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Leaky Gut syndrome
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vicious circle
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Uremic toxins Short-chain fatty acid

Cross-sectional study

Prof. I-Wen Wu



FINRISK study
Shallow Shotgun Metagenomics Sequencing



Gut. 2025 Sep 8;74(10):1624-1637

Faecalibacterium prausnitzii msp_0265 as 
protecting kidney function

Uremic Toxins precursor-producing species
Desulfovibrio fairfieldensis msp_0295, Bacteroides 
clarus msp_0063, and Blautia obeum msp_0722 as

The French Chronic Kidney Disease-Renal Epidemiology and Information Network 
(CKD-REIN) cohort study
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Cell Host Microbe. 2025 Oct 8;33(10):1715-1730

CKD + HF
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E. coli may contribute to the upregulation of IS via tryptophanase (TnaA)

CKD + HF



Gut. 2019 Dec;68(12):2257-2260

Indoxyl sulfate (IS) - Tryptophanase
gene is present in some common 
species of Bacteroides, including B. 
thetaiotaomicron (B. theta), but not 
in other Bacteroides species

Cell Host Microbe. 2016 Dec 14;20(6):709-715



16srRNACompared high vs low IAA level in hemodialytsis patients

“Bacteroides thetaiotaomicron”

Bacteroides cellulosilyticus

Fusobacterium mortiferum

Parabacteroides merdae

Bacteroides finegoldii

Biomedicines. 2024 Jan 10;12(1):148



The correlation between specific Bacteroides species and 
baseline clinical biochemistry in hemodialysis patients

16srRNA

Biomedicines. 2024 Jan 10;12(1):148



Toxins (Basel). 2022 Sep 20;14(10):648



Front Vet Sci. 2025 Jun 18:12:1590388.
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Toxins (Basel). 2020 Dec 21;12(12):812

Potential contribution of different size groups of uremic toxins



Uremic toxin: EUTox reclassification: size and toxicity

Clin J Am Soc Nephrol. 2021 Jul 7;16(12):1918-1928



Toxins (Basel). 2018 Apr 13;10(4). pii: E155



Absorption, and excretion pathway of gut-derived uremic toxins

Gene SNP Toxins (Basel). 2021 Feb 13;13(2):142



Kidney Int. 2020 Jun;97(6):1102-1104



「gut microbiota」的圖片搜尋結果

Circ Res. 2017 Mar 31;120(7):1183-1196
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Remote sensing and signaling: metabolites as signals for 
inter-organ communication

Nat Rev Nephrol. 2019 May;15(5):301-316



Pathological role of organic anion transporters (OATs) in the 
progression of uremia, atherosclerosis and kidney bone disease.

Ther Apher Dial. 2007 Oct;11 Suppl 1:S27-31 



Nutrients. 2025 Jun 9;17(12):1961



Indoxyl Sulfate ≦2.233 μg/mL 
(N=294)

Indoxyl Sulfate > 2.233 μg/mL 
(N=455)

p value

AGE 66.0 (12.4) 67.7 (12.2) 0.0581
Male 217.0 (73.8%) 285.0 (62.6%) 0.0012

STAGE < 0.001
3 216.0 (73.5%) 185.0 (40.7%)
4 78.0 (26.5%) 270.0 (59.3%)

KMUH 749 CKD stage 3-4 patients with pre-ESRD care program

APCN X TSN Dec 7 Sunday Poster No. C0396



Association between circulating free form indoxyl sulfate levels and cognitive function test 
scores in hemodialysis participants using linear regression analysis without and with 

adjusted for confounders
Cognitive test Model 1 Model 2

β coefficient (95% CI) p value β coefficient (95% CI) p value
Mini-Mental State Examination -0.97 (-1.56 to -0.37) 0.001* -0.62 (-1.16 to -0.08) 0.023*
Cognitive Abilities Screening Instrument -3.43 (-5.53 to -1.33) 0.001* -1.97 (-3.78 to -0.16) 0.033*
Long term memory -0.22 (-0.42 to -0.02) 0.030* -0.20 (-0.39 to -0.01) 0.036*
Short term memory -0.38 (-0.75 to 0.00) 0.050 -0.13 (-0.47 to 0.21) 0.442
Attention -0.19 (-0.41 to 0.04) 0.104 -0.1 (-0.31 to 0.11) 0.343
Mental manipulation -0.52 (-0.84 to -0.2) 0.001* -0.36 (-0.65 to -0.06) 0.018*
Orientation -0.61 (-1.08 to -0.14) 0.011* -0.41 (-0.87 to 0.04) 0.076
Abstract thinking -0.45 (-0.82 to -0.09) 0.016* -0.19 (-0.51 to 0.14) 0.264
Language -0.35 (-0.56 to -0.13) 0.002* -0.25 (-0.45 to -0.04) 0.018*
Spatial construction -0.53 (-0.92 to -0.15) 0.006* -0.38 (-0.73 to -0.03) 0.034*
Name fluency -0.19 (-0.51 to 0.14) 0.270 0.05 (-0.25 to 0.36) 0.728

Model 1: crude model
Model 2: adjusted model with controlling for age, sex, education level, depression scale, and comorbidities (diabetes 
mellitus, hypertension, coronary artery disease, and cerebrovascular disease), hemoglobin, blood urea nitrogen, Kt/V, 
hemodialysis duration

Sci Rep. 2019 Dec 31;9(1):20388



Association between indole-3 acetic acid and cognitive function test in 
hemodialysis participants using multivariable linear regression analysis

Indole-3 acetic acid
Cognitive test Model 1 Model 2 Model 3
MMSE -1.31

(-2.14, -0.49)
-0.95

(-1.68, -0.22)
-0.90

(-1.61, -0.19)
CASI -4.75

(-7.42, -1.86)
-3.29

(-5.77, -0.82)
-3.29

(-5.69, -0.88)

Model 1 is crude estimation
Model 2 is adjusted for age, sex, education level
Model 3 is adjusted for stepwise procedure selected covariates
In Indole-3 acetic acid analysis: Covariates selection of age, education, hyperlipidemia, albumin, sodium, potassium, 
blood urea nitrogen, and Low-density lipoprotein in MMSE, Covariates selection of age, education, depression scale, 
hyperlipidemia, heart failure, ion calcium, phosphate, magnesium, aluminum, blood urea nitrogen, alkaline phosphatase, 
C-reactive protein, and triglyceride in MoCA, Covariates selection of age, education, hyperlipidemia, diabetes, albumin, 
sodium, potassium, ion calcium, blood urea nitrogen, alkaline phosphatase, total cholesterol in CASI

Neurotoxicology. 2019 Jul;73:85-91



Indoxyl sulfate (IS) and p-cresol sulfate (PCS) levels were 
elevated in various brain regions of 5/6 nephrectomy (5/6 NX) 
animals compared with the levels in sham animals

Biomedicines. 2021 Sep 17;9(9):1252



Nephrol Dial Transplant (2016) 31: 1606–1614
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For circulating metabolites, which factors 
are more important

Gut microbiome ? Or Kidney function?



Kidney Int. 2020 Jun;97(6):1230-1242.



Concentrations (conc.) of p-cresyl sulfate, indoxyl sulfate, and indole-3-
acetic acid–related metabolites in (a,b) feces, (c,d) plasma, and (e,f) urine.

Kidney Int. 2020 Jun;97(6):1230-1242.

p-cresyl sulfate

Indoxyl sulfate



Fractional kidney clearance of p-cresyl sulfate (pCS), p-cresyl glucuronide (pCG), 
indoxyl sulfate (IxS), and indole-3-acetic acid (IAA) per CKD stage

Kidney Int. 2020 Jun;97(6):1230-1242.



Does the metabolite fraction excretion important?

Nat Commun. 2023 Sep 20;14(1):5843



Predictors of the Plasma and Fecal Metabolomes in 
CKD: The CRIC Gut Study

• Chronic Renal Insufficiency Cohort Study (CRIC)

• Study Design: Observational
Conditions: Cardiovascular Diseases, Diabetes Mellitus, Kidney 
Diseases, Renal Insufficiency, Chronic
Duration: 2003 – ongoing
# Recruitment Centers: 7 (with total of 13 recruiting sites)

TH-OR37 — 2024 ASN



TH-OR37 — 2024 ASN

For fecal metabolomics For blood metabolomics



Clin J Am Soc Nephrol. 2013 Sep;8(9):1508-14.



J Nephrol. 2021 Jun;34(3):699-707

25% ~ 38%
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European Heart Journal (2023) 44, 3085–3098



European Heart Journal (2023) 44, 3085–3098



European Heart Journal (2023) 44, 3085–3098

phenylacetyl glycine

phenylacetyl glutamine
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Kaplan–Meier survival curve of overall survival (A) and competing death risk of major adverse cardiovascular events (composite 
endpoint of acute heart failure hospitalization, acute coronary syndrome, or cerebrovascular disease) (B), acute heart failure 
hospitalization (C), and acute coronary syndrome (D) stratified by the tertiles of serum phenylacetylglutamine (PAG)

Death MACE

HF ACS

APCN X TSN Dec 5 Friday Poster No. C0265 



Circ Heart Fail. 2023 Jan;16(1):e009972.
Cell. 2020 Mar 5;180(5):862-877.e22

Nat Commun. 2024 Aug 6;15(1):6696



Nat Commun. 2019 Apr 23;10(1):1835.

Phenyl sulfate

Prof. Takaaki Abe



Nat Commun. 2019 Apr 23;10(1):1835.

Diabetic patient cohort (U-CARE, n=362)

Phenyl sulfate



Tyrosine metabolism pathway 

Nat Commun. 2019 Apr 23;10(1):1835
Toxins (Basel). 2017 Jan 29;9(2):52Professor Takaaki Abe, Tohoku University 

Ctrl

PS

PAS EM

Effacement

GBM thickening

Phenyl sulfate



J Clin Endocrinol Metab. 2025 Aug 14:dgaf453

Emily Yi-Ting Lin
Associated Professor, KMUH

752 Type 2 DM from Swedish Cardiopulmonary Bioimage Study (SCAPIS)
Stool Shotgun metagenomics (Clinical Microbiomics, Copenhagen)
Blood Global metabolomics (Metabolon Inc., USA)

Phenol sulfate (Tyrosine Metabolism)

AlbuminuriaMicrobiome Metabolites
Clostridium sp. AT4 
Eggerthella lenta 

Phenyl sulfate



All-cause death

Composite cardiorenal outcome (MACE + MAKE)

All-cause death

MACE + MAKE

MACE = CV death + Acute coronary syndrome + Ischemic stroke + Heart failure hospitalization
MAKE = ESRD + eGFR 10 + eGFR drop 40%

KMUH 675 DM patients to analysis the PS and clinical outcomes

Confidential !! unpublished data



Confidential !! unpublished data

Boruta algorithm (Random forest model)
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▪ CKD patients present gut dysbiosis

▪ Gut microbiota contribute to protein-bound uremic toxins, 

triggering systemic complications

▪ Both microbiome and kidney function are important for blood 

uremic toxins

▪ Novel uremic toxin, phenylacetylglutamine (PAG), is related to poor 

CV outcomes in CKD patients

▪ Novel uremic toxin, phenyl sulfate (PS), is related to death and 

cardiorenal outcomes in DM patients

Take home message
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