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Early observation: effect of red meat intake on kidney function
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*FMO: Flavin-containing monooxygenase (enzyme for the generation of TMAO)



Metabolomic study and CKD: some questions

no. of publications in PubMed on
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“chronic kidney disease” and “metabolomic” How * method of study
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IIIIIII « What ? clinical implications

« Why ? mechanism of the effect
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Metabolomics: methods in a nutshell
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From metabolomic to multi-omic study

non-negative matrix factorization (NMF) clusters for molecular subgroups

a Original data b Sample similarity matrices ¢ Fusion iterations d Consensus matrix
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Serum metabolomic alterations a/w proteinuria in CKD

Methods and Cohort Findings
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p<7.8 x 104
N=962 N=620 with
58 metabolites Proteinuria
5 | 4 metabolites\associated with ESKD in
&3 oth studies
uPCR 637 non- drug
metabolites

l Lowest p-values (p<10-%7)
4-hydroxychlorthalonil
Progression of CKD il;>=anhyelrogiucitol

Conclusions We identified 58 serum metabolites with cross-sectional associations with

proteinuria, some of which were also associated with CKD progression.

Shengyuan Luo. CJASN March 2019, 14 (3) 342-353



Metabolite biomarkers of CKD progression in children

645 plasma samples
from CKiD cohort

primary outcome:

baseline GFR 2 60

m 4.8 years

Median age: 12 baseline GFR < 60

kidney loss of
replacement  50% of

) .
2 0 9 children
) reached the
Median eGFR: 54 primary outcome

Conclusion: Untargeted plasma metabolomic profiling facilitated
discovery of novel metabolite associations with CKD progression in

children that were independent of established clinical predictors and

metabolites associated with
higher risk of primary endpoint

N6-carbamoylthreonyladenosine
5,6-dihydrouridine
pseudouridine
C-glycosyltryptophan
lanthionine
2-methylcitrate/homocitrate
gulonate

QS N

Tetrahydrocortisol
sulfate associated with lower

risk of the primary
endpoint

highlight the role of select biological pathways.

Denburg MR.

Clin J Am Soc Nephrol. 2021 Aug;16(8):1178-1189.



Dietary Micronutrient Intake and Metabolome in CKD

Clinical Research

@K; CKiD cohort: 575 children at 6 month-visit Micronutrient deficiencies
0,
Mean age 11.5 years 90% 77% 45% Lower eGFR associated
Vitamin D Vi inE below Dietary Reference with lower intake of zinc,
39% female itamin itamin Intake for iron and folate B5 and B6
’ CKD stages 2-4, mean eGFR 53 ml/min/1.73 m? -
Mean body mass index (BMI) Z- Metabolite associations

score 0.7

99 total, 42 unique metabolites associated with micronutrient intake

Intake of 15 micronutrients via food frequency
questionnaires at 6 months, 2 and 4 years *

Vitamin D and
B12 intake

lipid-related metabolites
phosphatidyicholine, plasmalogens, lysophospholipids

Metabolomics: untargeted plasma profiling

from matched blood samples Iron;folate/C; >

A, and K 3

xenobiotic, cofactor, and amino acid pathways

Assess links between 990 metabolites and Vi AChVdne A SRy Aroxyetacnydring *

micronutrient intake

p -

Strongest association

The majority of children with CKD have intake below dietary reference
intake of at least one micronutrient despite normal BMI, which was associated with

alterations in lipid metabolism.

Denise C. Hasson.
Clin J Am Soc Nephrol 2025; 20:1536
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cf. metabolomic change of podocyte

Glycolysis

TCA cycle

Hyperglycaemia induced changes

glucose
glucose-6P
fructose-6P

fructose-1,6P

dihydroxy — glyceraldehyde-3P
acetone-P
1,3BP-glycerate
3P-glycerate
2P-glycerate

P-enolpyruvate

LDHA
LDHALSB

pyruvate

LDHB
LDHC

lactate

acetyl-CoA 22
oxaloacetate citrate
isocitrate
malate
fumarate

succinate ﬁ succinyl CoA

a-ketoglutrate
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Li CL. manuscript under review

Dapagliflozin induced changes
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Change in amino acid profile and arginine / NO pathway

Total Amino Acids
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p =059
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*HIF hydroxylation require alpha ketoglutarate as co-substrate
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Metabolome: not only our own metabolites

« MASLD and CKD are linked through mechanisms like lipid accumulation and
oxidative stress

« gut dysbiosis leads to harmful metabolites that affect kidney function
— toxins from the gut can cause systemic inflammation and kidney damage
— liver processes gut-derived metabolites — further effects on kidney

— liver also secretes molecules that influence gut microbiota and barrier integrity

Cyrielle Caussy. CJASN 20: 1626—-1629, 2025



Microbiome contribution to metabolome
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2 CKD cohorts and 1 healthy cohort

mep_1012 [Intestinimonas) massibiensis * KD1667 *
mep_1362 Holdemania massikensis

msp_ 0364 Intestinimonas butynciproducens

msp_1278 unclassified Acutalbacteraceae 3

mep_0214 Alstipes sp. CAG 268 * K01667 *

mep_0465 unclassified Opitutales CAG-312

msp_0226 Desullovibrionaceae bacterium CIM:MAG 900 * K01667 K20038
msp_0425 unclassified Eviepia * K20038%

mep_0772 [Lachnoclostridium| pacasnse * K20038 KD1668%
mep_0205 Desublovibrio fairfieklensis * K20038%

msp_0085 unclassified Eisenbergielia

msp_0022 Bacteecides finegoldii

msp_1413 unclassified Clostridiales 2a

mep_0708 Firmicutes bactenium CAG:341

mep_1357 unclassified Oscilospirales 4 UBAS446 * KD1667 %
msp_0047 [Eubacterum] sp. CAG-115

msp_0949 unclassified Merdbacter

msp_0818 unclassified Massilicclostridium * K20038 *
msp_0448 unclassified Lachnosprales

mep_0023 Bacteroides caccae

msp_0740 Clostndiales bacterum CIM:MAG 309
msp_1300c Christensenella minuta * K20038 »

msp_0254 unclassified Hungatella * K23111s

mep_1087 unclassified Maibella * K2311#

msp_2322 unclassified Saccharimonadaceas Rho
msp_0092 Sutterala wadsworthensis o4
mep_0313 Vedlcoslla parvula 02
msp_0884 Veilonalla atypica 0
msp_0382 Firmicutes bacterium CAG:238 02
msp_0265 Fascalbacterium prausnizii 7 o4

msp_0945 unclassified Frsingicoccus

msp_0904 [Ruminococcaceas] bacterum UBASS91
msp_0456 unclassified Gemmiger

msp_0178 Ruminccoccus sp. A254 MGS-254 & CAG 254
msp_0953 unclassified Ruminococcaceas

msp_0504 unclassified Oscilospirales 1 CAG-272
msp_0189 Blautia sp. CAG:237 * K23110%

msp_0418 unclassified Gemmiger

msp_2254 [Actinomyces] sp. oral taxon 172 & sp, ICM58
msp_0591 unclassified Enterocioster * K23111.K01668 *

FMT from patients with CKD to antibiotic-
treated CKD model mice increased serum UT
levels and exacerbated kidney fibrosis.

PAS Red Sirius

FMT-HV

FMT-CKD

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



Uremic toxins and microbiota-derived metabolites tested

Compound Origin Role in diseases

TMAO metabolic product of ingested meat association with proteinuria, CKD decline, all-cause mortality
and CVD

kynurenin e metabolite of tryptophan increased production associated with worsen depressive symptoms and cognitive

dysfunction

kynurenic acid

metabolite of tryptophan

antagonist of glutamate receptors and NMDA receptor; affect synaptic function

hippuric acid

formed from gut microbiota; also produced in the liver and

kidneys

a marker for Parkinson's disease

phenyl-acetyl-glutamine

metabolite of phenylacetate in the liver; also produced by

gut microbiota

possible marker for cardiovascular disease

indoxyl sulfate

metabolite of tryptophan from gut microbiota

stimulates glomerular sclerosis and renal interstitial fibrosis;

contribute to CKD progression; also a predictor of CVD

p-cresyl sulfate

metabolite of aromatic amino acids from gut microbiota

contribute to CKD progression

p-cresyl glucuronide

metabolite of aromatic amino acids from gut microbiota

none reported

indole-3-acetic acid

plant hormone, also produced by some bacterial species

developmental toxicity and immunotoxin in animals

CMPF

endogenous metabolite of furan fatty acids in diet; also

produced from gut microbiota

may induce kidney cell apoptosis or ferroptosis

Szeto CC, Ng JKC. Gut. 2025 Jun 5:gutjnl-2025-335600.




TMAOQO and kidney function decline

Methods and Cohort
Two community-based
Prospective cohorts*
eGFR = 60 mL/min/1.73m? p\ 2 24 | -0 < 43
Aileore 1.68, 2.98 | -0.56, -0.30

) Serial plasma TMAO level
. Baselne and one follow-up

3. Creatinine and Cystatin C
| 4 times dudng!olow-up

Incident CKD: eGFR decline

= 30% from baseline and a
resulting eGFR<60 mUmin/1.73 m?
N= 979

*Modian follow-up 9.4 years  Effect estimates are for top vs. bottom TMAO quintile TMAO, Trimathylamine N-oxide; DM, diabetes; SBP, systolic blood pressure

Conclusions: In community-based US adults, higher senal measures of
plasma TMAO were associated with higher risk of incident CKD and

greater annualized kidney function decline,

Meng Wang. J Am Soc Nephrol June 2024; 35:749



TMAO and albuminuria

Clinical Research

Community-based prospective
cohort (N=6,723)

TMAO-related biomarkers

N = 648 )
measured at baseline and 5 years 34.5%

with new .
years increased Average increase of

follow-up albuminuria UACR per 10 years

UACR measured at baseline and
four times during follow-up

Higher TMAO levels associated with:

+ Higher risk of incident increased albuminuria:
Top vs. bottom quintile adjusted HR (95%ClI): 1.41 (1.05-
1.89), P-trend<0.01

Primary outcomes:
Incident increased albuminuria
(Two consecutive UACR=> 30mg/g)

+ Greater rate of UACR increase:
Adjusted percent change per 10 years = 22.1% in the
bottom vs. 40.6% in the top quintile, P-trend < 0.001

Rate of UACR change over time

TMAO: Trimethylamine N-oxide; UACR: urine albumin to creatinine ratio

Conclusions: TMAO-related gut microbial metabolites appears to be a

novel risk factor for albuminuria and its progression, raising the need to
investigate the role of targeting the TMAO pathway on albuminuria.

Wang M. Clin J Am Soc Nephrol. 2025 Nov 1;20(11):1549-1563.



Mechanistic exploration: 3-hydroxybutyrate and BP

Dietary Sait

" Nutritional Intervention
' with 1,3-Butanediol

Nirp3

flammasome Short term Long term
¢ Nirp3 BHB & BHB
l l
| ~‘ . | . SKcs and A#E,aazgd Na'/K™= " +NO bioavailability
li PIas:.ma BOHB - | |
. tHyperpolarization |Hypertension
|

Vasodilation and reduced
vascular load

G
N

/1\

I l ¢ Renal Injury Hl Proteinunia Ié Serum Na*/K*
Pressure CA» s Chakraborty S.

Cell Rep. 2018 Oct 16;25(3):677-689.e4.




Can the kidney sense specific metabolites?

OLFRY78 for acetate and propionate
regular renin synthesis

a Bowman's capsu le—\
Juxtaglomerular cell
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Renin o SCFA
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o
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b O ACE

Angiotensinogen —————————— Angiotensin | I Angiotensin Il

(Rate-limiting step) / l

t Aldosterone —— 1 Blood pressure

sense by
smelling !?

Xu J. Nat Rev Nephrol. 2025 Apr;21(4):253-263.

Bowman's ca psule—\

Afferent arterlole

1
Ef-----—---- - - Renin——& i
1| Blood vessel i =F :
N | ALY ! : =@ :
1 ==
! ~ /11 | OLFRS558 for butyric acid
|| OLFRES8—= o .
- ~ /i1 | regular afferent arteriole tone
i = | o
1 [ 1
i VEMC—=\/ 1 | |
| == I 1 Juxtaglomerular cell |
Interlobular — L b
artery ! Endothelial cell !
Olfr1393 wild type Olfr1393 knockout
OLFR1383 ® Gl“?‘jse °
ligand —=%2 @&—Sodium o ®
(W [(Wi-socLr2 * W ¢
OLFR1393 ‘ ! and SGLT1 |! a]
[ ] ® °
[ ] ® [ ]

OLFR1393 for keto-alcohol
interact with SGLT1/2

Proximal

tubule cell

« Mild glycosuria

« Improved glucose tolerance

« Attenuation of diabetic
phenotypes



Conclusion

advance in methodologies

metabolomic changes are context and cell-type specific

contribution of gut microbiota to metabolomic alterations

Kidney can “sense” many metabolites at low concentrations
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