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Today’s talk...

Mineral
absorption, bone
turnover, vascular
calcification

ot s CKD-MBD
MICrobiome A E——

Diet and
pharmacological
therapies

The kidneys are the master regulators of homeostasis

Mineral and
bone: Vit D
activation

EPO production Agécliéagze

Blood pressure Metabolic
control waste excretion
Electrolyte balance
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Virtually every organ and system is impacted with CKD

Gl tract + gut
microbiota

Musculoskeletal

Reproductive
system

Immune system

system

CKD-MBD is highly prevalent in individuals with CKD

CKD Stage

CKD-MBD

Adapted from Moorthi and Moe. Am J Kidney Dis (2011); Adapted from Wolf. JASN (2010),
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CKD-MBD leads to poor clinical and patient-centered

outcomes

T FGF23

1t PTH

TP

T CV events and
mortality

The Gl tract and the gut microbiome is affected in CKD
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Gut-derived uremic toxins: an area of active research

Diet Colon Liver

Circulation

Indoxyl »
sulfate

PCS wmm

Phenyl "
sulfate

Indoxyl
sulfate
PCS

Phenyl
sulfate

Tryptophan Indole B ——
ﬂ

ﬁ

——) P-cresol

;&p Phenol

Tyrosine

Choline

/ TMA/TMAQ =y TMAO

TMAO =

Carnitine

Snelson, et al. JReN (2020)

Gut-derived uremic toxins are associated with poor
outcomes in CKD
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Stubhs, et al. JASN (2016)
Lin, et al. Journal of Food and Drug Analysis {2019)
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The gut microbiome changes with CKD progression

Mineral
absorption, bone
turnover, vascular
calcification

microbiome

The gut microbiome may affect CKD-MBD

¥ Mineral absorption

v Direct effect of microbial
metabolites (e.g., SCFA,
uremic toxins)

Several of these effects can

be modulated by dietary

CKD-MBD N fiber

v Effect of microbial metabolites / Mineral balance
v Oxidative stress
7 Inflammation

v Effect of microbial metabolites
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Dietary fiber: a potential key nutrient in CKD-
MBD

* Non-digestible CHO polymers + lignin

* Dietary fiber intake in CKD is ~“50% of the Al

* Dietary fiber intake is inversely related to CKD incidence and
progression

* The properties of dietary fiber may be key for the outcomes of choice
* NSCFA |, GDUT
* Mineral absorption and homeostasis
* ¢ Inflammation and oxidative stress

Su, et al. CKJ (2022)

Fermentable dietary fibers can impact mineral and bone-
related outcomes

T SCFA
TCa, Mg
absorption
p
Cecal wall welght femur BMD

and content
welght

Weaver CM. Curr Osteoporos Rep (2015)
Whisner C, et al. British Journal of Nutrition (2013)




HIT-MBD goal: effects of inulin supplementation on
mineral homeostasis and the gut microbiota

Inulin:
F:10g/d M: 15g/d

Inulin:
F:10g/d M: 15g/d
Baseline testing

and
randomization

Maltodextrin:
F:6g/d M:9g/d

Maltodextrin:
F:6g/d M:9g/d

D —

«— »
4 wks

v
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Biruete, et al. JReN (2021)

Inulin (and maltodextrin) 4* the excretion of SCFA and
J PTH

» U Bacteroides, T Akkermansia, I Faecalibacterium (trend)

~35% reduction in both groups
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Working with patients with kidney failure is
challenging

* HD becomes a (hard) lifestyle
* Retention of participants is challenging
* Adherence to therapies may be low

» Confounding factors: diet, medications, treatment, cause of
CKD

The Cy/+ male rat model is a progressive model of IIJ
CKD-MBD that responds to diet/medications

FR23
| / e
5 \_// - </ Slowly, progressive

</ Therapies can be tested at
various stages

-y 5 125 04) </ Responds to medications and
02 s = w3 lifestyle interventions
Cy/+ male rat Aproxdisabe- sk of age
model of CKD-
MBD fed a
0.6% P casein- x Only males

based diet

X ~33 weeks of age for kidney failure
X Some may progress fast

Moe, et al. JBMR (2011)
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In a controlled environment, what is the effect of IIJ

inulin supplementation?

Study Design
Cy/+ rat model of CKD-
MBD

éd

=

’v

0.7% P with
cellulose

Dietary treatments lasted for 8-10 weeks until
CKD stage 4 and 5

0.7% P, 10% inulin

Outcomes

Comprehensive CKD-MBD
assessment

w_»g_,_ |

\
Cecal microbiota and gut-
derived uremic toxins

Biruete, et al. JBMR Plus (2023)

Plasma Pi (mg/dL)

Inulin lowered plasma phosphorus and PTH I'IJ

in rats with CKD

* Kidney function was not different
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Biruete, et al. JBMR Plus (2023)
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mean
value
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Inulin improved cortical bone but did not I'IJ
improve bone mechanics
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Biruete, et al. JBMR Plus (2023)

Inulin supplementation lowered aorta and I'IJ
heart calcifications and fibrosis
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Inulin supplementation impacted a- and f3-
diversity

Axis 2 (12.69 %)
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Biruete, et al. JBMR Plus (2023)

Relative abundance (%)

Inulin altered the gut microbiota and Iowered'-lJ

gut-derived uremic toxins
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The fermentable fiber inulin improves chronic kidney disease-mineral and bone
disorder in a rat model of chronic kidney disease w
e Results
MBD =
e - l | Phosphorus | PTH | 8-0HdG
o =

/ \4 Bone Improved No changes
3 m + remodeling 1 cortical 2> inbone

parameters mechanics
0.7%Pwith  0.7%P 10% inulin

cellulose Heart and ¢ Left * Heart
Dietary treatments lasted for 8-10 weeks until aorta ventricular ,
CKD stage 4 and 5 calcification il fibrosis
= Outcomes Changesin
: ‘ microbial i Indoxyl s:JIfa;Lfe and
composition p-cresyl sulfate

Conclusions: The supplementation of the fermentable fiber
inulin, improved CKD-MBD parameters. The mechanisms may be

Comp}ehensive C;(D_;,,BD Cecal microbiota and gut- mediated by the beneficial impact on the gut microbiota and the
assessment derived uremic toxins lower gut-derived uremic toxins, but more studies are needed.

: s Biruete, et al. JBMR Plus (2023)

JBMRPLUS oy (ASBMEX: @JBMRPIus

Created with Biorender.com

TSI
Exploring the effects of dietary fiber based on.‘c >

fermentability and viscosity in CKD-MBD

). Type (10%) Viscosity  Fermentability
P | Cellulose | - |
Cy/+ male rat [ nulin_ | -] +
model of CKD-
MBD L__Betiin

10-wk treatment assigned
fiber w/high bioaccessible
phosphorus diet

Irradiated grain-

based diet

Birth 22 32 wk
of age

Vel A C ey Last3days |

4/24/2024
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e.CTsi
Fermentable and viscous fibers improve @
circulating phosphorus

FGF23

Phosphate

Normal

Viscous fibers Viscous fibers prevented

'
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. 1 2 3 5
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Biruete, et al. (unpublished)

Fermentable and viscous fibers improve ©®

cortical bone

8
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T 9

N
1
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o

Biruete, et al. (unpublished)

Cortical porosity (%)

0.0008
0.0005

609 0.0004
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CKD-MBD treatments may alter the gut microbiome

Gl CKD-MBD

Diet and
pharmacological
therapies

Current treatments for CKD-MBD

Calcimimetics

lower PTH levels by binding
g P and dietary restrictions
address phosphorus
absorption in the gut

Parathyroid
Glands

and calcium bl and calcium
released absorbed in

from bone the gut

Elevated
PTH

extracellular
fluid

Vitamin D sterols
increase phosphorus and
calcium absorption in the gut

Vitamin D sterols
inhibit the synthesis and
secretion of PTH

Beto, et al. JReN (2019)

15
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Dietary management of hyperphosphatemia includes
education on phosphorus bioaccessibility

Phosphorus bioaccessibility qu

]
|

Plant-based foods
(vegetables, nuts,
seeds, and legumes)

I

Factors to consider:

- Consider phytate content impact
- Consider portion size
- Consider phosphorus density vs.
phosphorus richness
-Consider processing that may
enhance bioaccessibility (i.e.,
fermentation, germination, and
added phytase)
-Consider cooking methods that
may limit or enhance
bioaccessibility

Animal-based foods

(dairy, meat, poultry,
fish)

Factors to consider:

- Consider avoiding foods
with phosphorus-containing
additives (i.e., processed
cheese, deli meats, enhanced
meats)

- Consider portion size
- Consider cooking
techniques as they may alter
bioaccessibility

alitative gradient '
!

Foods with
phosphorus-
containing
additives

l

Factors to consider:

- Portion size
- Foods with naturally-
containing phosphorus +
additives (i.e., processed
cheese, processed
products, cereals/grains
products with phosphorus-
containing additives and
modified corn starch or
leavening agents)

Biruete, et al. JReN (2023)

A diet with different phosphorus sources may impact the
gut microbiota composition

Envigo 2018SX
NL (NL-Grain)
o
I Envigo TD.04539
: (NL- Casein)
From birth-18 weeks of
fed 5
N ; Envigo 2018SX
CKD (CKD-Grain)
— .. . " .
Cy/+ rat N
model of : =
CKD-MBD ; , :
18-wk old 28-wk old

Assessment at 28 weeks
A

Cecal digesta

Fecal pellet

-

imMme

LEfSe

-
DNA extraction with MoBio
Powerlyzer Powersoil kit

\

R

Sequencing of the V4 region of the
16S rRNA gene via lllumina MiSeq

\
GREENGENES

The 16S rRNA Gene Database and Tools

PICRUSt2 STAMP

Biruete et al. JASN (Abstract; 2020)
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Diet characteristics

Protein (% wt)
Carbohydrate (% wt)
Fat (% wt)

Cellulose (%)
Crude fiber (%)

Calcium (%)

Phosphorus (%)

| Phytate-bound phosphorus

Envigo Autoclaved 2018X
(Grain)

Envigo custom diet (Casein)

18.6 15.9
44.2 62.8
5.2 6.2
N.R. 5
3.5 N.R.
1.0 0.7
0.7 0.7

0.3

N.R., but 0% likely

Macronutrient ingredients:
ground wheat, ground corn,
wheat middlings, dehulled
soybean meal, corn gluten
meal, soybean oil, L-lysine, DL-
methionine

Phosphate additives:
dicalcium phosphate

Macronutrient ingredients:
casein, sucrose, corn starch,
maltodextrin, cellulose,
soybean oil, DL-methionine
Phosphate additives:
dicalcium phosphate

Diet and CKD impact B-diversity, but diet explains a

bigger proportion of the observed variability

Bray-Curtis dissimilarity in the cecum

Axis 2 (11.42%)

Axis 1 (28.49%)

Axis 2 (12.40%)

Bray-Curtis dissimilarity in the colon

Axis 1 (27.73%)

@ NL-Grain @ CKD-Grain @ NL-Casein @ CKD-Casein

v Overall PERMANOVA in cecum and colon p=0.001; all groups different from each other (q<0.05).

v Other metrics of B-diversity (i.e., unweighted and weighted UniFrac distances) showed similar results in cecum
*B-diversity: between samples
Biruete et al. JASN (Abstract; 2020)

and colon

4/24/2024
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Diet and CKD led to taxonomical changes in the cecum,
where most fermentation occurs in rodents

Major effect of diet on
SCFA producers

Diet and disease
effect on possible
uremic toxin
producers

» @
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28 p-0.003
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2 . g £
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3 10 i :
£ o 52, .
2
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Biruete et al. JASN (Abstract; 2020)

Microbially-derived uremic toxins were not reduced in the
grain-based diet in CKD

Indoxyl sulfate

Bacterial
tryptophanase

S )

NH,

-

Hepatic
sulfotransferase

200

p<0.0001
s
3150 . p<0.0001
£ n
§ 10 nl 4
3 v
2 50 LT
g roow
- .
c v
£ 6 e

3 o

v T T

T T
NL CKD NL CKD

/

P-cresyl sulfate and P-cresyl glucuronide

Bacterial
rfraslne
yase* o
OH
(HO NH,

Bacterial

ml!nlmnsfelne

\Q\@
"

=003

p=0.07

o

p=0.0008

P-cresyl sulfate (uM)
N oW o

P-cresyl glucuronide (uM)

o

NL CKD

NL CKD

Grain Casein j K

Grain Casein

NL CKD NL CKD
Grain Casein

Phenol sulfate and phenol glucuronide

Bacterial Bacterial

tyrosine tyrosine
henol phenol-
yuu ase‘

]
Hepi glumlo«m]hnnshmsn
mlfnlmnsf!lale O

<0.0001

p=0.004 p<0.0001

p<0.0001 4

@
3

p<0.0001

<0.0001

EY
3

Phenyl sulfate (uM)
N s
s 38

Phenyl glucuronide (uM)

NL CKD
Casein

NL CKD NL CKD
Grain

Casein

0
NL CKD
Grain

4/24/2024
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Summary: CKD-MBD treatments and the gut microbiome

1. Dietary modifications related to phosphorus bioavailability may
impact the gut microbiota composition, functional capacity, and

production of uremic toxins

The fecal microbiota in patients on HD differed depending
on type of phosphate binder

| =

. . ’ g | 3

[ Calcium-based binders g__Bacteroldes ? 0.022 g
= 3_5_

© 1 Non-calcium-based binders (Sevelamer)

O

oo
3

]

3
{o)

Biruete, et al. JReN (2021)
Devlin, et al. Cell Host & Microbe (2016)
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Phosphate binders may alter the gut microbiome

Calcium 1 Clostridium spp. y
carbonate SCFA (not in CKD)

Calcium-
based :
Calcium | Firmicutes:
acetate Bacteroidetes (?)

Binds indoxyl
Phosphate sulfate, p-cresol,
binders SCFA, bile acids
Sevelamer

|Bacteroides,
TClostridiales,
TRuminococcaceae

Non-calcium-

based Oxalobacter
formigenes (?)

T a-diversity
. . |Firmicutes,
Ferric citrate tAkkermansia,
1Clostridiaceae,
1Enterobacteriaceae

Biruete et al. JReN (2020)

2. Not all phosphate binders have the same effects

AGEs absorption

- 1 Inflammation and

oxidative stress

- Possible interaction Binding to microbiota

with the gut microbiota products
- 1 Indols y phenols with a
| concomitante de indoxyl
sulfate y p-cresyl sulfate
- L SCFA

4 Vitamin K absorpt
- Vascular calcifica

Bile acid absorption

1. Metabolic effects

- 1 Total cholesterol and LDL

- TGLP-1: glucose homeostasis (TGRS)
2. Vascular calcification

- CA - DCA (through the microbiota)

3. Nutrient absorption.

- 1 absorption of fat-soluble vitamins

4 Oxalate absorption
- | Risk of stone formation
and CKD progression

Most studies were observational

Biruete et al. JReN (2020)

20



4/24/2024

Goal: to assess the effects of phosphate binders on the

cecal and fecal microbiota
ol ™\

Cecal digesta ™
NL s |

e o Casein-based diet gl -

DNA extraction with MoBio

. 1]
&  : 3
Casein-based diet : g Fecal pellet Powerlyzer Powersoil kit
z ; 3 ‘,
P NGB E o ferric citrate M £
CKDrats : © o
' = <
2% Ca gluconate S
£ L
7] e
w
[ Sequencing of the V4 region of the
18-wk old 28-wk old g 16S rRNA gene via lllumina MiSeq
<

'
&iirne s
N

LEfSe PICRUSt2 STAMP

Phosphate binders impacted B-diversity

Bray-Curtis dissimilarity in the cecum

¥

3 @ N

o ° @ cxo

'2;% @ CKD+FC
@ CKD+Ca

Axis 1 (24.08%)

+ Overall PERMANOVA p=0.001; all groups different from each other q<0.003
v Other metrics of B-diversity (i.e., unweighted and weighted UniFrac) showed similar results

*B-diversity: between samples
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FC and calcium led to unique taxonomical changes at the

genera-level

p=0.005
£<0.0001 5
. p=0.0004

Bifidobacterium (% total)

p=0.0003
=0.0003

p=0.0004 p=0.0002
30 p=0.001 20 P=0.04 p=0.06
5 p=0.0003 E . T
o
£ 20 "
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Calcium-based phosphate binder reduced uremic toxins
derived from phenyl
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Summary: CKD-MBD treatments and the gut microbiome

2. Phosphate binders may alter the gut microbiota, but only calcium-
based phosphate binder decreased phenyl sulfate and phenyl
glucuronide.

Conclusions

* CKD-MBD is a highly prevalent complication in CKD.

* Gut-oriented therapies may be innovative and low-cost interventions
to improve CKD-MBD-related outcomes.

* The outcomes may be dependent on the physicochemical properties
of dietary fiber.

* Clinical trials are needed
* We started supplementation in early-to-moderate CKD
* Is there a benefit for people with kidney failure?
* What is the therapeutic dose?
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