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		pubmed - "Microbiota"[Mesh]

		year		count

		2011		194

		2012		310

		2013		1297

		2014		2717

		2015		3799

		2016		4661

		2017		5190

		2018		4099

		2019		567
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		pubmed - ("Microbiota"[Mesh]) AND "Pharmacologic Actions"[Mesh]

		Any		Count

		2011		6

		2012		5

		2013		83

		2014		237

		2015		272

		2016		413

		2017		478

		2018		383

		2019		51
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Antibiotics: Estudi primerenc

Estudi en humans sans:
- 4 sense tractament antibiotic
- 4 amb tractament antibiotic

Tractament: 7 dies de clindamicina 150 mg/6 h
Estudi de PCR a Bacteroides

Seguiment a 2 anys

Jernberg C, Lofmark S, Edlund C, Jansson JK. Long-term ecological impacts of antibiotic administration on the
human intestinal microbiota. ISME J. 2007;1(1):56-66.



Antibiotics: Estudi primerenc
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Altres
Antibiotics

TABLE 1

Pharmacodynamic and pharmacokinetic overview of select antibiotics and their effect on the

Kim S, Covington A, Pamer EG. The
intestinal microbiota: Antibiotics,
colonization resistance, and enteric
pathogens. Immunol Rev.
2017;279(1):90-105.

n:Iiu:nc:rl:ri::d:a‘j‘—g_as—aI[:I 233.35.31
Ampicillin Clindamyvcin  Metronidazole Neomycin Vancomycin
Classification Aminopenicillin Lincosamide  Nitroimidazole Aminoglycoside Glycopeptide
Foute of Intrammscular Intrammscular  Intravenouns Intravenous Intraocular
administration Intravenous Intravenous Oral Intramuscular Intraperitoneal
Oral Oral Topical Oral Intrathecal
Topical Vaginal Topical Intravenous
Vaginal Intraventricular
Oral
Spectrum (1) Gram + (1) Gram + (1) Anaerobes (1) Gram — (1) Gram +
(2) Gram — (2) Anaerobes (2) Aerobes (2) Aerobes
(3) Anaerobes
Intestinal absorption  Moderate High High absorption  Minimal Minimal
by oral administration absorption absorption absorption absorption
Site of absorption Small Intestine  Small Intestine  Small Intestine — —
Clearance mechanism Renal® Biliary Renal® Biliary  Renal Renal® Minimal
Biliary
Microbiota diversity  Long-term Long-term Short-term Long-term Long-term
with oral changes changes changes changes changes
administration
Microbiota diversity  Long-term Long-term Undetermined  Minimal Minimal change;
with systemic changes changes changes

administration




Antibiotics: “multiomica”

Estudi en 1 pacient, pero s’estudia:
> Microbiota

- Metagenoma

- Metatranscriptoma (mRNAS)

- Metametaboloma

> Metaproteoma

14 dies de tractament antibiotic:
- 1ler dia: ampicil-lina/sulbactam + cefazolina
> 13 dies: cefazolina

Perez-Cobas AE, Gosalbes MJ, Friedrichs A, Knecht H, Artacho A, Eismann K, Otto W, et al. Gut microbiota disturbance
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Perez-Cobas AE, Gosalbes MJ, Friedrichs A, Knecht H, Artacho A, Eismann K, Otto W, et al. Gut microbiota disturbance during
antibiotic therapy: a multi-omic approach. Gut. 2013:62(11):1591-601.
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Trends in Molecular Medicine
Figure 2. Antibiotic-Mediated Microbiota Depletion Causes Disease in Multiple Organs. Antibiotics act on the gut

Becattini S, Taur Y, Pamer EG. microbiota by decreasing its density and modifying its composition in a long-lasting fashion. This causes reduced signaling
Antibiotic-Induced Changes in the to the intestinal mucosa and peripheral organs, which results in impaired functioning of the immune system. Depicted are
Intestinal Microbiota and Disease. examples of diseases that were shown to arise or be worsened as a consequence of antibiotic treatment in mouse models

Trends Mol Med. 2016;22(6):458-78. (see main text). Md, macrophages; NK, natural killer cells.
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Blaser MJ. Antibiotic use and its consequences for the normal microbiome. Science. 2016;352(6285):544-5.
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NO antibiotics

>1000 farmacs

« Antibacterians (antibiotics, antiseptics)

Antiinfecciosos ( protozous, fongs, parasits o virus),

Farmacs humans (diana cel-lules humanes)

Farmacs veterinaris (exclusius en animals)

No farmacs (metabolits farmacologics, farmacs d'investigacio, o substancies endogenes)

Test a 40 soques bacterianes abundants en microbiomes intestinals
d’individus de 3 continents

Correlacié amb efectes adversos de medicaments (base de dades SIDER)

Modelitzacio pK / pD

Maier L, Pruteanu M, Kuhn M, Zeller G, Telzerow A, Anderson EE, Brochado AR, et al. Extensive impact of non-
antibiotic drugs on human gut bacteri. Nature. 2018;555(7698):623-8.
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NO antibiotics
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Antineoplastics

Relacio molt complexa (TIMER):

* Translocacio
* I mmunomodulacié
* Metabolisme
* Enzims degradacio

* Reduccio de la diversitat ecologica

Alexander JL, Wilson ID, Teare J, Marchesi JR, Nicholson JK, Kinross JM. Gut microbiota modulation of
chemotherapy efficacy and toxicity. Nat Rev Gastroenterol Hepatol. 2017;14(6):356-65.



Antineoplastics

Inactive irinotecan
(SN-38G)

Toxicity and
mucositis

Doxorubicin
Cyclophosphamide

p-glucurenidase

Direct mechanisms

Methotrexate
Active metabolites
Gemcitabine

Shortening of villi
Mucosal injury

Indirect mechanisms h
* Reduction

= Hydrolysis
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Antineoplastics

Estudi en 28 pacients amb limfoma no-Hodgkin
QT BEAM (Carmustina, Etoposid, Citarabina i1 Melfalan)

SENSE antibiotics
Analisi de la microbiota intestinal

Dues mostres fecals:

« Abans de QT
* Abans de transplantament de cel-lules hematopoetiques

Estudi taxonomic i funcional (metabolic) de la microbiota

Montassier E, Gastinne T, Vangay P, AtGhalith GA, Bruley des Varannes S, Massart S, Moreau P, et al.
Chemotherapy-driven dysbiosis in the intestinal microbiome. Aliment Pharmacol Ther. 2015;42(5):515-28.




Antineoplastics:
Taxonomic

12 14
!

Obsenved species
100 200 300 400
|

- |
|

1
Before After Before After

Phylegenetic diversity
6 -?i 'II'IZI

Figure 2 | Alpha-diversity comparisons of the gut microbiomes of the faecal samples collected before chemotherapy
and after chemotherapy. Analyses were performed on 165 rRNA V5 and V6 regions data, with a rarefaction depth of
3033 reads per sample. Whiskers in the boxplot represent the range of minimum and maximum alpha diversity values
within a population, excluding outliers. Alpha diversity in faecal samples collected after chemotherapy was lower than
alpha diversity from samples collected before chemotherapy as observed with both phylogenetic (Faith's phylogenetic
diversity (PD), P = 0.01) and nonphylogenetic (observed species, P = 0.001) richness metrics.

Montassier E, Gastinne T, Vangay P, Al-Ghalith GA, Bruley des Varannes S, Massart
S, Moreau P, et al. Chemotherapy-driven dysbiosis in the intestinal microbiome.
Aliment Pharmacol Ther. 2015;42(5):515-28.
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Figure 3 | Taxonomic profile of the gut microbiomes of the samples collected before and after chemotherapy.
Analyses were performed on 165 rRMNA VS and V& regions data, with a rarefaction depth of 3033 reads per sample,
{a} Relative taxa abundance plots for individuals from the samples collected before and after chemotherapy,
summarised at the phylum level, Individuals are represented along the horizontal axis, and relative taxa frequency ks
denoted by the vertical axis. (b) Relative taxa abundance plots for individuals from the samples collected before and
after chemotherapy, summarised at the family level. Individuals are reprecented along the horizontal axis, and relative
taxs frequency is denoted by the vertical axis.




Antineoplastics:
Metabolic

Montassier E, Gastinne T, Vangay P, Al-Ghalith GA, Bruley
des Varannes S, Massart S, Moreau P, et al.
Chemotherapy-driven dysbiosis in the intestinal
microbiome. Aliment Pharmacol Ther. 2015;42(5):515-28.
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Figure 5 | Relative abundance of the most significant metabolic pathways (L2 KEGG Orthology profiles) in samples
collected before (n = 28) and after chemotherapy (n = 15) Mann-Whitney test: *P < 0.05; **P < 0.01 and

###p < (0.001. Boxplots denote top quartile, median and bottom quartile.




Antineoplastics

Reduccid drastica de la biodiversitat

Canvi de la composicidé taxonomica
« Augment : Enterococcaceae i Enterobacteriaceae

» Disminucio: Firmicutes (Ruminococcaceae, Lachnospiraceae) i Actinobacteria
(Bifidobacterium)

Canvis del metabolisme de la microbiota:
« Disminucio: Metabolisme energetic, nucleotids i de cofactors i vitamines

« Augment: senyals de transduccid, biodegradacio de xenobiotics i metabolisme de

.

glicans

Patro pro-inflamatori a Explicacio parcial de mucositis

Montassier E, Gastinne T, Vangay P, AFGhalith GA, Bruley des Varannes S, Massart S, Moreau P, et al. Chemotherapy-driven



Determinants of a ‘beneficial’ microbiome Determinants of a ‘pathogenic’ microbiome:

Host genetics Full term Host genetics Preterm
Diat Breast fad Diiat Formula fed
| Stress/anxiety \aginal delivery 1 Stressfanxiaty Caesarian delivary
| Comorbidities Problotic use tComorbidities Antibiotic use
-~
LOW RISK

QT (i possiblement RT):

e Disminucio6 de
Firmicutes
(Lactobaccilus spp.), i
Actinobacteria
(Bifidobacterium spp.),
Bacteroides spp. i
Enterococcus spp.

* Augment de
Proteobacteria (E. coli) i
Staphylococcus spp.

* Metabolits i substancies
pro-inflamatories

Wardill HR, Tissing WJE. Determining
risk of severe gastrointestinal toxicity
based on pretreatment gut microbial
community in patients receiving
cancer treatment: a new predictive
strategy in the quest for personalized o {actors nfsoncing individuet human immune responses

cancer medicine. Curr Opin Support Age (ower IFN response in sderly), sex (females have lower mo-cylokine response), seasonaity
Palliat Care. 2017;11(2):125-32. BMI, smoking siatus, host genetics, medications

FIGURE 2. Proposed mechanisms responsible for shaping immune competency including host genetics, environmental factor

and the qut microbiome composition.
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Several meta-analyses using case-control and cohort Alpha diveristy (chao1 index)
studies have demonstrated an increased risk of develop- E = . -
ing infectious and inflammatory diseases in association 6 ] .,
with gut dysbiosis secondary to long-term use of PPlIs. %m a.:_
Using 16S rRNA gene sequencing, PPIs were found to E: o0 a®
significantly increase certain taxa including Streptococ- E s00. _-_'-:?
caceae and Enterococcaceae, which are risk factors for .- . . = —
CDI, and to decrease Faecalibacterium, a commensal an- 6&& o« § .
ti-inflammatory microbe. Future studies to assess the 31:;0 oquences pef: e -
safety of PPIs and their role in microbiome changes -
should be encouraged.

Wang F, Meng J, Zhang L, Johnson T, Chen C, Roy S.
Morphine induces changes in the gut microbiome and

Naito Y, Kashiwagi K, Takagi T, Andoh A, Inoue R.
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Figure 5. Fecal microbiota biodiversity and survival in hospitalized patients. Survival distribution function
of 76 hospitalized patients categorized according to values of Chaol Index of biodiversity in fecal microbiota.
Subjects with higher biodiversity (upper tertile of Chaol Index, values = 1105) have a statistically longer
survival than patients with deeper dysbiosis after a 2-year follow-up.

Ticinesi A, Milani C, Lauretani F, Nouvenne A, Mancabelli L, Lugli GA, Turroni F, et al. Gut microbiota composition is
associated with polypharmacy in elderly hospitalized patients. Sci Rep. 2017;7(1):11102.
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Metformina

Estudi doble cec aleatoritzat amb placebo de 4
mesos de duracio, 40 pacients “naives”:

*Milloria IMC
*Milloria control glicemic

Lligats a augment de Bifidobacterium
adolescentis i Akkermansia muciniphila

*Augment de metal-loproteines i transportadors de
metalls bacterians

*Transferéncia de mostres fecals de ratolins
tractats amb metformina a ratolins “germ-free” a
Milloria de control glicémic

* Wu H, Esteve E, Tremaroli V, Khan MT, Caesar R, Manneras-Holm L,
Stahlman M, et al. Metformin alters the gut microbiome of individuals with
treatment-naive type 2 diabetes, contributing to the therapeutic effects of
the drug. Nature Medicine. 2017;23:850.
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Figure 2 Metformin treatment promotes the growth of gut bacteria.
(a) Boxplots (with median) showing B. adolescentis growth as estimated
by peak-to-trough ratio (PTR) before treatment (PO and MO) and after 2

and 4 months in individuals with T2D randomized to placebo (P2 and P4,
n = 18) or metformin (M2 and M4: n= 22) and & months after metformin
in a subgroup that switched from placebo to metformin after the
randomized study period (P/M&; n = 13). Wilcoxon signed-rank test; *FDR
< 0.05. (b-d) Growth of B. adofescentis, A. muciniphila, and E. coli as single
cultures in the presence or absence of 10-mM metformin (with six technical
replicates). Pvalues were determined by two-way analysis of variance
(AMOVA) with repeated measurements. Data are shown as means + s.e.m.
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GUDCAf GiD)
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Fig. 1| Metformin acts through changes in gut B. fragilis and bile acid signaling. Sun et al.” find

that metformin lowers levels of B. fragilis in the gut, resulting in a decrease in the enzyme BSH. The
subsequent increase in the bile acid GUDCA, which is an antagonist of FXR, increases levels of liver bile
acids and through this signaling increases insulin sensitivity.

Insulin
sensitivity

GUDCA: glycine-ursodeoxycholic acid
BSH: bile salt hydrolase activity

FXR: farnesoid X receptor

FGF19: fibroblast growth factor 19

Guo GL, Xie W. Metformin action through the microbiome and bile acids. Nature Medicine. 2018;24(12):1789-90.
Sun L, Xie C, Wang G, Wu Y, Wu Q, Wang X, Liu J, et al. Gut microbiota and intestinal FXR mediate the clinical benefits of
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Comparison of drug discovery pipeline to approaches to mapping drug effects on the microbiome.
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Metabolisme: Organ microbioma
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Fig 3. Distribution of cell number and mass for different cell types in the human body (for a 70 kg adult man). The upper bar displays the
number of cells, while the lower bar displays the contribution from each of the main cell types comprising the overall cellular body mass (not including
extracellular mass that adds another =24 kg). For comparison, the contribution of bacteria is shown on the right, amounting to enly 0.2 kg, which is
about 0.3% of the body weight.
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Wang Z, Ying Z, Bosy-Westphal A, Zhang J, Schautz B,
Later W, Heymsfield SB, et al. Specific metabolic rates of
major organs and tissues across adulthood: evaluation by

Sender R, Fuchs S, Milo R. Revised Estimates for the
Number of Human and Bacteria Cells in the Body. PLoS
Biol. 2016;14(8):€1002533.
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Box 1. The chemistry of gut microbial and host xenobiotic metabolism. (A) Chemical logic of host xenobiotic metabolism. Commonly used
chemical strategies for microbial xenobiotic metabolism include (B) hydrolytic transformations, (C) lyase reactions, (D) reductive transformations,

(E) functional group transfer reactions, and (F) transformations mediated by radical enzymes. Enz, enzyme; PLP, pyridoxal 5-phosphate; NAD(P)H, NADH
or NADPH; FAD, flavin adenine dinucleotide; FMN, flavin mononuclectide; Me, methyl; CoA, coenzyme A; SAM, S-adenosylmethionine.

A Phase | X Phase Il X=R
—_— —_— Increased size and polarity
facilitates metabolite excretion
Xenobiotic X = polar functional group R = glucuronyl, glutathionyl,
(non-polar) (OH, epoxide, SH, NHy) methyl, acetyl, sulfonyl, etc.
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Releases smaller molecules for further metabolism, enabling microbial growth Releases smaller molecules for further metabolism, enabling microbial growth
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NAD(P)H, FMN NAD(P}H, FMN X=0,NH, 8
Co(l) = cob(l)alamin bound to corrinoid protein
Changes polarity, altering bioavailability and activity; Changes polarity, facilitating detoxification and altering bicavailability;
use in anaerobic respiration supports microbial growth provision of carbon source to enable microbial growth
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Catalyze chemically challenging reactions; many participate in primary metabolism, supporting microbial growth

Koppel N, Maini Rekdal V,

Balskus EP. Chemical

transformation of xenobiotics

by the human gut microbiota.

Science. 2017;356(6344).
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Sulfasalazina

Absorption, metabolism, and excretion of

HOO
m{t :} - - NH
salicylazosulfapyridine in man " M@Soz @

SALICYL-AZO-SULFAPYRIDINE [SASP]

Salicylazosulfapyridine (SASP), 4 Gm. daily, was ingested by 9 healthy subjects for 10 days, / \

and the serum concentrations and urinary and fecal excretion of the parent drug and its HOO :

metabolites were studied. SASP is extensively metabolized by reductive cleavage of the azo HO H, H2N©'502'NH©
linkage, presumably by the action of the gut flora. The sulfapyridine moiety thus formed is N
subject to N4-acetylation or ring hydroxylation followed by conjugation to glucuronic acid,

5-AMINO SALICYLIC ACIO SULFAPYRIDINE

Schroder H, Campbell DE. Absorption, metabolism, and excretion of salicylazosulfapyridine in man. Clin
Pharmacol Ther. 1972;13(4):539-51.
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C
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Abstract. Digoxin, the most widely used cardiac glycoside, undergoes significant
metabolic conversion in many patients to cardioinactive metabolites in which the
lactone ring is reduced. This appears to occur within the gastrointestinal tract. An HO/C SLLEN
attempt was made to isolate and identify the organisms capable of reducing digoxin H E-dentum KO
. . . THDOC Pregnunolone
Sfrom stool cultures obtained from human volunteers, Of hundreds of isolates studied,
only Eubacterium lentum, a common anaerobe of the human colonic flora, convert-
ed digoxin to reduced derivatives. Such organisms were also isolated in high E-lentum fHeOH € """‘"‘1 s
* [l B 1 . L J c=0 C=0
concenirations from the stools of individuals whe did not excrete these metabolites
Eubacterium lentum = Eggerthella lenta © Elentum 0
DHDOC Pregnanedione
Fic. 1. Transformation of C., steroids by culture
of C. paraputrificum and E. lentum and culture 116,

Bokkenheuser VD, Winter J, Dehazya P, Kelly WG. Isolation and
characterization of human fecal bacteri capable of 21-dehydroxylating
corticoids. Appl Environ Microbiol. 1977;34(5):571-5.

Saha JR, Butler VP, Jr., Neu HC, Lindenbaum J. Digoxin-inactivating
bacteri: identification in human gut flora. Science.
1983;220(4594):325-7.
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Profarmac amb greu diarrea com efecte advers limitant
Activacio hepatica per carboxilesterases a SN-38

Posterior glucuronidacio hepatica per la UDP-GT a SN-38G
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4. Accio beta-glucuronidasa bacteriana intestinal a SN-38

Wallace BD, Wang H, Lane KT, Scott JE, Orans J, Koo JS, Venkatesh M, et al. Alleviating cancer drug toxicity by inhibiting a
bacterial enzyme. Science. 2010;330(6005):831-5.
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Diclofenac

Boelsterli UA, Redinbo MR, Saitta KS.
Multiple NSAID-induced hits injure the small
intestine: underlying mechanisms and novel
strategies. Toxicological sciences : an official
journal of the Society of Toxicology.
2013;131(2):654-67.
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FIG. 2. Hepatic glucuronoconjugation of diclofenac (DCF), biliary export
of glucuronides, and site-selective jejunal hydrolysis of glucuronides by bac-
terial p-glucuronidase. The local release of the aglycones causes electrophile

stress and ER/mitochondrial stress. AG. acyl glucuronide; G, ether glucuronide.
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Paracetamol

P-CRESOL 1-PHENYL-1,2-PROPANEDIONE (PPD)
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Clayton TA, Baker D, Lindon JC, Everett JR, Nicholson JK. Gong t? {_an T,d_Z(%ng (Ij- LUOIH' Y_a?_g X, ]l'i N,tChe_n X,het al. Gut
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microbiome metabolic interaction affecting human drug . .
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Inhibidors de beta-glucuronidases de la microbiota

Farmacs d’investigacio:

*Inhibitor 1: 1-((6,8-dimethyl-2-0x0-1,2-
dihydroquinolin-3-yl)-3-(4-ethoxyphenyl)-1-
(2-hydroxyethyltiourea

Amoxapina i derivats (Antidepressiu triciclic)
« 7-Hydroxyamoxapina
« 8-Hydroxyamoxapina

*Fenelzina (IMAO)

*Isocarboxazida (IMAQO)

*Nialamida (IMAO)

*Loxapina (Antipsicotic)

*Mefloquina (Antipaludic)

Non K, Kang YR, Nepal MR, Shakya R, Kang MJ, Kang W, Lee S, et al. Impact of gut microbiota

on drug metabolism: an update for safe and effective use of drugs Arch Pharm Res.
2017;40(12):1345-55.

Wilson 1D, Nicholson JK. Gut microbiome interactions with drug metabolism, efficacy, and
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Fig. 3 Alterations in toxic effects of NSAIDs, such as diclofenac, indomethacin, and ketoprofen, as well as SN-38, an active form of innelecan,
by inhibiting [-glucuronidase secreted by gut microbiota in the intestinal lumen, The [i-glucuronidase inhibitors prevemt regeneration of
dichofenae, indomethacin, ketoprofen, and SN-28 from their glucwronide conjugate forms, which can alleviate sdverse effects by regenerating the
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Milshteyn A, Colosimo DA, Brady SF. Accessing Bioactive
Natural Products from the Human Microbiome. Cell Host



Nous antibiotics

Antibiotics produits per la microbiota
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Fig. 10 Distribution of antibiotic-producing taxa over distinct

Body Site

body sites. Points represent bicsynthetic clusters predicted from genomes of

microbes isolated from human samples (based on NCEI annotation), where black points denote biosynthetic clusters (as predicted by PRISM)

with structural similarity te known antimicrobial compounds.

Mousa WK, Athar B, Merwin NJ, Magarvey NA. Antibiotics and specialized
metabolites from the human microbiota. Nat Prod Rep. 2017;34(11):1302-




Terapeutica antineoplastica

Gut microbiome Tumour microbiome

Relacio complexa N

« Decrease effective concentration of chemotherapeutic agents
» Increased MDSCs
+ Decreased MHC class | expression

« Diverse gut microbiota with variety of beneficial commensals

-
« Balance of pro-infl y and anti-infl ry cytokines 0 .

Fase d’investigacio Iincipient | mmr=geerese

+Tight mucosal barrier

« Induction of alternative immune checkpoints

« Poor clonal expansion of lymphocytes

Rol en milloria de resultats
de la terapia antineoplastica:

» Modulacio del microbioma a
Modulacio de la resposta de la
terapia immunitaria

» Blomarcador de la resposta a la | s = .xx
« Imbalance of T cell subsets with impaired immune responses

terapia antineoplastica il =

+ Attenuated mucous layer with leaky mucosal barrier
« Impaired IgA secretion

Potentially beneficial effects

« Recognition as non-self by the immune system

« Direct engagement of innate immune system

+ Increased production of anti-inflammatory cytokines

« Increased expression of targetable checkpoint molecules

» Molecular mimicry

Figure 1: Complex interplay of the gqut and tumour microbiome and the host immune system

MCQuade ‘]Ll Danie! CR! Helmlnk BA! Wargo JA. MOdU|ating APCs=antigen-presenting cells. IgA=immuneglobulin A. MHC=major histocompatibility complex. Tregs=regulatory T cells. MDSCs=myeloid-derived suppressor cells.
the microbiome to iImprove therapeutlc response In cancer. PD-L1-programmed death ligand 1.
Lancet Oncol. 2019;20(2):e77-e91.
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