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Haus E, Halberg F, Pauly JE, Cardoso S, Kuhl JF et al. 1972. Increased tolerance of leukemic mice
to arabinosyl cytosine with schedule adjusted to circadian system. Science 177:80-82
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Modificado de http://history.wisc.edu/sommerville/351/351-19.htm
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Melatonin — the darkness hormone

S

Melatonin




¥ A

9 .
e, Melatonin the darkness hormone

ecrustaceos
(Procambarus clarkii).




Jump up
A Descartes R. "The Passions of the Soul"
excerpted from "Philosophy of the Mind,"

Chalmers, D. New York: Oxford University
Press, Inc.; 2002.

http://en.wikipedia.org/wiki/Pineal _gland
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Skinner and Malpaux Endocrinology 140:4399—4405, 1999
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Melatonin Function

 Temporal transduder — darkness
hormone

» Cytoprotector —

> inhibit the pivotal transduction factor of
inflammatory responses — NF-kB

o antioxidant
e Diseases
o Alzheimer’s Disease autism

> Cancer depression
> Diabetes sleep disturbance






e Melatonin as an anti-inflammatory agent




Rolling, adhesion and transmigration of

leukocytes

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Intravital microscopy
i’ LTB4 -induced leukocyte migration

Lotufo et al., Eur ] Pharmacol. 2001



Effect of Melatonin on Rolling
and Adhesion (LTB4) of
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Big Challenge!!!!

Rabks are nockturnal animals...

Why should the mounting of an inflammatory

response be impaired at night?
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A basic characteristic of the inflammatory
response 1s that it develops along the time 1in
a very precise manner: pro-inflammatory phase is
followed by a recovery phase.

The pro-inflammatory phase 1s designed to combat
aggression, while the recovery phase provide
the proper elements for healing the injured
area.

Without a proper mounting of the inflammatory
response, the recovery phase 1is also
incomplete, favoring chronic inflammation,
degenerative disease, or even cancer.
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Immune-Pineal Axis - Working Hypothesis

The pineal gland plays a role in:

1 — surveillance against undesirable cell migration:
melatonin inhibits migration of blood cells to
tissue under normal conditions

2 — mounting of an inflammatory response:
receptors for cytokines and pathogen associated
molecular patterns located in pinealocytes =
reduce or even suppress MEL synthesis

3 — activated immune-competent cells produce melatonin
which will act locally favoring the recovery phase



Binding Molecules to LPS Receptor for TNF
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Stops Melatonin synthesis

vitro and in vivo

Bacteria — (Tamura et al., 2010)
Funghi — (Pires-Lapa et al., 2012)
Cytokines — (Fernandes et al., 2006)
Hormones — (Fernandes et al., 2009)

Beta- amyloid peptide (Alzheimer) — (Cecon et al., 2015)

And...

Does not..... parasites
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Mastitis = suppresses nocturnal MEL surge -

Healthy
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Pontes et al., 2006

Colostrum (milk of the first days after delivery; contains cells) > day 3

Maternity Unit at the Obstetric Clinics — USP, Br.The criteria for recently delivered mothers were: age (18—

40), gestational age (37 weeks or more).

All the mothers had given birth to healthy term babies.-
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The Concept of the Immune-Pineal
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Melatonin PRIMES endothelial cells
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Melatonin PRIMES endothelial cells

>

PECAM-1 INOS
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Tamura et al., 2010
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Questions????

What we raised??




Soctmnsod?

K‘\Oy INTERCONTINENTAL ACADEMIA

Questions????

How to control in a massive way the genomic output???

Via “junk” --- “trash” RNAs???



DNA RNA protein

database of specific instructions functional product
instructions

microRNA

regulators



Laboratério d€
et VENN diagram of the predicted targets of miRNAsS more

expressed in nighttime cells

Irak1 - Interleukin-1 receptor-associated kinase 1
Traf6 - TNF receptor-associated factor 6
Kfl4 - Kruppel-like factor 4

miR-223-3p miR-146a-5p

Hhex - Hematopoietically expressed homeobox

Fgfr2 - Fibroblast growth factor receptor 2 miR-96-5p

Igf1r- Insulinike growth factor 1 receptor
Prtg - Protagenin

KIf7 - Kruppel-like factor 7

Frs2- Fibroblast growth factor receptor substrate 2

Foxo3, Foxn3, Foxf2, Foxq1, Foxk2, Foxp2, Foxo1-
Forkhead Box Family

Cadm1/2 - Cell adhesion molecule 1 and 2

Lims1, Lhx1, Lhx3 - Proteins associated to LIM domain
Creb - cAMP response element-binding protein

Efnb2 - Ephrin-B2

Fgf9 - Fibroblast growth factor 9 (glia-activating factor)
Myadm - Myeloid-associated differentiation marker
Grb2/10 - Growth factor receptor-bound protein 2 and 10
FIf1-Vascular endothelial growth factor receptor

Pdgfr- Platelet-derived growth factor receptoralpha
Gdnf - Glial cell derived neurotrophic factor

lgf2bp1 - Insulin-like growth factor 2 mRNA binding
protein 1




HOUR OF THE DAY -
endothelial progenitor cells

MIRNAS

Differential
expression

microRNAs differently expressed

Daytime
group

Nighttime
group

—

Sample =

04
5

| —
,—_l_l l—k’_—‘—‘ microRNA

miR-96-5p

miR-146a-3p Highest
I
miR-146a-5p group
miR-182 |

miR-1249 | Highest

expression in
miR-129-2-3p | daytime group

06

Margcola et al. on going
collaboration — IEP H. Sirio-Libanés
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Network of miRNAs interactions

Network of miRNAs interactions in nighttime cells
in daytime cells
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Network of miRNAs interactions
in daytime cells
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Immune=Pineal Axis
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SURVEILLANCE  : Pro-inflammatory Phase




Activation of the NF-kB
pathway in MN and PMN
triogers melatonin synthesis
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% bacteria inside phagocytes
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One transcription factor — two different cell millieu

Pro-Inflamt cytokines

1N [ON
adhesion molecules o
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v MELATONIN — synthesized by immune-

Cﬁ

competent cells

1988 - PBMcells —> Finocchiaro et al.
2000 —> bone marrow cells - Conti et al.

2004 - macrophages = Martins et al.
2004 —> lymphocytes —> Carrillo-Vico et al.
2006 —> colostral MN and PMN - Pontes et al
2009 —> splenocytes —> Lahiri et al,,

2010 —> mastocytes —> Maldonado et al,,

2015 —> microglia —> Adriessa Santos master thesis



kB-elements
in the promoter of aa-nat

-349 45 +12 +470+487

361 pb aa-nat-kB1
836 pb aa-nat-kB2 [EPA

Expression of NFkB promoter linked to a Red fluorescence reporter in
macrophages = positive responses induced by LPS and TNF

Promoter o Exent) ™ Intron 1 2 Exon2 )
| < |



DsRed Fluorescence Intensity

Expression of the reporter
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Muxel et al., 2012



T aa-natxB element
mediates gene transcription

LPS
nRA
cod \;2;4\\
A aa-nat-kB1 (LPS 500ng/mL) aa-nat-kB2 (LPS 500ng/mL)
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Inhibitors of NFkB blocks LLPS-induced gene
transcription ALLN — 50 mM; PDTC 25 mM

Muxel et al., 2012

Nucleus
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wz=» The dimer RelA/cRel activates

the aa-nat promoter
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i The cerebellum synthesizes
melatonin
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Pinato et al.



Immune-Pineal Ax1is
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Ferreira et al., 2005

Lapa — on going

* * @ melatonin

Normal condition : Pro-inflammatory Phase




Immune-Pineal Ax1is
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Ferreira et al., 2005

Lapa — on going

* * @ melatonin

Normal condition : Pro-inflammatory Phase




PAMPs/ DAMPs

\4

.

melatonin

O¢ I
@ @ melatonina

Pro-inflammatory Phase

|. PAMPs and DAMPs supress noctunral MEL surge
|. Bacteria
2. Fungi
3. Air pollution

4. Peptides, GAGs,

2. Endothelial cells are activated in the absence of MEL

3. Macrophages/ microglia — synthesize melatonin
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Circadin gives full night melatonin coverage
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