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Introduction: Microbiome

«» Gut and health

“All Disease Begins in the Gut”

- Hippocrates
(BC 460-377)

https:/febelem.com/hippocrates-osler-faarn



Introduction: Microbiome and Research in RF

*» International NTP validation project

- A 5-year animal experiment project

- 2-year life-long RF-EMF exposure

- 3 groups (cage-control, shaand RF-exposed)
- 70 male rats per group

- GLP facilities of KIT (Korea) and DIMS (Japan)
- Reverberation chamber system
- Whole body SAR of 4W/kg

- As a part oINTP' studyin Korea, microbiome investigation designed



Introduction: Microbiome and Research in RF

<+ EMF and human bacteria

See— » Growth patterns of lab bacterial cultures under Static
. — EMF were variable per different species
The response of human bacteria to static magnetic field and * Bacterial Isolates of skin microbiota (n:4 roaponees

radiofrequency electromagnetic field’

phone usage) showed inconsistent growth responses

Crabtree DPE et al (2016), J Microbiol

—1st EMF microbiome report

< RF-EMF and Gut microbiome

Contents lists available at ScienceDirect

Ecotoxicology and Environmental Safety

* RF-EMF (2.5W/kg SAR, 4h/d, 5wk) led to depression-like

neurobehavioral disorders, gut microbiota, and metabolite
imbalances

Jeurnal hameapage: www. alseviar.cam/locate/scobny

Electromagnetic field exposure-induced depression features could be E
alleviated by heat acclimation based on remodeling the gut microbiota

Luo X et al (2021), Ecotoxicol Environ Safety

A few studies examined RF-EMF exposure effects on biological prexess
* Direct link to the altered microbiome and diseases remains insvel



Introduction: Microbiome

** Microbiota

* Living microorganisms found in a defined environment
» Bacteria, Archaea, Protozoa, Fungi, and Algae

+* Microbiota in Numbers

o,

Bacterial cells (B) ) Human cells (H)
dominated by ~ —» Oral cavity

dominated by

colon bacteria red blood cells 1/100
~ illi ~ illi Skin « - Stomach
=~ 40 trillion 30 trillion o500 ptomach,

Small intestine
1/1,000

Large intestine
40,000,000,000,000

|
=

Sender R et al (2016), ProS Biol
https://www.bioserendipity.com/cancers-with-a-possible-adteontribution/



Introduction: Microbiome

4

L)

* Microb +biome = Microbiome(u] 4= AejA)

« Activities: microbial structures, metabolites mobile genetic elements,
and relic DNA embedded in the environmental conditions of the habitat

* 6 major phylafFirmicutes, Bacteroidetes, Actinobacteria, Fusobacteria, Proteobacteria, Vierrucomicrobia

+» Rolesof microbiome

* Regulation ohost immune response

* Maintenance ointestinal barrier integrity

* Modulation of host-cell proliferation and vascularization
* Regulation of intestinaheurological,endocrine functions
* Energy source(5-10% of daily host energy)

» Synthesis of vitamins and neurotransmitters



Introduction: Gut-Brain axis

s Complex network involving multiple biological systems

* Maintain the balance of gastrointestinal, central nervous, and nateyistems.

THE

GUT‘BHAIN S @ Chemical transmitters facilitate direct
AXIS AN communication between gut bacteria and brain
The mechanisms by @ Nerve signalsrelay information between gut and

which gut microbes J = 3 .
and the brain might : o e brain
communicate are .

unclear, but there are [ ; ® Immune cells and cytokinesnediate communication

several tantalizing

leads for researchers it - e between gut and brain

to follow.

Gut microbes,
including bacteria g
and viruses

Hou, K et al (2022), Sig Transduct Target The



Introduction: Microbiota Dysbiosis

s Composition of resident commensal communities and individual health

A S m— * Loss of beneficial microbial organisms
® @Y &7 - f”)_ -
-Ya s S - = \ + Expansion of pathobionts or potentially harmful microorganisms
] Qe "\:' v 2= o L*“! * Loss of overall microbial diversity
5 = ==
> s [V o - \-ﬂ -(
Eﬂ o G

Antimicrabial )

peptides ®
(L Mucin i, ﬂa\t'ﬂ'!'wﬁm:”iww@iﬂﬂlllwm"lmg"’“"”'a'm "

eudoid ejweTy

Prainflammatory
cylokines

Petersen et al (2014), Cell Microbiol




Introduction: Microbiota Dysbiosis

* High correlation between intractable diseases and gut microbiotasigsbi

» Microbiota dysbiosis

Inflammatory

bowel disease
Crohn's disease

Ulcerative colitis

Heart disease

Hypertension

» Intractable Disease in the2Century

Atherosclerosis

v Immune diseases

Cancer
Lung cancer
Colorectal cancer

Liver disease

v Metabolic disease
v CNS disease

v' Cancer

Cirrhosis
epatitis

Respiratory
disease '7"%
Asthma ‘
Bronchitis

Diabetes
Type1

disorders
Parkinson’s disease

Type2 ) )
Alzheimer’s disease

Depression

Gestational

Petersen et al (2014), Cell Microbiol



Introduction: Microbiome Research Methods

16S ribosomal RNA sequencing

s Targeted manner

* Hypervariable region (V1-V9) within
bacterial 16S rRNA gene

% Specific bacterial taxa and their relative
abundances (Taxonomic information) can
be assessed by referencing public
databases

Prokaryotic Ribosome Eukaryotic Ribosome

708
508

subunit 60S

~\_235 RNA

30S 16S RNA 40S )
subunit o subunit

Metagenomic shotgun sequencing

s Untargeted manner

* High coverage (50-100x) of the unknown
genome

% Can predict metabolic pathways that
genes are involved (functional
information)

Amplicon sequencing
Ve N g \

N\
i)
|

Mixed microbial community

Multiple copies of fragments
o from 1 target gene

Metagenomics sequencmg

I\ 050

Short sequence
fragments from "all" DNA




Introduction: Microbiome Research Methods

s Taxonomic resolution 16S gene and shotgun profiling

<::I shotgun profiling

Taxonomic Hierarchy



Introduction: Microbiome Alpha and Beta-Diversity

s Age-related changes

in the human gut
microbial ecosystem

\

Variation
within a group
Dis-similarites
between group

Human gut

» Healthy infant microbiome
- HIGH CONC. :Bifidobacterium andLactobacilli

- LOW CONC. :E. coli, Enterobacter, andBacteroidetes.

T — )
v ()
=i '
Infancy Childhood Adulthood
S i ﬁ
Beta Diversig J
# Bacteroidetes Bacterial load
Firmicutes >
_/ Proteobacteria
A Actinobacteria Window of greatest opportunity for microbial influences on development " NS b & ).‘
) 2 =) )il A
-~ _("‘(l e -\\)'é ,"i}\_(‘/! ’/~— /‘|—' \7/ b/::(!| ‘}
SR . ; ~ P, . N & b Y)
C - ¢ > Q =3 c
?/ F j - > P ! i i‘ i PS i > <
o o - T < - & - © P

Nagpal et al.(2018), Nutrition and Healthy Agin



Study of Microbiome and RF-EMF : methods

% Aim: To investigate th&F-exposure-induced changefsmicrobiome compositions in rat

/7

*» Reverberation chambersasRF exposure systemKIT, Daejeon, Korea)

/7

s EXxperimental schemes

Harlan SD male rat, Cage control- (h=29), Sham- (n=30) and RFR (n=30) group
900 MHz CDMA (Wb SAR 4 W/kq) for 18 h 20 min (10 min on/off)/day

GD5
RF Exposure Start Weaning
- duration
Acclimation 1‘3 AN - _Gestation Lactation —year carcinogenici
Receipt ' A
GD1 GD21 PND21 Necro
/PNDO JWN1 (Day 7[2)?]r

IJay‘)225 I]av{392 [lavﬁ'll 2
Fecal sampling (KIT) - - (-
at 225, 392, and 712 days — = Data Source: KIT

Microbiota analysis of fecal microbiota (L&SBNA amplicon sequencing)
Interpretation of data



Changes of Body weight and Food consumption durinBF exposure

+ Changes obody weight

700 r

600 —4—cage controli—Sham exposeé-+— RF exposed

500 |
400

CTL<RF<Sham

____—-

e

300 | RF<CTL<Sham .
200 F1 males after Weaning
i Cage vs RF +T = Student T Test Significant at the 0.01 level
*T = Student T Test Significant at the 0.05 level
100 k Sham vs RF"  +T = Student T Test Significant at the 0.01 level
*r = Wilcoxon Rank Sum Test Significant at 0.05 level
—20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Day 120 148 176 204 232 260 288 316 344 372 400 428 456 484 512 540 568 596 624
* .
% Chan i nsumption
* .
C a ges 0 OOd consu pt 0 m Cage control = Sham exposed ®RF exposed F1 males after Weaning
30 ¢ +T ir or or +T +T +T ir
+T +T +T 4T +r +r 4T 4T
25 b M L Lt T TV LTy o et o7 AT AT T T T ST ] g T A LIt 1)
u THR™) gl g™ T1) 1 ST | Ll R L™
0 b 1) BN THHT T HIT ) ) ) T1
15 F +r1)
10 RF ®M&& CTLRt H| X8t ALR 3= 0JHS| 24
i [ [T
0
o s O o) \} A &> 5 v Y o ) Q g el © fe) N 9 Q 5 o) N 9 A\ & & W\
SN P PS4 %QO)\Q\'»\'» \%W\q;awf@fg»%‘vn;\@@bﬁobgngg\@@
Q0@9@9@0@9@0@9@9@9@9@9@0@0@&oo00@0@0@0@0@0@000ooo‘ﬁoooooo“’*
Cage vs RF +T = Student T Test Significant at the 0.01 level +r = Wilcoxon Rank Sum Test Significant at 0.01 level
Sham vs RFY +T = Student T Test Significant at the 0.01 level +r = Wilcoxon Rank Sum Test Significant at 0.01 level

Data Source: KIT



Result: Microbiome Alpha-Diversity

* Microbiome index analysis : Observed OTUs and Shannon (B 22392

D 225

D 392

Observatgion

1300

1200

1100

1000

900

800

700

600

500

Observed OTUs

Observatoin

5:5

4.5

Shannon

= (P=0.008)
= =12
s goq\

B CTL (n=29)
B Sham (n=30)
B RF (n=30)

v RF group
v" Higher richness
v" Higher diversity
v Similar in pattern (2 indices)|

Observatgion

1300

1100

1000

900

700

600

500

Observed OTUs

r

Observatoin

4.5

35

Shannon

(P=0.002)
NS. (P=0.262)
{P=0.02

v Similar in pattern (2 indices)
v' Changes in patterns are also similar overtime

» Observed OTUs: Number of species distributed / sa(nigleness)
* Shannon indexDiversity of the species present in the sample



Result: Microbiome Beta-Diversity

s Comparison by groups: CTL, Sham, and RF

204 PC (19.842 %)

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Principal coordinates analysis
[Unifrac, Species, Include Unclassified OUT(reads)]

D 225 (73225CTL(C} 225Shari.} 225RH
D 392 (0392CTL () 392Shan{) 392RH

-0.06 -.004 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30

13 PC (38.346 %)

v" Significant differencén beta-diversity between D 225 and D 392



Result: Differentially Abundant Taxa of Microbiome

+» Cladogram: Taxonomic changes in fecal microbiome (D 225)

» LEfSe cladogram (Three-group comparison)

. CTL
HEm RF -rat
EEm Sham rat

& Bifidobacterium

b: Bifidabacteriaces

c: Bifidobacteriales

#; Actinobacteria_¢

& Qlsenclla

: Coriabacteriaceas

a: Corlobacteriales

h; Carlobacteriia
HM124200_g

J: Muribaculum

k- PACO00186_g

I: PACOD0187 g

m: PACOO1112_g

n: PACO01692_g

©: PACO01765 g

pi Muribaculaceae

q; Parabactarnides

r: Porphyramenadac

s: Allopravotella

t Prevotells

u: Prevotellaceae_u(

: Bacteroidales

w: Bacteroidia

« Staphylacoceus

: staphylococcaces

acillales

a0: AT442821_g

al: PACODI207_g

a2: Christenseneliac

a3 Clostricium

ad: Clostridiaceas.

a5; Eubacterium_g17

a6: KE159538_¢

a7: KEI39600_g

aB: Kirwothrix

a9; PACODOGS6_g

b0: PACODOET1 g

b1 PACODOTA0 0

b3; Ruminccaccus_ad
ba: Romhbautsia

bS: Peptostreptococcaceae
bé: Acutalibacter

b7; Eubacterium_g23
b8:JQ084194 5

b9: PACODOE6 g

cO: PACO006E3_g

€1: Pseudoflavonifractar
€2; Ruminecoccus

3 Sporobacter

cd: Ruminococcaceas
c5: Allobaculum

61 Faecallbaculum

: Turicibacter

<8: Erysipelotrichaceae
£9; Erysipelotrichales
40: Erysipelatrichi

d1: PAC000197 g

2; PACO0OLST

d3; PACOO1108 g

d4: PACO01109_g

d5: PAC001057_a

d6; Mallicutes

d7: Akkermansia

d: akkermansiaceas
49: Verrucomicrabiales
©0: Verrucomicrabiae

» LEfSe cladogram (Two-group comparison)

Wl RF -rat
= Sham rat

@ Bifidobacterium

b Bifidabacteriaceas
©: Bifidobacteriales
4 Actinobacterla_c

& Corlobacteriaceae
F: Coriobacteriales

: Corlobacteriia

hi HH124200 g
Muribaculum

|+ PACODG198 g

k: PACD01068_g

1 PACO01112 g

m: PACOD1692 g

n: PACOO1765 g

©: Muribaculaceae

p: Parabactaroides

4 Porphyramenadacear
r: Pravotaliaceas uc
5: Bacteroidales

& Bacteroidia

u; Staphylococcus

w Staphylococcaceae
w: Baciliales

x: AV442821 g

¥ PACO01207_g

z: Christensenellacene
50: Clostridium

al: Clostridiaceae
a2: Eubactenum 924
a3: KE153538_9

B4: Kineothrix

55: PACOODEBA o

a6: PACOO0STL g

s7: PACO00740_0

a8: Ruminocaccus_ g4
a9: Romboutsia

b0: Pentostrentotoceaceas

bl: Eubactenium_g23
b2: Eubacterium_g8
1084194 g
PACDO0E61 g

b5: PAC000683_3

b6: Pseudoflavanifractor
b7: Sparobacter

b8: Ruminococcaceae
b9: Turicibacter

<0 Erysipelotrichaceae
«1: Erysipelotrichales
<2; Erysipsiotrichi

£3: PAC000197_3

©d: PACOOO1ST f

©5: PACOOLL108 g

6 PACOO1057_F

©7: PACOO1057 o

8: Mollicutes

<9; Akkermansia

40: Akkermansiaceae
d1: Verrucomicrobiales
d2: Verrucamicrobiae




Result: Taxonomic composition

< Relative abundances of the top bacterial pkRI892) v' Similar pattern

100%
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W Saccharibacteria TM7
B Cyanobacteria
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Taxonomic composition

Result

lar pattern
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In Summary

*» The fecal microbiomeompositionof the 3 groups walseterogeneous
“* The major phyldooked different in the RF-exposed group compared to cage-control and shandespese

Take home messages

GUTHICROBIOTA
Toxins, metabolims s products

)
GUTICROBIOTA BRAINAXIS
~ Metabolites, toxing throtgh the BBB

* RF-EMFmay cause changes of gut microbiomeat.

*» This RF-exposure associated alteration of the gut

HRARXIS (ACTH)
W

_ KIONEVHEARTAXIS
A :.1 RAS pathway)

tored by hype diabetes)
/7
. )
MR T
ey - — /i _ ]
V.S e |
& By
Sorisol :’1 i
. % o g

GUTHICROBIOTA-HEART ——~ =

microbiomeneed to be studied further

This work was supported by the ICT R&D program of MSIT/IITP [2019-0-00AGudy on Public Health and Safety in a Complex EMF Environment]
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