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i AuToavogoia

= ZNHEPA UNAPXEI NavOnuia
auToOavoo®V VOOHHAT®WYV



ORIGINAL RESEARCH
published: 20 February 2018
doi: 10.338%fimmu.2018.00311

;‘ frontiers
in Immunology

Ghack for
it

The Footprints of Poly-Autoimmunity:
Evidence for Common Biological
Factors Involved in Multiple Sclerosis
and Hashimoto’s Thyroiditis

Simona Perga"***, Serena Martire, Francesca Montarolo">", llaria Giordani*,
Michela Spadaro'?, Gabriele Bono*?, Stefania Corvisierf, liaria Messuti*,
Giancarlo Panzica'*, Fabio Orlandi* and Antonio Bertolotto'

' Neurasciance institute Cavalien Ottalanghi (NICC), Orbassana, Turin, Italy, * Regional Refaranca Centre for Muttiple Scierosis
{CRaSM), Univarsity Hospital 5. Luigi Gonzaga, Orbassano, Turin, italy, “Departmant of Neuroscianca Fita Levi Montalcin)

OPEN ACCESS  Univarsity of Turin, Turin, Italy, *SCDU Endocrinology and Metabofism, Humanitas Gradenigo Hospital, Department of
Oncoiogy, Univarsity of Turin, Turin, faly
Edited by:
. BertA THSR - it di di f chronic disorders and affect a multtud
omecical Primate Research oimmune diseases are a diverse group of chronic disorders and affect a multitude
Centrs, Nethieriangs ~ OF organs and systems. However, the existence of common pathophysiological mech-
Reviewedby:  anisms is hypothesized and reports of shared risk are emerging as well. In this regard,
 RanRamangam - patients with multiple sclerosis (MS) have been shown to have an increased susceptibility
Karoiinska Institute (K]), Swaden . . . 3 . ) , .
Reinkidien, 10 develop chronic autoimmune thyroid diseases, in particular Hashimoto's thyroiditis
Univarsiat Tbingen, Garmany - (HT), suggesting an autoimmune predisposition. However, studies comparing such
*Correspondence: different pathologies of autoimmune origin are still missing till date. In the present study,
aimons perga@:n\?'ff; we sought to investigate mechanisms which may lead to the frequent coexistence of MS
Thess sufrors Have contiousd and HT by analyzing several factors related to the pathogenesis of MS and HT in patients
squalyto thiswork affected by one or both diseases, as well as in healthy donors. In particular, we analyzed
peripheral blood mononuclear cell gene-expression levels of common candidate genes
Specialty section: oiwmh ac TMEAIPT KBAA famike BACHD EAYDT and DOCNE in addiinn 4 tha oo,

Perga S et al, Frontiers in Immunology 2018



+

The footprints of poly-autoimmunity
Evidence for common biological
factors involved in multiple sclerosis
and Hashimoto’'s thyroiditis

AlepeuvnBnKav YEVETIKOI NApAYOVTEC Kal Ta €nineda Tng
BiTapivng D w¢ napayovTeg enaywync oTouc i1d10ug
aoBeveic NOAWY auTOavOOwWV VOONUATWV

Perga S et al, Frontiers in Immunology 2018



i Bitapivn D

= Eival opada AinodiaAutwyv
OEKOOTEPOEIOWV

= KuploTepeg HOPPEC
= XOANnKaAoIpePOAN
« EpyooTepOAn
= 25(0OH)D;
= 1,25(0OH),D;

= BioouvTiOeTal oTo d¢pua
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i Bitapivn D

= POAoI

= Ioopponia acBeoTiou

= MUuOoOKkeAETIKO gUGTNHA

= AvoooppuOuion

= MpoAnwn kapkivov

= MpoAnwn ZA

= MPpOAnYn unépTaong - kKapdiayyeiakmv
VOO HATWV

= MpoAnwn - TaxuTepn Oepanscia ACIHWOIWV
VOO HATWV






EipaoTe o1 Zuyyxpovol Avlpwnol Tov ZnnAainv




Birapivn D kai
AvoooppuOuion




Avenapkeia Birapivic D
i kai AvoocoppuOuion

=« H avenapkeia Tnc Biragivng D £xel
OXETIO0El pE TNV au&énon Tou
KIvOUVOU ENPAavionc autoavoowyv

VOONHAT®WV
= gakyapwodooug diapnTou Tunou 1
= KATA NAAKAG OKARPUVONG
= PEUHATOEIBOUC apBpiTIdac




Enidpaon Tn¢ Birapivhc D
icnnv Avooiaxn AsiToupyia

= Helper T cells (Th) central to antigen-specific
Immune responses

=« Th, - Th, are direct targets of 1,25(0H),D;

Cantorna et al, Amy J Clim Nuty 80(Suppl): ¥ 7Y 7S-Y720S, 2004



Incidence of type 1 diabetes by use of vitamin

.t supplements in infancy
i =

Cases Incidence Crude Adjusted”
/100,000 RR (95% CI) RR (95% CI)
years at
risk
Use of vitamin
D supplements
Not at all 2 204 1 (reference) 1 (reference)
Irregularly 12 33 0.16 (0.04-0.72) 0.16 (0.04-0.74
Regularly 67 24 0.12 (0.03-0.47)  0.12(0.03-0.51

* Adjusted for neonatal, social and anthropometric factors.

Hyppénen et al. Lancet 2001;358:1500-1503



Incidence of type 1 diabetes by dose of vitamin
supplementation

]
Cases Incidence Crude Adjusted*
/100,000 RR (95% CI) RR (95% CI)
years at
risk
Dose of
Vitamin D
Low 2 96 1 (reference) 1 (reference)
Recommended 63 24 0.20 (0.05-0.84) 0.21 (0.05-0.88)
High 2 15 0.14 (0.02-0.97) 0.14 (0.02-1.01)

Adjusted for neonatal, social and anthropometric factors.
T Dose has been presented for infants receiving vitamin D regularly

Hypponen et al. Lancet 2001;358:1500-1503



Bitapivn D kai
i MoAAanAn ZkAnpuvon

= H avenapkeia Tng Birapivnc D
oXeTI(ETAI HE TN BapUTNTA VOOOU
OTNV Kata NAAdkac okAnpuvon



ANENAPKEIA BITAMINHZ D KAI MOAAATNAH ZKAHPYNzH
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ANETAPKEIA BITAMINHZ D KAI
NMOAAANAH 2ZKAHPYN2zH

M£0odoi: MNepiypagpeTal opada 15 aobevawyv, 10 yuvaikwv kai 5 avdpwv, nAikiac and 32 — 51
ETWV, NOU énaocyav anod noAanAn okAnpuvon. Oi acBeveic eAauBavav Bepaneia pe
avoooppUBICTIKA PAPHAKA yia Tn vOoO. ZTOug aoBeveig peTpndnkav Ta enineda Tng 25(0H)D;
ue padloavoooAoyikn pEBodo kabwc kal Ta enineda Ca kal P aipartoc.

AnoTeAgopara: >Tnv ouada Twv acBevwv e NoAAanAn okAnpuvon 12 aoBeveic gixav nAnpn
avenapkela Birapivng D, kabwg Ta enineda 25(0H)D; ATav <10 ng/ml. Ze 3 acBeveig
napatnpnBnkav enineda 25(0H)D; < 30 ng/ml. Ta enineda Ca kal P aipatog ATav puacioAoyikd
OTOUC aoBeveic nou PEAETNBNKAV. ZToug aoBeveic xopnyndnke Birapivn D.

Fupnepaopara: > acbeveic pe noAAanAn okAnpuvon Pnopei va napatnpnBei avenapkeia
Birapivng D. H avenapkeia Bitapivng D pnopei va cupBalel otnv anwAgia avoocoavoxne,
OUMBANOVTAC e TOV TPOMO auTod oTnVv naboyevela TNG NOAAANANRC OKANPUVONG. 2TOUC A0BEVEIC
ME NOAAANAN okAfpuvaon, n avendapkeia TnG BIirapivng D npénel va avTigeTwnileTal Ye Ewyevn
Xopnynon Tn¢ opuovne kabwce paiveral 0TI n xopnynon Birapivne D pnopsi va cupBaiiel otnv
gnaywyn n kai diatipnon Ueeong Tne vooou.

[TavelAnivio EvookpivoAoyiko Suvedpio 4 2017



Bitapivn D
kal MetaBoAika Noonuara




Vitamin D
i and Diabetes Mellitus 2

= Vitamin D deficiency appears to be
related to the development of
diabetes mellitus type 2 and the
metabolic syndrome

Lim et al, Am J Clin Nutr 2013



Vitamin D
i and Gestational Diabetes Mellitus

= Vitamin D seems to affect glucose
homeostasis, vitamin D levels having been
found to be inversely related to glycosylated

hemoglobin levels in gestational diabetes
mellitus

= Additionally, vitamin D appears to protect from
the development of gestational diabetes
mellitus

Lau et al, Med J Aust 2011



i Vitamin D and DM2

= We studied the relationship
between 25(0OH)D; levels and
glycemic control in patients with
diabetes mellitus type 2

Kostoglou-Athanassiou et al, Vitamin D and glycemic
control in diabetes mellitus type 2,

Ther Adv Endocrinolol Metab 2013, 4:122—128



i Vitamin D and DM 2

We have shown that vitamin D levels are lower
in the diabetics than in the control group and
that vitamin D affects glucose control in the
diabetics (p<0.001)

Vitamin D levels were shown to be inversely
correlated with glycosylated hemoglobin levels
in type 2 diabetes mellitus patients

Interestingly, an inverse linear relationship
was found between vitamin D levels and
glycosylated hemoglobin in both diabetes
mellitus type 2 patients and controls

It appears that vitamin D may be related to
glucose control in diabetes mellitus type 2

Kostoglou-Athanassiou et al, Ther Adv Endocrinol Metab 2013
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Kostoglou-Athanassiou et al,
Vitamin D and glycemic control in diabetes mellitus type 2,

Ther Adv Endocrinolol Metab 2013, 4:122-128



Mean +-1 SE

25(0OH)D3 levels in the diabetic and control group
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iBITCIpIVI] D kan ZA 2

= Beta cells contain the vitamin D receptor
= 1,25(0OH),D; stimulates insulin release

= Insulin release is reduced in vitamin D deficient
animals

= 1,25(0H),D, prevents development of diabetes in
the NOD mouse

= Recent meta-analyses associate low vitamin D
status with increased risk of type 2 diabetes and
metabolic syndrome



H Birapivn D
gxel Tonikn Apaon

tamin D receptors are present in > 30 tissues
« Essentially all tissues have 25 hydroxylase
= Many tissues (not just kidney) possess 1 a-hydroxylase

Intestine, muscle, islet cells, monocytes, B & T cells,
neurons, chondrocytes, colonic enterocytes, prostate,
ovary, endothelial cells.....

= 1,25(0H),D; can be produced locally in many tissues

= Reasonable that low D status impairs local 1,25(0H),D,
production

« "Or un kAaoixec dpdoeis tng Birauivne D givar 10I1keE¢ avd £/00¢
KUTTAPOU Kal NApEXYOUV VEEG OUVIITIKEG KAIVIKEG EQAPLOYEC yIa
v 1,25(0H),D; xar ra avdAoya r1in¢”

Bikie, J Clim Ende Meta, 94.26-34, 2009



Colonic Intestinal Lumen Gut Epithelium Gut Submucosa

X Gut associated Lymphoid Tissue (GALT)
' Vitamin D
Gut Microbiota Dendritic Cells

(over 1000 species B3
1014 organisms, (i
3.3 million genes)  ? Vitamin D

74
?Vitamin D

Weiss ST. Bacterial components plus vitamin D: the ultimate solution to the asthma (autoimmune disease)
epidemic? J Allergy Clin Immunol 2011 May;127(5):1128-30
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= H avenapkeia Birapivng D ka1 n
diarapaxn ToU EVTEPIKOU
HIKPOBIMHATOC ENAYOUV anwAEia
avoooavoyxnc Kai autToavoaoia

Weiss ST. Bacterial components plus vitamin D: the ultimate solution to the asthma (autoimmune disease)
epidemic? J Allergy Clin Immuno [ 2011 May;127(5):1128-30



Vitamin D Deficiency

£ S nical
enetic
\oes'or damage & Autoimmune
Predisposition tolerance to self 23:[1;"&':2:;' onset of Disease
antigens symptoms

Weiss ST. Bacterial components plus vitamin D: the ultimate solution to the asthma (autoimmune disease) epidemic?
J Allergy Clin Immunol 2011 May;127(5):1128-30



Vitamin D and
the Immune System

= 1,25(0OH),D; effects on the immune system
= | Thy/Th;;, CD4+ T cells
= | cytokines

1 regulatory T cells

| T cell-driven IgG production

inhibition of dendritic cell differentiation

= enhances protective innate immune responses

= helps maintain self-tolerance by dampening overly zealous
adaptive immune responses



Bitapivn D kai
AvooonoinTiko ZuoTnua

= HBirapivh D
= ENAYEI avOOOAOYIKN avoxn — immune tolerance —
HEoW dpaonc ora pudbuioTika T AepgokuTTApPA, Td
OevOpITIKA KUTTAPA Kdl TN HIKpoBiakn XAwpida Tou
EVTEPOU

= Opa ora B AsppokUTTapa Kali avaoTEAAEI TV
napaywyn avoocoo@aipivov

= EXEI avTIPAEyHOovmOn dpaon
Ly etal 2011



Bitapivn D kai
i Autoavooa Noonupara

= H avenapkeia tng Birapivnc D

= OEWPEITAI OTI CUHHETEXEI OTNV NABOYEVEIQ
auToavoowVv VOOIHATWV
« ZA1
= KAaTa NAGKAG OKAPUVONG
- PA

= OUVOEETAI HE EUNAOBEIa oTNV Epgavion PA
ka1 11 evepyornTa PA

= naparnpeiTal oto ZEA kail oxeTieTal HE TV
gvepyoTnTa ZEA



H ENIAPAZH THZ
1,25(OH),D, *THN EKKPIZH
INTEPOEPONHE I AMNO

!'_ MONOKYTTAPA IN VITRO

ABavaciou A.1, NeCog A.1, KmoToyAou-ABavaciou 1.2,
Maupayavn K., ABavaciou .3, KouTtoiAigpng M.1

'EpyaoTtnpio Meipapatikng Puocioloyiag, IaTpikn ZX0An,
MavenioTnuio ABnvev

2EvdokpivoAoyiko Tunpa, 'N ABnvov «KopylaAgveio-
Mnevakeilo» EEZ

3peupaToloyikn KAivikn, 'N O@scoalovikng «Ayiog NMavAog>»

lNaveAAnvio PsupuaroAoyiko Zuvédpio 12 2016



i Eicaywyn

H BiTrapivn D gival 0eKOOTEPOEIONG OPHOVN NMOU
gival yvwoTn yia Tn 6paocn TNG OTO OKEAETO.
MpoopaTta £xouv BpeOElI 0TO OTOXAOGTPO TNG
EPEUVNTIKNG NPOONABEIAC O EEWOKEAETIKEC
OpAoEIC TG OPHOVNG.

OewpeiTal OTI N OPHOVN EXEI
avoooTpononoinTikn dpacn kKabwg EXouv
naparnenO&ei noAAanA&g 3pAoEIC TNG OTO
avooonoinTiIko ouoTnHd.

Enayel avoooavoyn Kai EViIoXUEl TNV Avoor
avTidopaon EvavTi TwV BakTnpidiwv.

lNaveAAnvio PsuuaroAoyiko 2Zuvédpio 12 2016



i ZKOMNOC

= ZKOMOG NTAV N HEAETN TNG
gnidpaong TngG 1,25(0H),D; oTnv
EKKpIOoN TNC IvTepPpepovnc I ano
HOVOKUTTAapa avlpwnou in vitro.

lNaveAAnvio PsuuaroAoyiko 2Zuvédpio 12 2016



i M£60odol

= AvOpwneia povokuTTAPa d1IaxwpioTnKav ano
aipa AngOev ano uyin ONAsa aTtoya HE TN
Xpnon Tou npwToKOAAou Lymphoprep.

= AkOAoOUOwWC TONOBETHONKAV OE
KAaAAIEPYNTIKOUC OioKouUG HE ppeaTia 106
KUTTapa/ppeartio kai kaAAiepynodnkav €ni 6 h
o€ Ospuokpacia 37°C o€ uyponoinHEvN
arpooPaipa 5% CO, uno Tnv napoucia N
anouagia IvTeppepovng a 400 U, 1,25(0H),D;
250 pmol, kai cuvduacpou Ivteppepovng 400
U kai 1,25(0H),D; 250 pmol.

lNaveAAnvio PsuuaroAoyiko 2uvédpio 12 2016






i M£Bodo)

= AKOAOUO®G TO NEPIEXOHEVO EKACTOU
(PPEATIOU (PUYOKEVTPNONKE Kal 1o I{nHa
unéoTn enidpaon HE Trizol yia Tnv
anopovwon RNA yovidiwv nou givai
YVWOTO OTI OIEYEIpOVTAI ANO THV
IVTEP(PEPOVN Q.

= Eyive real time PCR yia Ta yovidia MX1,
IFIT1, IFI44 kai Tou GAPDH ¢ yovidio
eAEyYOU.

lNaveAAnvio PsuuaroAoyiko 2Zuvédpio 12 2016



i AnoTeAéopara

= MapaTnpnOnke OTI N IVTEPPEPOVI a OIEYEIPEI
Ta yovidia nou oXeTi(ovral HE TNV EKKPION TNG
Iivtreppepovnc I, onAadn ot avaTpoPpodoTEi
OETIKA TNV EKKPION TNG.

= MapatnpnéOnke oTin 1 125(0OH),D; TpOI10I10I£I
TNV €nidpaon NG |VT£p(p£povng a OTNV EKKPIOT
NG IVTEPPEPOVNG I, NTOI EAATTWVEI TN
Ol1EyepTIKN OpAON NOU £XEI N IVTEPPEPOVN A
OTNV EKKPION TNG IVTEPpPEPOVNC 1.

lNaveAAnvio PsuuaroAoyiko 2Zuvédpio 12 2016
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i Fupnepacpara

= H Birapivn D digpguvarai yia Tic
avOOoOTPONONOINTIKEC TNC OPACEIC.

= 2TV napouca peAeTn n Birapivn D
Bpsenks va TpOI'IOI10I£I NV
anokKpion TV uvepwnslmv
HOVOKUTTAPWV OTN O0pacn TNG
IVTEP(PEPOVNG (.

lNaveAAnvio PsuuaroAoyiko 2Zuvédpio 12 2016



Bitapivn D kai
i AvooonoinTiko ZuUoTnua

= H Birapivn D
= ENAYEI AaVOCOAOYIKI avoxn

= AVvaoTEAAEI TNV NAPAYWYN AVOCOO(PAIPIV@V

= EXEI avTIPAeyHovmOn dpaon

Ly et al, 2011



Bitapivn D kai
i Autoavooa Noonupara

= H avenapkeia tng Birapivnc D

= OEWPEITAI OTI CUHHETEXEI OTNV NABOYEVEIQ
auToavoowVv VOOIHATOV
« ZA1
= KAaTa NAGKAG OKAPUVONG
- PA

= OUVOEETAI HE EUNAOBEIa oTNV Epgavion PA
ka1 11 evepyornTa PA



Bitapivn D

NMavakeia?



VITAMIN D DEFICIENCY

p
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= LATITUD
WINTER

MEDICATIONS & SUPPLEMENTS
Antiseizure Medications
Glucocorticoids Hepatic Failure

Rifampin
HAART Renal Failure

St John’s Wart Nephrotic syndrome .l

Obesity '! 0

MALABSORPTION
Crohn's
Whipple's
Cystic Fibrosis
Celiac
Liver disease

Schizophrenia
Depression

INFECTIONS
URI

T8 IFEV1
Asthma
& Wheezing Diseases

HBP
CHD

AODM
Syndrome X
Autoimmune Diseases
Type 1 Diabetes CANCER

MS
ohn's Breast
Colon

Prostate
Muscle weaknes Pancreas

elc
Muscle aches  preeclampsia
Osteoarthritis  Cesarean section
Osteoporosis

Osteomalacia(Bone Pain)




Birapivn D ka1 Noonuara ®08opac

Kota n Auyo?
N
=
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" [1a kaBs noAurniAoko npoBAnua
urnapxel uia Auon riou ivai anAn,
wpaia kai AavBaousvn”

H. L. Mencken

H Zxéon
dev Arodeikvuel AiTioAoyia
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2ZTOXOC
25(0OH)D; ~ 30 ng/ml



ZUHNEPACHATAO

= H Birapivn D £xe1 noAAG npoocwna
= H avenapkela Tng Birapivng D ival pia ouyxpovn navonyia

= H avenapkela Tng Birapivng D oxeTileTar pe Tnv
=  EHPAVION AUTOUVOOWV VOOT|HATWV
= Ep@avion PA
= &vepyoTnTa PA

= H 6|op9(oan ™G avenapkeiag D pnopei va ougBalel otnv npoAnyn
KuTavpaTo)v
= MNTOOEMV
= AUTOOVOOWV VOOHHATWV
= Kapkivou
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20C EUXAPIOT® NMOAU



