<)
Gut microbiota-mediated immune and metabolic dysregulation in

coronary artery disease progression and prognosis

Honghong Liu'-2%, Siqin Feng!-**, Lifeng Liang**, Muyun Tang?3, Yifei Wang?, Yiyang Wang?, TN o v o
Zhiyu Zhang?, Haiping Xing'?, Chenhong Zhang>®*, Ran Tian?*, Shuyang Zhang?>* i Met a T

I Department of Internal medicine, Peking Union Medical College Hospital, Chinese Academy of
Medical Sciences & Peking Union Medical College, Beijing, 100730, China

2 Department of Cardiology, Peking Union Medical College Hospital, Chinese Academy of Medical
Sciences & Peking Union Medical College, Beijing, 100730, China

3 State Key Laboratory of Complex Severe and Rare Diseases, Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, 100730,
China

4 01Life Institute, Shenzhen, 518000, China

> State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology,
Shanghai Jiao Tong University, Shanghai, 200240, China

6 Joint International Research Laboratory of Metabolic & Developmental Science, Shanghai Jiao
Tong University, Shanghai, 200240, China

Honghong Liu, Sigin Feng, Lifeng Liang, Muyun Tang, Yifei Wang, Yiyang Wang, Zhiyu Zhang, et al. 2026. Gut

microbiota-mediated immune and metabolic dysregulation in coronary artery disease progression and prognosis.
iMeta 5: €70147. https://doi.org/10.1002/1imt2.70147



https://doi.org/10.1002/imt2.70147
http://www.imeta.science/

INTRODUCTION

Oxidation de‘ﬁ:)s‘i;isn vﬁl;;r;BI: plaque Plaque rupture  Acute coronary syndrome

‘Age-standardised death rate (per 100 000)
W 2050 . [J 150to<170 -

B 0to<0 [T 170to<200

B 70t0<90 200t0 <250

I 0to<110 [ 250to<300

O 110to<130 [ 300t0 <400

[ 130t0<150 [ 40010 <535

flammation  Myeloperaxidase Thickening Pague  Calcium  Vulnerable plague/ Rupture Stiffening Blood clot

—— i  —e— W

150 -
107.5 11091 118.74122.04
S o 0496 9597 ¢ s
= 100 1 9141 . 17 e
D n0g7 "
: 105.27
- v 98.68
™ 57,1 i
461 4627
KR 4.
i T o 17 60 " g
ad B
) 2;5_7.__-_.—__...-»""-./ 4529 51.89
B 31374 t tt
. 068 2459 17 - c

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 (%)

422 2002~2017 EREE 2 X FORRTEETH B * Roth, Gregory A. et al. Journal of the American College of Cardiology , 2020
c (FEUCOLERRSERKRS) 2019



INTRODUCTION
%i?é M{iifrjﬁgjé
!

¢

Infegtion Metal?olism Diet and microl?ial metabolites
25 Invading - Choline/carnitine Dietary fibre
{3 ) bacteria Lipids A 3t

)

@%%@LPS

“§.

%Cholesterol
@ Macrophage

TMA Short-chain
fatty acids:
* Acetate
* Butyrate
* Propionate

%28 Proatherogenic FXR

e cytokines

dRCT

T Foam cells )
O Foam cell { Bile Platelet ¢ Systemlg
; activation inflammation
acids ?

(ﬁﬂaque rupture

Atherosclerosis

Annika Lindskog Jonsson et al. Nat Rev Cardiol, 2017



HIGHLIGHT

Baseline cohort
and multi-omics

Gut microbiota driving
atherosclerosis and thrombosis

10 B
(n=66)

LPS-TLR4
inflammation

©'®

__Th11,Neutrophils?

dysbiotic |
microbiota

2-VD
(n=71)

3D [\
(n=123)

J —any
Controls CAD patients \e/
(n=59) (n=260)
Bacteroides
- thetaiotaomicron
0..
) — 15n !

- P OH
Shotgun Serum (j\(

Aromatic amino acid

Detailed
clinicaldata  metagenomics metabolomics

Atherothrombosis

Longitudinal follow-up
MACE prediction

1.85-year
follow up
[Metabolites

Microbial co-abundance groups
Microbial functional modules

Iy

Survival

|

A

Microbial features — high risk




BASELINE CLINICAL CHARACTERISTICS OF THE CAD COHQORT

MLCA/LAD CFx RCA Gensini score
CAD (n=260) .
Control 1-Vessel Disease 2-Vessel Disease 3-Vessel Disease P Value 250 1
(n="59) (n= 66) (=11 (n=123)
Sex, M/F, n 29/30 41/25 51/20 89/34 <0.0012b¢ 2001
Age,y 51.54+10.2 62.219.1 61.41+10.8 6247 0.0132bcdefl g 150
Gensini score 29 (23,45.9) 44 (30.5, 63) 57.5 (38, 79.1) <0.001%f cg
w
Syntax score 5(0,9) 10 (6, 13) 13 (9, 20) <0.001%f & 100 4
Myocardial Infarction 8(12.1) 20 (28.2) 32 (206) <0.001%
SBP, mmHg 118.84+20.0 131.1£15.2 131.6+£15.3 128.6+10.8 (.01 [@bedef 50 1
BMI, kg/m?* 24+3.1 25.1+3.7 264137 25.8+3.2 0.296°% »99 E ﬂ 16 .
T T T | | |
Current smoker 8 (13.6) 20 (31.3) 38 (54.3) 60 (49.2) <0.0012bcde 100% B 32 1-vD 2-vD 3-VD 1-VvD 2-VD 3-VD
Hypertension 8 (13.6) 32 (48.5) 47 (66.2) 89 (72.4) <0.00]2bede Tomem— "
DM 0 14(212) 26 (36.6) 48 (39) 20,001 HC (N=45) 1-VD (N=42) 2-VD (N=45) 3-VD (N=82) P value
' ’ ' Physical situation (h/per week)

PAD 1(1.7) 17 (25.83) 12 (16.9) 39(3L7) <0001 Heavy intensity 0(0,0) 0(0,0) 0 (0, 0) 0(0,0) 0.5544
Drugs Moderate intensity 1.8(0,7) 0(0,3.5) 0 (0, 0) 0 (0, 0) 0.0048 b
Aspirin 0 55(833) 68 (95.9) 120 (97.6) 20,001 Light intensity 14 (7,21) 13 (5.5,21) 7(1.5, 14) 10 3.5, 14) 0.2211

P ' ’ ’ ' Walk 7(3.5, 14) 7 (3.96, 14) 7(3.5, 14) 7 (4.05, 14) 0.9507
b-blocker 0 41(62.1) 57(80.3) 103 (83.7) <0.0012bcde sit 35 (21, 42) 35 (28, 49) 42 (35, 63) 42 (28, 56) 0.0895 b

ACET/ARB 0 33 (50) 38(53.5) 64 (52) <0.001%¢ Body weight situation
shee 1. lose weight 17 (37.8%) 7 (16.7%) 7 (15.6%) 9 (11%) 0.002 e
CCB 0 18(27.3) 28(394) 3D <0.001 2. gain weight 1 (2.2%) 1 (2.4%) 0 0 0.399
Statin 1 (17) 62 (939) 67 (944) 123 (100) <0.0012b¢ 3. none 27 (60%) 34 (81%) 38 (84.4%) 73 (89%) 0.0012b¢
Metformin 0 6(9.1) 11 (15.5) 22(17.9) <0.001%¢ Bristol score
PPI 0 14 (21 2) 1 (15 5) 41 (33 3) <0 001abcf Type 1, very constipated 0 2 (4.8%) 1(2.2%) 0 0.141¢
: : : : Type 2, slightly constipated 2 (4.4%) 3(7.1%) 5(11.1%) 9 (11%) 0.578
Laboratory data Type 3, sausage shape with cracks 6 (13.3%) 13 (31%) 11 (24.4%) 25 (30.5%) 0.156 %
WBC 56+29 69+1.8 72424 73+13 <0.001abcd Type 4, smooth, soft 27 (60%) 17 (40.5%) 20 (44.4%) 35 (42.7%) 0.216
TC T T 18(33.43 1034 19 0,001 Type 5, lacking fiber 8 (17.8%) 4(9.5%) 5(11.1%) 5(6.1%) 0.225¢
6(4.1,54) 9(3.2,48) 8(3.3,43) 034,49 : Type 6, mild diarrhea 2 (4.4%) 2 (4.8%) 3 (6.7%) 7 (8.5%) 0.783
TG 1208, 1.6) 14(1.0,1.9) 1.3 (1.0, 1.9) 1.5(1.0,2.1) 0.05 12 Type 7, severe diarrhea 0 1 (2.4%) 0 1(1.2%) 0.6
HDL-C 1.2(1.0,1.4) 1.0 (0.8, 1.2) 1.0 (0.8, 1.1) 0.9 (0.8, 1.1) <0.00120¢¢ Dietary intake
) 598.2 108.9 100.5 101.3 -
LDL-C 2.8(2.3,3.3) 2.1(1.7,2.7) 2.2(1.8,2.6) 2.3(1.8,2.9) <0.001%¢ Protein (103.4, 1834.4) 814, 164.2) (789, 140.8) (82.7,137.5) <0.0001°*"
hs-CRP 0.7 (0.4, 1.1) 1.0 (0.5, 2.5) 1.6 (0.7,3.9) 1.8(0.7,4.4) <0.001% . 2243 98.4 105.9 1035 ol
ail A
Glucose 5.7(5.2,7.2) 6.3 (5.4,8.0) 6.9(5.5,8.7) 6.9(5.9,8.5) 0.011% (27.5,560:2) (73:2,139) (67:5,147.6) (828,145:5)
) 37.8 25.8 26.5 242 .
c¢Tnl 0 (0, 0) 0.004 (0, 0.0223)  0.004 (0, 0.143) 0.009 (0, 0.072) <0.00120c¢ Fiber (22.3.96) (16.6,37.7) (19.4, 38) (17.5,33.6) 0.0612
TNF-a 9.7 (4.4,15.8) 20.9(15.8,35.2) 19.9 (15.0, 47.6) 20.5(15.8,55.3) <0.0012b¢ . 160.1 360.6 309.8 341.9
Carbohydrate <0.0001%¢

(83.9, 342.8) (265.9,544.4) (251.7, 501.7) (254.2,511.9)
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))) CAD-SEVERITY-SPECIFIC MICROBIAL FEATURES PREDICT MACE DURING FOLLOW-UP

Follow-up Study

Variable CAD participants P-value
1-VD (N=66) 2-VD (N=71) 3-VD (N=123)

Study follow-up

Missing — no. (%) 11 (16.7%) 8 (11.3%) 15 (12.2%)

Median duration (IQR) -yrs 1.84(1.492.11)  1.94(1.52-2.17)  1.708 (1.48-2.10)

Primary endpoint- no. (%) 2(3.64%) 5(7.94%) 8 (7.41%) 0.5844
All cause death 0 (0%) 2 (3.17%) 3(2.78%) 0.434
Nonfatal myocardial infarction 1(1.82%) 2(3.17%) 4 (3.7%) 0.81
Nonfatal stroke 1(1.82%) 1(1.59%) 1(0.93%) 0.872

Secondary endpoint 6(10.91%) 9 (14.29%) 23(21.3) 0.2009
Hospitalization — no. (%) 6(10.91%) 9 (14.29%) 22(20.37) 0.2644

Unstable angina 5(9.09%) 7 (11.11%) 18 (16.67%) 0.351
Heart failure 0 (0%) 1(1.59%) 3 (2.78%) 0.446
Arrhythmia 1(1.82%) 2(3.17%) 2 (1.85%) 0.826
Other reasons 0 (0%) 1(1.59%) 2 (1.85%) 0.609
Procedures — no. (%) 2 (3.64%) 2 (3.17%) 14 (12.96%) 0.0293
Coronary angiography 3(5.45%) 8 (12.7%) 14 (12.96%) 0.318
Revascularization PCI 2 (3.64%) 2(3.17%) 12 (11.11%) 0.081
Revascularization CARG 0 (0%) 2 (1.85%) 0.335

Follow up: CAD patient, N = 226

Time: 1.85yrs (1.5-2.15 yrs)

Missing rate:

13.1%

Total MACE =43
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TRANSMISSION OF ATHEROSCLEROSIS SUSCEPTIBILITY TO MICE VIA FMT EXPERIMENT
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D-ASSOCIATED MICROBIOTA EXACERBATE VASCULAR INFLAMMATION AND SYSTEMIC TH1/TH2
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_ D) SUMMARY

U In a prospective cohort of 319 CAD patients, we employed an integrated multi-omics approach
combining metagenomics, metabolomics, mechanistic experimental validation, and machine learning-
based predictive modeling to characterize the dynamic gut microbial shifts during disease progression
from early to late stages.

U Fecal microbiota transplantation from patients with CAD transmitted susceptibility to atherosclerosis
in antibiotic-treated ApoE -~ mice, accompanied by microbiota-induced vascular inflammation

mediated through LPS—TLR4 signaling.

L Machine learning identified gut microbial features that improved prospective prediction of MACE.
Gut microbiota-derived aromatic amino acid metabolism was associated with thrombotic risk. Gut
microbiome in CAD progression support the development of microbiome-based strategies for
cardiovascular risk prediction and prevention.

Honghong Liu, Sigin Feng, Lifeng Liang, Muyun Tang, Yifei Wang, Yiyang Wang, Zhiyu Zhang, et al. 2026. Gut
microbiota-mediated immune and metabolic dysregulation in coronary artery disease progression and prognosis.
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