
maging L armacological | NASHa A Fbross NAFL (non-alcoholic fatty liver) NASH (nonalcoholic steatohepatitis)
~ intervention: . Non-progressive Progressive
1 =10% weight losst, i v r; L3 - 4 il
S | healthy diet, ' CVDanddiabetes Yt BALSOT Tolww TSR . P S " 8 e
S‘ » and metabolic drugs " s ¥ig Y P - = 4 S 2 S04 S s - ey " el N -y S gy |
' ' Fatand e e ) o 3 { J 0 ot @ g L ! gt o e 0 Ll
v GEI‘IEtICS?<: fibrosis 7318 x4 | - L o > ' . ., - g ',~ B - < =7 & " » <& - -_‘ . - N .
i NASH " | Vo ks, e e on By =i W S T By
::lf;nr\g:‘tion: —i (( { ~ @ Wiedys WAL o5 g K ; lp? FREETN 4 e .
5—3%weightloss‘“ ! P ,'_- - g g ¥ . 3™ o 24 . ) R
and healthy diet Fatand bl ot ) v 7 ,’.‘».’. ). - : < . . : » p
- 5 ...: .". . . 3 - , .- ., 4 ; s . . . . ’ .
Isolatedsteatasis/' ) .”"” s i P& 4 '. » '.- o J Tk N aa's o Py S
Fat zind . - " " \ ' e ' . _ ; v 4 - . - . N ’
Genetlr_s?<: fitiresis S e ' > - h . 5 \
(C B, 48 o) “" A . x » % a g ) < .
., | 3 > ' < ) | ror y . -
L B @ L » ] . - ’ -y - “a » L . N\ ” . 1 d A » <
(( ’ " i e . 4 s B ;. & LI . Y. ’ 3 , .
S ] . y :: .‘ » : - e '. 1 g .‘- » e '.‘ "“ \'C‘f. .
— “% @ i W p BB ~ g Ballooned H -
b ‘. - . A - ~‘v L e, -y r ) 5 y 2.5 % N
9 A SV 27 e AL S hepatocytes )< s
| Lifetime > Jh. . ' P - R - & i Q"

Stefan, N., et al. The Lancet Diabetes & Endocrinology. 2019. Loomba R, et al. Cell. 2021.

2



Introduction

Multiple hit hypothesis for the development of Key mechanistic pathways involved in the gut-liver axis in
NAFLD NAFLD progression
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Introduction

Treatment targeted gut microbiota Structural complexity of the microecosystem
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Introduction

Keystone species in food web Keystone species in microbial interaction network
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Introduction

Common microecosystem modeling methods
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Introduction

Dynamic intervention simulation Dynamic changes during intervention
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Study design

Gut microbiome Co-occurrence network Interaction network Keystone species identification
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Results

Abundance changes of the gut microbial species in obesity and NASH.
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Keystone species of NASH drive the changes of the diseased gut microbiome toward a normal microbiome.
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Keystone species of NASH drive the changes of the diseased gut microbiome toward a normal microbiome.
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Results
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Potential mechanisms for the keystone species to impact the NASH microbiome.
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» The dysbiosis of butyrate-producing bacteria is a critical factor contributing to the development of NAFLD.

» Causal algorithm intergraded with ecological theory and dynamic intervention simulation could mine microbial

keystone species from metagenomic data.

« Keystone species of NASH, such as P. loveana, A. indistinctus and D. pneumosintes, provided potential precise

intervention strategies for NAFLD treatment.
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