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KOpua onuetla

Ol yeveTikeg HENETEG 0TO IBS Baolfoviol 0 OLKOYEVELEG KOl LEAETEG
0€ O6LOUHOUG, OE TIPOCEYYLOELG UE Olagdopa uTtoPndLa yovidLa Kal o€
VEVIKEC LEAETEC OUVOEDNC YOVLOLWUOTOC

Nopa ta peyado HeyEBnN delypatwy, TNV aAvENUEVN OTATLOTLKNA LOXU
KOLL TLC LETA-AVOAUOELC, Ol OETIKEC OUOYETLOELC LETOEL TWV
yoVvIOLaKWYV TIOAU LOPPLOMWV KOL TwV UTTOTUTIWV Tov IBS elvall akoun
acadeic kal toA\oil cuoxetiopol 6gv €xouv avarmopaxOel oe AAAoOUC
nAnBuopouc

OL ETYEVETIKEG Kall Ol GOPUOKOYEVWHLKEG AVOAUOELG ELvaL AKOM
oTnv apxn

Eva onpovtiko mpoPAnpa otnv pevva tou IBS eival n EAeun
LEYAAWV OLLOYEVOTIOLNUEVWY OUAOWV EAEYXOU TIEPLTTWOEWV TIOU VOl
glval cUUPWVA PE TUTIOTIOLNEVA KOIL EVOPUOVIOUEVA KpLTRpLa



KAnpovoulkotnta

OETLKO OLKOYEVELAKO LOTOPLKO Elvall ETILBAPUVTIKOC
nopayovtac avéavovtac 2-3 GopeC TNV IBavoTNTO OTOUC
QTIOYOVOUC

MeAetec o SLOUpoUC urtootnpilouv OtL To IBS pmopet va
glval (Lo TToAuTIapayovTLKN dlatapayn YVEVETLKAC Kal
nepBaArlovtikne mpoelevonc. MExpL onpEPA, EXOUV ViIVEL
neplmou nevte HeEAETEC o€ SLOUMOUC KOl N YEVETLKN
KANPOVOULKOTNTA 0TA LOVOLUYWTKA KUPLwe Sidupa eKTLHATOL
o€~ 22-57%
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[ToAAamAd emtiteS o TOAVTIAOKOTNTOG O€ TTEPLBAAAOVTIKO KAL YEVETIKO 1)
ETILYEVETIKO eTiTTeSO cLUBAaAAovY otV TNV TaBoyeveon Tov IBS kat Tig
oXETL(OUEVEC OLVONKEG

Extrinsic factors Intrinsic factors Central neurobiological/behavioural intermediate phenotype Clinical phenotype
Genes
Emotional regulation
SNPs, >
CNVs. indels Chronic fatigue,
, depression,

Methylation, anxiety

acetylation, Visceral sensation/
Psychological stress, miRNAs pain modulation
sex, smoking, diet HPA

o Brain—gut axis
Migraine,
| fibromyalgia

e | Spinal afferents
dysbiosis

Gut microbiota

Chronic abdominal
fc? % pain or discomfort
f % () and altered bowel
o yﬁ% habits: IBS

%G%%i%j Gl transit secretion

5 & Peripheral intermediate phenotypes (gastrointestinal function/ENS)

Nat Rev Gastroenterol Hepatol. 2016;13(2):77-87



[evetikol TOAVHOP@LOUOL 0TO Serotonergic
oVO TN Q.

Is it “irritable brain” or “irritable bowel”?

Genetic alterations on irritable bowel syndrome

Gene

Polymorphism

Ref.

Serotonergic system

SERT promoter

HTR34
HIR3B
HTR3C

HTR3E

5-HTTLPR, deletion
rs25531
-42C =T
386A =C
489C = A

1562625044

[13-17]
[81]
[50]
[82]
[83]

[50]

World J Gastroenterol. 2014; 20(2): 376—383

Gene | SNP HGVS nomenclature | Functional General or IBS subtype Association with Case | Control | Country of | Reference
database variant mixed |BS comorbid disorder | Group | Group | origin (see main
number (RS) or other (n) (n) text for

quantitative traits details
and
reference
list)

SNPs in genes in serotonergic pathways

SLC6A4 rsd795541% £.28564359_28564360insG | c.-1950_-1949insC No association 1034 1377 USA, UK, 34

Turkey,
China, Korea

LS genotype with IBS-D 54 91 Turkey 8

SS genotype with IBS-C

and LS genotype with

IBS-D

S5 genotype with IBS-D 194 448 USA ES

SS genotype with IBS-D 190 437 Korea 36

S allele with M-1BS, but 50 53 USA 39

not IBS overall

SS genotype with IBS-C 151 100 India 10

S5 genotype with IBS-D | Higher 5-HT level in 150 252 India 7

rectal biopsies

SS genotype with IBS 119 238 China 4
No association 3 56 Korea 4
No association 256 120 USA 3

LL genotype with IBS-C 81 48 China 2

LL genotype with IBS-C 87 % China 3
LL genotype with the total IBS, 99 m Korea 32
1BS-C and IBS-M

SS genotype with 133 USA I

depression in IBS; LL




| 1ML | pRUILA || R T
Adrenergic and opioidergic system L
o achenegic rceptor 02 del 322325, deltion 19 SNPsingenes involved i harir inegriy
WA19IC>G  [19.84] OH |60 |gWTBI0h | o500k Al ithPHBS W W |G | Y
COMT 02A-1291C=G [20]
vVal 8Met [21,22]
R e 000 | TR | glBAIG | oSG Wi 5. %o | |R
rs806378 [24] el
CRH-RI 157209436 [27] SNPs ingenes invlved n il aid synthess transportand excreion
rs24292e 7] M8 | clERM | I | pRTN oMty | Aot tstin S | 05 | I8 |U |
BDNF Val 16Opet [85] 5] )
OPRMI 118A>G [85]
Cytokines
IL-10 -1082A>G [28-30] Galelewithincressedble | %4 | 30 | USA 1%
396T>G [30] acdssynthesis and
ST =G [34] aireton
TNF alpha 308G > A [28]
s oo - RS e [ el et ) | &5 | [ [
- i s SO | pUTOE0A |26
2848 G> A [84] *Thi SNPreEresentsaEolxmorﬁh'c regiuncansistinﬁuf anindel for examEIe either an insertion orade\etioniof43 erflilnucleotidesi resEectivelx. This NP s wmmon\x
ILIR Pst-I1 1970C =T [86]
L4 -590C > T [84.87]
33T [87]
IL6 -174G > C [84.86]




GWAS

v H naBoduoioloyia tou ouvdpopou suepéBlotou eviépou (IBS) ival
neplmAokn Kot e€akoAouBel va eivall eAaylota katavonth. Elvatl yvwoto
OTL UTLAPXEL KANPOVOULKN OUVIOTWOO, AAAA OL TTIPOCTIABELEC «KUVNYLOU»
yoviOiwv OV EXOUV EVIOTILOTEL ALKOUOL TO cadr) YEVETLKO TOTIO KLvdUVOoU
yla to IBS.

v/ ETTTA YOVISLWUATIKEC TIEPLOXEC, TtoU PLhofevouv 64 urtoPridLa yovidia
£Youv evtorlotel. H Aettoupylkn avaAuon autwy Twv yovidiwv €detéav
N pUOULON TNS SpaoTnPLOTNTAC TWV SLOUAWV LOVIWV WC TtLo Tiavn
060¢ Ttov emnpealeL Tov kivouvo IBS.
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Front. Psychiatry, 14 August 2020

Function

Neurotransmission
Serotonin biosynthesis

Serotonin reuptake;
Seretonin receptors

Adrenergic receptors,

Gene

Tryptophan hydroxylase (TPH1 and
TPHZ isoforms)

Serotonin reuptake transporter (SERT or
SLC6BA4); 5-HT receptor 3A (HTR3A)

Adrenergic receptors alpha (ADR2A,
ADR2C, ADRA1D), Catechol-o-methyl
transferase (COMT)

Neuropeptide S receptori (NPSR7)

Cannabinoid receptor1, (CNR1/CBT),
Fatty acid amide hydrolase (FAAH),
Corticotropin-releasing hormone binding
protein (CRHBP)

Barrier function, Immune and Inflammatory Mediators

Barrier function,

Toll-like receptor 9 (TLR9), Cadherein 1
(CDH1)

Interleukin (/L)-6, IL-10, Tumor necrosis
factor-alpha (TNF0), IL-8, TNFSF15

lon Channels and Bile acids

Voltage-gated sodium channel NaV 1.5
(SCN5A), G protein-coupled bile acid
receptor 1 (GPBART), Klotho Beta
(KLB)

Polymorphism

rs4537731, rs211105,
rs4570625

5-HT transporter linked
promoter region (5-HTT
LPR) deletion; rs25531;
rs1062613

alpha(2C) Del 322-325;
alpha(2A) —1291;
rs1556832, val158met
rs2609234, rs6972158,
rs1379928, rs1379928
AAT repeat frequency,
rs806378 C385A,
rs10474485

rs5743836

rs1800870, rs1800872,
rs6478108, rs6478109,
rs7848647, rs4263839

rs11554825,
rs17618244

Endophenotype

IBS-D, IBS-C

IBS-C, IBS; IBS-D,
symptom severity and
anxiety

IBS-C, severity,
alterations in brain
regions, IBS

colonic transit, pain and
gas

IBS, abdominal pain,
IBS-D, colonic motility,
transit time, emotional
abnormalities

PI-IBS, epithelial cell
barrier function

PI-IBS, IBS, IBS-D,
innate immune response

IBS, colonic transit, fecal
bile acid

PMID

21073637, 24060757

12135035, 15361494, 17040410, 17564628,
17074108, 17241856, 18511740, 19426812,
19125330; 19125330, 24069428, 24512255,

21420406.

19833115, 26288143

21437260

19732772

20044998

20044998, 22837345

20044998, 21752155, 16279907, 23595519,
12477767, 15765388, 20337945, 22158028,
24409078, 22684480, 21636646, 25824902

Table 1 shows genetic changes associated with IBS and IBS endophenotypes. PMID, PubMed ID; IBS-D, IBS diarrhea subtype; IBS-C, IBS constipation subtype.

Sec. Psychological Therapy and Psychosomatics

Volume 11 - 2020 | https://doi.org/10.3389/fpsyt.2020.00805
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7a-Hydroxy-4-cholesten-3-one (7aHCO  2-DE and HPLC-MS/MS

or 7aC4) (humans)
Gelsolin (GSN) (humans)

Trefoil factor 3 (TFF-3) (humans)

Histamine (humans)

Dimethyl sulfide (humans)

1-Octene (humans)

3-Methylhexane (humans)

Benzene (humans)

Volatile organic metabolites (VOMs)
(humans)

Short-chain fatty acid

cyclohexanecarboxylic acid
(humans)

2-DE and LC-MS/MS
2-DE and LC-MS/MS
2-DE and MALDI-TOF/MS

2-DE and MS analysis of
breath samples

2-DE and MS analysis of
breath samples

2-DE and MS analysis of
breath samples

2-DE and MS analysis of
breath samples

GC-MS

GC-M5S

Overexpressed in 1BS-D

Overexpressed in high pain IBS groups

Overexpressed in all IBS groups

Eightfold downregulated in IBS patients
after low FODMAP diet

Overexpressed in 1BS

Overexpressed in IBS

Overexpressed in 1BS

Overexpressed in IBS

Differentiate IBS-D from active IBD

Associated with [BS-D

Bile acid malabsorption

Homeostasis of Gl function and
inflammatory response

Homeostasis of Gl function and
inflammatory response

Increases the number of gas-
consuming bacteria
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J Proteomics. 2018;188:167-172

\ Protein name Protein symbaol MW pl Mascol score Coverage Expression levels
-. IRS Healthy
\ Ig kappa chain C region IGKC_HUMAN 11,773.00 55 55 54 6915 + 728 2517 + 618
Apolipoprotein E APOE_HUMAN 36,246.00 55 152 47 1307.3 + 2084 566.5 4+ 2043
Clusterin CLUS_HUMAN 53,031.00 29 56 13 22125 4 8484° 7034 + 4578
Serotransferrin TRFE_HUMAN 79,294.00 70 158 28 20785 + 580.7" 1153.7 + 493.1
Beta-2-glycoprotein APOH_HUMAN 39,584.00 95 ] 26 1965 + 62.2° 1814115
Collagen alpha-1 (XIV) chain COEA1_HUMAN 194, 478.00 5.0 51 4 187.8 + 724" 53.1 + 44
Retinol-binding protein 4 RET4_ HUMAN 23337.00 5.7 128 72 2309 + 322 14302 + 131.4"
\ Ig lambda-3 chain C regions LAC3_HUMAN 11,402.00 770 46 46 3956 + 70.1° 764311

— = _au F £ £ Fr = =



ETtiyeveTIkEG avaAVOELC

Nat Rev Gastroenterol Hepatol. 2010;7(8):465-71.

a Heterochromatin
(silent)
H=2 and HA4 DMNA methylation
histone acetylation H3 histone methylation
H3 histone trimethylation at the K9 residue
at the K4 residue Histone deacetylation
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// Epigenetic model of IBS




Methylation

—> Active W Inactive
— N

Gene promoter Gene promoter

Transcription activation

Transcription inhibition

Acetylation

Histone N-terminal tail

Lysine K27 Tri-methylation

Histone N-terminal tail

Inactive

—> Active

Transcription activation

Transcription inhibition

Histone Histone

Immature miRNA Mature miRNA

MicroRNAs i i IELI.I.I.I.

(miRNAs)
miRNA-mRNA binding
IncRNA ‘
Prot
Transcnptlon and splicing W Protein E rotein Ll
non-coding - 5

RNAs (IncRNA.s) oo

mRNA degradation and
translation inhibition

IncRNA-mRNA interaction

Transcnptlon regulation Translatlon regulation




B Factors influencing IBS E Brain-gut axis P |
Y
Genetic factors Epigenetic factors Gene expression changes
* SNPs DNA methylation, histone (in 9"";: ﬁ';gz:::';‘a%f:;t)m' and

;

;

modification, miRNA, IncRNA
DNA methylation Histone modification

L

pain modulation, sensation, immunity, barrier

function, colonic transit and secretion

7Y

& y]-* LB FAN
‘(ll\_ A — ‘/‘ 'z
V:;:"j "';L
Environmental factors INcRNA :

Gut: CNS: 1

Dietary Stress, FTTTTTTTITTIT I,

factors | psychological

factors, etc.
Peripheral/Gut factors
Gastrointestinal infection or
host-microbial factors




J Gastroenterol (2023) 58:605-621 609
Table 2 Gene methylations involved in IBS mechanisms
Methylated Genes Expression  Regulation &/or observed function Biomarkers  Clinical condition and Reference
(Lor?) analysed samples analysed (n);
(human, cells and animal
model); biological sources
Human studies
SSPO, GSTM |, 1 Association of SSPO methylation with high HAD and IBS-D (n 10), IBS-C (n 8), [20]
GSTMS, TPPP HADs and PSS scores PSS IBS-M (n 9), HC (n 23);
ADCYAP] l scores whole blood (PBMCs)
AKAPI12; PRKARIB 1
Animal studies
GR, CRF GRT, CRF| Increase visceral pain VMR to WAS rat model & HC; [137]
CRD:; GR, amygdala tissue
CFR
expression
H3K9 methylation in 1 IL-6 promotes H3K9me2/me3, preventing  IL-6, GR, WAS rat model & HC [71]
the promoter region GR transcriptional factors binding on the  claudin-1,
of claudin-1, Z0s, Tls genes promoter region; with the Z0s,
and occludin consequent increase in permeability and occludin
visceral pain
GR (NC3RI), CNRI 1 WAS increased DNMT1-mediated CNR1 ~ VMR to WAS rat model & HC [21]
methylation CRD, GR,
TRPV1,
CNRI

CNRI cannabinoid receptor 1, COX2 cyclooxygenase-2, CRD colorectal distension, CRF corticotropin-releasing factor, DNMT! DNA
methyltransferases 1, GR glucocorticoid receptor, HC healthy control, IFNy interferon vy, IL-1f interleukin-1p IL-6 interleukin-6, IL-8 inter-
leukin-8, /kB inhibitor of kB, NF-kB nuclear factor kappa-light-chain-enhancer of activated B cells, PBMCs peripheral blood mononuclear cells,
PSS perceived stress scale, VMR visceromotor response, WAS water-avoidance stress



Functional Gene Sample IBS vs controls Phenotype PMID
category
DNA methylation
Oxidative Glutathione-S-transferases mu 5 (GSTMS5) PBMCs Hyper-methylated IBS-D 26670691
stress
Neuronal SCO-Spondin (SSPO) PBMCs Hyper-methylated IBS; HAD* 26670691
genes depression
Tubulin polymerization promoting protein (TPPP) PBMCs Hyper-methylated IBS-C 26670691
SSX family member 2 interacting protein Colon of WAS® Hyper-methylated Visceral 30106160
(Ssx2ip) hypersensitivity
Par-3 family cell polarity regulator (Pard3) Colon of WAS® Hyper-methylated Visceral 30106160
hypersensitivity
Vinculin (V) Colon of WAS® Hyper-methylated Visceral 30106160
hypersensitivity
Glucocorticoid receptor (Nr3c1) MS Amygdala/DRG Hyper-methylated Visceral 25263804;
neurons in WAS® hypersensitivity 23084728
Corticotropin-releasing factor (Crf) Amygdala/DRG Hypo-methylated Visceral 23084728
neurons in WAS® hypersensitivity
Cannabinoid receptor 1(Cnr?) DRG” neurons in WAS® Hyper-methylated Visceral 25263804
hypersensitivity
Histone modifications
Neuronal Transient receptor potential cation channel DRG” neurons in WAS®  Increased histone (H3) acetylation Visceral 25263804
genes subfamily V member 1 (Trpv7) hypersensitivity
Brain derived neurotrophic factor (Bdnf) Neonatal inflammation histone acetylene transferase (HAT) Visceral sensitivity 28439935
Calcium Cacnalc Neonatal inflammation Reduced interaction with histone Altered motility 23886858
channels deacetylase 3 (HDAC3) and diarrhea

Table 2A shows epigenetic changes, including DNA methylation and histone modifications associated with IBS or IBS models. *HAD, hospital anxiety depression scale; PMID, PubMed ID;
WAS, water avoidance stress; “DRG, dorsal root ganglia; IBS-D, IBS diarrhea subtype; IBS-C, IBS constipation subtype; Hyper-methylation, increased methylation; Hypo-methylation,
decreased methylation.




Functional Gene Sample IES vs Phenotyvpe PTILID
category controls
DrMNA methylation
Oxidative Glutarhione-S- PEMCs Hyper- IES-D» 26670691
stress transferases mu 5 methylated
(E5TRS)
MNeuronal SCO-Spondin PEMCs Hyper- IBS; HADY 26670691
Eenes 5523 methylated depression
Tubulin PFPEMCs Hyper- IES-C 2e670ke91L
paolymerization methylared
promoting protein
(TFFF)
SEX family member Colon of wash Hyper Wisceral 30106160
2 interacting methylared hypersensitivity
protein [(SsxZip])
Par-3 family cell Colon of Was? Hyper Wisceral 30106160
polaricy regularce methylared hypersensitivity
(Pard3)
Vinculin [Vel) Colon of Was? Hyper Wisceral 30106160
methylared hypersensitivity
Glucocorticoid MS Amyedala, Hyper- Wisceral Z25Z25380<%;
receptor [WrZcl) DRG™neurcns methylated hypersensitivity 22084722
in wWas3
Cortcotropin- Amygdala,/DRG Hypo- WVisceral 230847228
releasing factor newrons in methylated hypersensitivity
[crf) was®
Cannabinoid DRG™ neurons Hyper- Wisceral 25263304
receptor 1[CnrI) in was$ methylated hypersensitivity
Histone modifications
MNeuronal Transient receptor DRG™ neurons Increased WVisceral 252633042
Eenes potential cation in was? histone [HZ] hypersensitivity
channel subfamily acerylaticmn
W member 1
(Trpvi])
Brain derived MNMeonatal hisrone Wisceral 28439935
neurctrophic factor inflammarion acerylene sensitivity
[(Bdnf) transferase
(HAT)
Calcium Cacnalc MNeonatal Reduced Alrered morilicg 238835852
channels inflammmarion interacoomn and diarrhea

wirth hisvone
deacetylase =
(HDACS)



MmiRNAS

Protein synthesis
imhibited

0w\

Decreased glutamine
synthetase expression

W

Decreased intestinal
glutamine

Increased intestinal permeability
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Tight junction

e 9 " 6 e--—— Epithelial cell

(Leaky gut)

-i-q....l'

Treatment
strategy
_A'"A"u
—\.‘I
miR-29a inhibitor |
Enhanced glutamine
synthetase expression
Increased intestinal
glutamine
or
administer
glutamine

l

Recovered intestinal
psnneabllrty

4
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Expert Opin. Biol. Ther. (2011)11(8):991-995



Potcnual climical

Blicro BMNA Targst Population studaced Besulls Sugpesicd mechanism apphcabality
miRMNA-24 Serotonin 10 IBS patients miRMA-24 upregulated in miRMNA-24 inhibits miEMNA-24 inhibivor
reuptake amd 10 healthy IBS patients and SERT
lramsporier palicnts; IBS mmilesiinal mucosa ol cxpression amnd
(SERT) mouse model mice aggravates TBS
RN A -2 MNEFKB- 183 IBS and 36 Increased levels of iR MNA-29 targets i RN A-29
repressing HC miEMNA-29 and reduced and reduces inhibitors for IBS
factor{NERF) levels of NKRF and claudins amd with increased
and claudin- 1 clauwdin-1 in paticnis MNERF, which poermeabality
BEences with TRBS-T> increases
intestinal

miRMNA-150 and
miRMNA-342-3p

i RN A - 199

miRMA-S 10

Cilutamine
synthetase
mene LU

Multiple targcls
incloding
telomerase-
related
proteins
dyskerin, amnd
prosurvival
profein Kinase:
AKTZ

Transient
roccplor
potential
vanilloid type
I (TRPY 1)

signaling

MAir _2'.;‘ knock-out

TIanCes

19 IBS-I» and 10
HC

5 1IB5. D, 5 IBS-
C, 2 TRS-M,
and 31 HC

45 IBS-I} and 40
HC

Wisceral
hypersensitivity
rat models

g% 1IBS-1», 9O
TRS5-C and 104
HC (UK 119
IBS-ID and 195
HC (Germany)

Decreased intestinal
hyperpermeability 1
Mir-29 knockout mice

Increased miRMNA-2%9a in
IBS-I patients with
increased intestinal
permeability (429 of
TBS-T) patients)

Increased level of
miRMNA-150 and
miRMNA-342-3p in IBS

Decreased colonic
miEMNA-199 corrclales
with wvisceral pain in

patients with 1BS-1»

Roduced miRMNA-19%a in
rat DRG and colon
tissue associated with
wisceral
hypersensitivity

HTRFE wvarianl c.
FTO0OG > AL associated
with female IBS-1y

permeability

miRMNA-29a
Increases
membrane
permeability by
decreasing
GLUL gene
expression amd
glutamine level

InNamrmatory.
pain, and
mmotility
pathways

i R NA- 190
decreases
wvisceral pain via
inhibition of
TRPWVI
signaling

Wariant of HTR3E
reduces hinding
and inbabitory
effect of
miRMNA-510,
thus Incremsing
expression of
5-HT3E protein
in IBS-y

mi R NA-29 inhibitor
and glutamine for
RS with
increasod
intestinal

permeability

Possible role as
biomarkers

o R NLA- 190
procursors for
pain in TRBS

Unclear clinical
impact of
miaRMNA-510 in
IBS

HC, healthy controls; NFEKB, NMuclcar lactor-kB; NEKRE, NFKB- repressing lactor; DRG, Dorsal rool ganglia.
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Fig. 1 Epigenetic factors involved in gut-brain axis dysregulation —
Histone acetylation and miRNA expression triggering biomolecular
pathways involved in IBS. The underlying hypothesis envisages
miRNA such as miR-24 and miR-29a having a direct involvement in
pain perception and increased IP. An akin effect is induced by SB, a
great HDAC inhibitor, produced at high levels by Firmicutes. In
contrast, high SB levels were shown to restore IP and dysbiosis.
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Gene induction

— IEC Renewal +——

NGF released by
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—@ Activation
— Inhibition

— Induction

Increased histone acetylation elicits NGF production by enteric glial
cells resulting in higher SM contractility and pain perception. High
SBMMM&MMMMMW:

mechanism, both impair and restore intestinal
permeability. AHR aromatic hydrocarbon receptor, /EC intestinal
epithelial cells, NGF nerve growth factor, S8 sodium butyrate, VIFP
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Studies demonstrating gut microbiota in subjects diagnosed with IBS in comparison
to normal healthy subjects with no IBS type symptoms.

Microorganisms Quantity Study
Bifidobacteria Decreased 5i et al.,
Rajilic-Stojanovic et al.
Kerckhoffs et al.
Bacteroidetes Increased Rangel et al., Carroll et al.
Decreased Jeffery et al.
Krogius-Kurikka et al.
Actenobacteria Decreased Krogius-Kurikka et al.
Lactobacillus Increased Tana et al., Carroll et al.
Decreased Malinen et al.,
Chassard et al.
Aerobicbacteria Decreased Carroll et al.
Faecalibacterium spp Decreased Rajilic-Stojanovic et al.
Coliformis Decreased Balsari et al.
Enterobacteriaceae Increased 5i et al, Carroll et al.
Chassard et al.
Clostridium coccoides Increased Swidsinski et al.
Protecobacteria Increased Carroll et al.
Krogius-Kurikka et al.
Veillonella Increased Tana et al.
Ruminococcus torgques/bromii Increased Rajilic-Stojanowvic et al.
Lyra et al.
Firnmicutes Increased Jeffery et al., Sundin et al.
Acrobes Increased Mattd et al.
Eubacteriumrectable Increased Swidsinski et al.
Pseudomonas aeruginosa Increased Kerckhoffs et al.
Dorea Increased Rajilic-Stojanovic et al.
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Unstable gut microbiota cause chronic gut dysfunction

Unstable gut
microbiota contribute

Host factors

alter microbial IBS

habitat in gut to unstable habitat
v




Psychological comorbidity
= Anxiety

= Depression

= Somatization

Brain—gut axis Spinal afferents

Aberrant neuronal function

* Increased visceral pain
perception

* Altered secretomotor
function

[Altered immune function |

Innate immune cells i

@"@

Mlcrobiota
food antigens

Figure 2 | IBS-related pathways, based on genetic and epigenetic findings
including potential pharmacogenetic targets. Different pathways might be affected
in specific subgroups of patients with IBS: epithelial barrier (permeability) and immune
funcrion, neuronal processing and signal transduction via spinal afferents from the
periphery to the central nervous system in addition to the bidirectional crosstalk via the
brain—gurt axis, presumably contributing to psychological conditions such as anxiety,
depression and somatization. miR, miRNA.
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” Gastrointestinal motility and sensation Gut brain axis

Potential effect
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Am J Physiol Gastrointest Liver Physiol312: G52-G62, 2017



GUT-BRAIN-LIVER AXIS

I

Pyschological Distress

Gut dysbiosis

Increased intestinal permeability
HPA hyperactivation

Epigenetic regulations of stress-
related genes

Low-grade inflammation

'

|

IBS MAFLD
 Visceral hypersensitivity * |Insulin resistance
« Altered motility patterns » Visceral adiposity

» Hepatic lipogenesis
and steatosis




GUT-LIVER-BRAIN AXIS

Common Pathways

Chronic psychological distress (e.g., anxiety, early life
trauma)

HPA axis hyperactivation — CRH, ACTH, cortisol
Serotonin alterations

ANS dysregulation (| vagal tone)

Altered serotonin signaling

Epigenetic regulation of stress-related genes (e.g.,
FKBPS, NR3C1)

Visceral hypersensitivity
Altered motility patterns
Persistent gut-brain signaling

abnormalities
Low-grade systemic inflammation
11L-6, IL-1B, TNF-a, CRP
NAFLD TLR4 activation
Insulin resistance
Visceral adiposity
Hepatic lipogenesis and steatosis
Kupffer cell activation
Microbial dysbiosis

| Short-chain fatty acids (SCFAS)
tintestinal permeability/LPS translocation
[ SYStGMiC & nepatic inflammation

1 LPS translocation

Livers 2025, 5(3), 43; https://doi.org/10.3390/livers5030043
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FODMAP ="Fermentable Oligosaccharides, Disaccharides,
Monosaccharides And Polyols

Oligosaccharides: fructans and galactooligosaccharides (GOS)
Disaccharides: lactose

Monosaccharides: fructose

Polyols: sorbitol and mannitol

low FODMAP diet improves IBS symptoms



Diet & IBS

o Relationship between diet and
abdominal symptoms is well recognized

o From the patient's perspective, the most
frequently perceived cause for symptoms
is food intfolerance

o Up to 50% of paftient’s with IBS symptoms
worsen affer a meal

0 60% of patients with IBS believe they have
a food allergy

Leq ef al. Gastroenterol Clin North Am 2005:34:247-55



TRIGGER

* Apples a e Cauliflower * Dairy products yor

* Beans * Gum, beverages, or ¢ Fatty foods

e Broccoli ﬁﬁ. foods sweetened w. * Margarine

» Cabbage fructose or sorbitol * Nuts ﬁ‘%

e Caffeine ¢ Chocolate -‘ * Orange & grapefruit juices

* Wheat products

All right reserved Harvard Health Publications 2015
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Mechanism of action of FODMAP

FODMAPs can
Increase
fermentation in
the colon leading
to increased gas
production

180
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Colonic gas volume (ml)
Z
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=
|

DRINK

T T T 1
50 150 250 350

Time (min)
—— Glucose —8— Fructose
—i— Fructan —w— Glucose + fructose

Murray et al. 2013 AJG

Other mechanisms of action have been proposed,

but require more robust scientific evaluation 17
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* Symptoms improved in patients with IBS
No difference for healthy controls
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Potential long-term safety concerns

Dietary modifications have potential to:

— Reduce nutritional adequacy / food variety

* Data-to-date suggests nutritional adequacy is largely
maintained

— Reduce quality-of-life
« Studies to date have shown improvement in quality-of-life

— Alter the microbiota

« Studies have shown alterations in the microbiota, with some
reductions in fecal Bifidobacteria noted, but the implications
of this are not fully understood
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Genetic variations in drug metabolism, polymorphisms at

CYP2D6 affects tricyclic antidepressants and selective serotonin-
reuptake inhibitors
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Future approach in IBS genetics or
epigenetics researc

Case—control characterization or tissue sampling

I B B S B 3 ﬁ, ﬁ Deep phenotyping
-\ i\ = Selected questionnaires: to assess
Y¥yYyuyw H E Family history? gastrointestinal symptoms and
— comorbid conditions (depression.
1 '1 " & '1 h ﬁ anxiety. somatization)
I TRt TRl IR TRyt = Measuring gastrointestinal function:
¥ ¥ Yy ux v u transit studies, visceral sensation,

IBS Control Families permeability
= Braim imaging

Detailed CRF assessing extrinsic

factors 5|:J(_:h as stress. !nfectmn. Sampling
and nutrition, in addition to

clinical parameters and medication T

!

Data integration and modelling

= CRF data. phenotypic data

= Extrinsic data (stress, infection. nutrition)

= Genetics (SNPs. CNVs. small indels)

= Epigenetics (hypomethylation or hypermethylation., miRMAs)
= Biostatistical integration of data

! !

Generation of data Mowvel IBS subgroups
Go Based on molecular patterns referring to affected pathways

SNP Chip/NG5/
Cells/tissues MeChip

of interest RNA *
RMASeq/validation by 1

additional technique

@ t i é

. QQU*TF | ':‘

Validation of data - * @ i
T L

l l
N R o /W
B el T e T Er e, %ﬁ? % g %E} %g G:gg

and miRNA level in patient tissue and cell lines
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