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Pezume

Bo nocnepHuTe HEKOJNKY TOAWHH, yJioraTra
Ha HMMYHOJIOUIKHOT AucOajaHC ¥ aBTOUMY-
HHUTETOT CE€ EKCIIEPUMEHTAIHO MOKa)KaHU BO
HapylryBamaTa Ha HepBHHOT cuctem (HHC),
KOMILTO BKIy4dyBaaT AJixajMepoBa 0OoJecT,
ayTH3aM, OIICECUBHO-KOMITYJICUBHO HapyIly-
Bamke, THKOBU W Tourette cuuapom, mm3o-
¢pennja u mvexom apyrm HHC. A cenak,
osre HHC nukoram He Ouiie cMeTaHu 3a aB-
touMmyHu Oomnectu. Ilopagm 3ronemeHure
CO3HaHMja 3a HEBPOMMYHOJIOTHjaTa U aBTO-
UMYHUTE OOJIECTH, HAa NPUMEP MYJTHILIEKC
ckieposa (MC), aBTOopoT Ha OBOj Kyc Ipe-
riexn npenopauyBa HHC na Gunat BKiIydeHH
BO MPECMETYBAmHETO HA OpPOjOoT Ha aBTOMMY-
Hurte Oonectu. Co oBa ke ce IOMOTHE BO 00-
HOBYBAHETO Ha IJI00aIHUTE MOJATOLH 32 aB-
TOMMYHUTE OOJIECTH Kako M BO HAYMHOT HA
TPETHPAkE HA MUJIMOHU MAllMEHTH KOU CTpa-
nat ox osue Bo3HemupyBauku HHC 3a xom
C€ yIITe He TIOCTOH JICK MJIM TPETMaH.

Knyunu 360poeu: napyuwysarna na IL{HC,
ABMOUMYHU boecmu, He8pOUMyHU Doecmu
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Abstract

In recent years, the role of immune imbalance
and autoimmunity has been experimentally
demonstrated in nervous system disorders
(NSDs) that include Alzheimer’s disease,
autism, obsessive-compulsive disorder (OCD),
tics and Tourette’s syndrome, schizophrenia,
and some other NSDs. And yet, these NSDs
are never counted as autoimmune diseases.
Deriving from the rapidly expanding know-
ledge of neuro-immunology and autoimmune
diseases, for example multiple sclerosis (MS),
the author of this mini-review strongly recom-
mends that these NSDs should be included
while tallying the number of autoimmune
diseases. This effort will help create an
updated global database of all autoimmune
diseases as well as it should help treat millions
of patients who are suffering from debilitating
NSDs for which there is no known cure or
treatment currently.
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Boeeo

1. HapymyBamaTa Ha HEPBHHOT CHCTEM
KAaK0 aBTOMMYHHM 0oJiecTH
I'mo0anxHO, aBTOMMYHUTETOT € €IeH Of Haj-
YeCTUTE TPOOIeMH TpH XPOHUIHUTE OoJiec-
TH Ka] 4oBekoT. Cropel HayYHHUTE KpHUTE-
PHYMH, OKOJTy OCYMIIECET U IeT METUIUHCKA
COCTOjOH ce cMeTaar 3a aBTOUMYHH OOJIECTH.
Criopen, AMepukaHCKaTa acolgjaimja 3a aB-
toumyHHu Oonectu (AAANDB), moseke oxg 50
MWJIMOHM AMEpUKaHIM U MWJIMOHU HU3 Lie-
JMOT CBET CTPajJaaT OJf aBTOMMYHH OOJIECTH.
Bo 0B0j Opoj HE ce BKIyYeHH OHHE KOU Ta-
TaT OJf HapylIyBamk€ HAa HEPBHHOT CHCTEM
(HHC) u 3a xou nMa 10Ka3 32 aBTOMMYHHUTET
YTBpJIEH CO TIOMOII Ha JTabOpaTOPHCKO Tec-
tupame (1-6). Ilpumepure TM BKIydyBaaT
AnmxajmepoBata Oosect (AB), ayrtuzam,
mu30(peHuja, ONCECUBHO-KOMITYJICHBHO Ha-
pymyBame (OKH), Tuxosm, Tourette cun-
npoMm (TC). IlocTon eneH UCKIYYOK O] OBaa
kareropuja Ha HHC, a Toa MynTumuiekc ck-
neposzata (MC). MC cexkoramn ce cMecTyBa
BO eMUJAEMHUONIONIKaTa 0a3a Ha aBTOMMYHH
Oosiectd. 3HauW, 3a MOYETOK, ABTOPOT Ke
MPEIOKU MTOHATAMOIIIHHU CTYAUN KOU Tpeba
Ja 3eMaT NpeABUA JIeKa IMOCTOjaT HOBH Ia-
IIMCHTH KOW TaTat oJ HepBHU Oosiectu (00-
JIECTH Ha MO30KOT WJIM MEHTAIHH OOJECTH),
a KOM TTOKaKyBaaT KapaKTePUCTHKN Ha aBTO-
nMyHa Oonect. OTKako Ke ce HallpaBH OBa,
OpojoT Ha JUIla KOM UMaaT aBTOMMYyHa 0o0-
JIeCT ApaMaTU4HO Ke Ce 3rOJIeMH HH3 CBETOT.
Jororami, HHEe ke TH HCIIUTaMe JTyreTo KOU
nvaar HHC. Oxony 40 mMunuonu Awmepu-
KaHIIM maTar of AJiiixajMepoBa 0oJjiecT, a ro-
nem aen (65-85%) on moBpemenu GopmMu Ha
Ab nmaar aBToumyHu npo6iemu (2). OBa Ou
MPETCTaByBaJI0 TOJIEM OpOj BO KaTeropujara
Ha aBTOMMYHH OojiecTH. AYTHU3MOT U TMOBp-
3aHWUTE HapylllyBama ce cpekaBaaTt Kaj 3 10 4
MWIHOHU niena u Bo3pacHu Bo CAJl, a 70-
80% wnMaaT KapaKTEpHUCTHYHU aBTOMMYHU
mpobuiemu (5, 6). OBa ucTo Taka ke ro 3roJe-
MU OpOjOT JOKOJKY M OBHE C€ BKIYy4aT BO
Kareropujara Ha aBTouMyHH Oonectu. Mcro
Taka, MHOTY JIyfe CO THKOBU U Tourette cun-
apoMm (TC) u orcecMBHO-KOMITYJICHBHO Ha-
pymyBame (OKH) mmaar aBrommyna 6oject
Ha Mo30KoT. OBaa momyJianyja UCTO Taka
Tpeba a ce BKIyYH BO UCTaTa KaTeropuja Ha

Introduction

1. Nervous System Disorders as
Autoimmune Diseases
Globally speaking, autoimmunity is one of the
most common problems in chronic diseases in
man. Relying on scientific criteria, approxi-
mately eighty-five or so medical conditions are
commonly regarded as autoimmune diseases.
According to American Autoimmune Diseases
Related Association (AADRA), more than 50
million  Americans and millions more
worldwide are known to suffer from autoim-
mune diseases. This number however never
includes many more individuals who suffer
from nervous system disorders (NSDs) and
who have evidence of autoimmunity as
demonstrated by laboratory testing (1-6). The
examples are Alzheimer’s disease (AD),
autism, schizophrenia, obsessive-compulsive
disorder (OCD), tics and Tourette’s syndrome
(TS). There is one exception to this category
of NSDs which is multiple sclerosis (MS). MS
is always accounted for in the epidemiological
database of autoimmune diseases. Thus, to
start with, the author would herby like to
suggest that future epidemiological studies
must take into the account that there is a new
patient population that suffers from neuro-
logical problems (brain diseases and mental
illnesses) and yet shows typical characteristics
of an autoimmune disease. Once this is done,
the number of people affected with autoim-
mune diseases will dramatically increase
throughout the world. To that end, let us
examine the number of people affected with
NSD. Alzheimer’s disease affects an estimated
40 million Americans and a large proportion
(65-85%) of the sporadic form of AD has
autoimmune problems (2). This will represent
a huge number to be considered in the category
of autoimmune diseases. Autism and related
spectrum disorders affects 3 to 4 million
children and adults in the United States and
70-85% of them have well-characterized
autoimmune problems (5, 6). This will also
represent a large number to be included in the
category of autoimmune diseases. Likewise,
many more people with tics and Tourette’s
syndrome (TS) and obsessive-compulsive
disorder (OCD) have been shown to have
autoimmunity to brain. This population should
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aBTOMMYHH OojiecTH. JacHO € JeKa BO OBO]
cirydaj OpojoT Ha aBTOMMYHH OO0JIECTH HATJIo
Ke MopacHe ako OBaa HOBa KaTeropuja 0o0-
JIECTH Ha HEPBHUOT CHCTEM KOU BKIIydyBaaT
AaBTOMMYHHTET C€ BKJIy4aT BO EIMHIEMHO-
nomkute cTyaud. OBa He € HalpaBeHo J0ce-
ra, HO HUBHHOT Opoj Tpeba ma ce 3aBene BO
WIAHUTE SMUIEMHOJIONIKN CTYHH.

also be included in the same category of
autoimmune diseases. Quite clearly then the
number of autoimmune diseases will rise
sharply if this new category of nervous system
diseases involving autoimmunity are included
in the epidemiological studies. This has not
been done so far but their numbers should be
tallied in future epidemiological studies.

Knerkn na UC
IS Cells
(Th, Ts, NK, etc.) \
Lurokunn /
Cytokines
Mmyn cucrem (MC) Hepsen cucrem (HC)/
/ Immune System (IS) Nervous System (NS)
HeBpoTpaHncmuTepu n
HeBponenTuu /
Neurotransmitters & Neuropeptides
Knerkn na HC
(Hespon, I'nuja, utH.)
/ NS Cells
(Neurons, Glia, etc.)

Cnuka 1. Peyunpouna epcka mery
UMYHOTOUKUOM CUCTEM U HEPEHUOM
cucmem

AKo0 rMaTe aBTOMMYHa 00JIeCT, BallIMOT UMY-
HOJIOUIKM CHCTEM C€ PacHIlyBa M 3all0YHYyBa
Jla TH Hamara 3JpaBuTe KJIETKU, TKUBa U Op-
ranu. Cemnak, OBa ce ClydyyBa Ha MHOTY IIO-
ceOeH HayWH. 3Ha4YM, BO CIIy4aj HA MO30YCH
ABTOMMYHHTET, MMYHOJIOIIKHOT CHUCTEM Ke
IO OTCTPaHW aBTOMMYHHOT OJATOBOP HPOTHB
MO30KOT WJIM HEpBHUOT cucteM. [Ipen okomy
30 romuHY, IpU3HAEHA € BAKHOCTA HA pPEIy-
MpOYHaTa BPCKa MITO MOCTOENa Mery Hallu-
OT UMYHOJIOIIKH CHUCTEM W HEPBHUOT CHC-
TeM. OBa e mpukakaHo Ha ciuka 1. Kako
LITO € MPUKAKAHO OBJE, UMYHOJOLIKHOT H
HEPBHHUOT CUCTEM ce Mel'yceOHO MOBP3aHH U
OBaa BpPCKa € CO IMOCPEICTBO Ha XEMHCKH
TPaHCMHUTEPH, Ha MPUMEP LUUTOKHHU KOH Ce
MIPOU3BENIEHU O] KJIETKH BO UMYHOJOIIKHOT
cucreM kako nomomnu T-kierku (I1T), cyn-
pecopran T-knetku (CTK) u anTureHo mpet-
CTaByBauK{ KJIETKM KaJle IITO HEBPOTpaH-
CMHUTEPUTE U HEBPONEHNTHIUTE CE IIPOM3BE-

Figure 1. Reciprocal Relationship between
Immune System and Nervous System

If you have an autoimmune disease, your
immune system goes haywire and begins to
attack healthy cells, tissues and organs.
However this must happen in a highly select
way. Thus, in the case of brain autoimmunity,
the immune system will elicit autoimmune
response against the brain or nerve tissue.
Approximately 30 years ago, we recognized
the importance of a reciprocal relationship that
existed between our immune system and
nervous system. This is illustrated in Figure 1.
As illustrated here, the immune and nervous
systems are interconnected with each other and
this relationship is mediated by chemical
messengers, for example cytokines produced
by immune system cells like T helper cells
(TH), T suppressor cells (TS) and antigen-
presenting cells (APC) whereas neurotran-
smitters and neuropeptides produced by
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JICHW O] HEBPOHUTE W TJIMjATHUTE KIIETKH.
Kako mrTo 3HaeMe, oBaa Bpcka ce jaByBa U Ha
KJIETOYHO W Ha MoJsieKkynapHo HuBo. Ho, pe-
yrcu npea 30 ToaAWHM, MPETIOCTaBUBME Jie-
Ka HapyIIyBameTO HA IHUPKYJalyjaTa Ha He-
BPOMMYHHUTE WJIN HMYHOHEPBHHUTE KIIETKH
MOXKe Ja Ouze, BCYIIHOCT, TNpHUYMHATA 32
OpojHUTE MO30YHU U TIcUXu4Kku Oonectu (7).
Hansopenaure ¢aktopy, Kako, HA TPUMED,
BUPYCHHTE WIH OaKkTepucKkuTe WH(pEKIny,
TpayMHTE WM TIOBPEIHUTE Ha MO30KOT, KaKo 1
JPYTH TUETETCKH MPOOJIEMH MOKaT JIECHO J1a
ja Hapymar HMBHaTa Iupkynamwja. Cropen
TOa, €IHO Of] HAajBaKHWUTE CO3HAaHHja BO OBa
noje € orcepBalyjaTa JieKa aBTOUMYHHTE
OoJiecTH Ha HEPBHUOT CHCTEM € Haj4ecT Mpo-
OneM mpu HapyllyBamke HA HEPBHOMMYHATA
mupkyianja. OBa ce TOKaxXyBa KIMHUYKA
JI0CTa PEJIeBaHTHO 3aToa IITO aBTOUMYHHTE
OollecTH Ha HEPBHHOT CHCTEM MOXKaT Ja
OuyaT MEIMIMHCKY TIPENO3HACHN U MOJKaT J1a
Ce TPEeTHpaaT CO UMYHOJIOIIKH TEPAIHHU ILITO
MOMEHTAJIHO C€ KOPHCTaT 3a JPYTd aBTOH-
MyHoIomrku Oojectu. OBa Beke MOYHyBa Ja
ce ciydyBa BO MMYHOJIOIIKAara Tepamdja 3a
mana co aytuzam, OKH u TC. Bo nocnegno
BpeMe, Ce MpeTHOCTaByBa JeKa HapyllyBa-
HBETO HA HEPBHOMMYHATA IUPKYJIaIja MOXKe
Jla TIpeJ3BUKA HEPBHOMMYH IHCOaIaHC BO
TEJIOTO, M Ha TOj HAYWH Jia BIMjae Ha MO304-
HaTa 1mjIaCTU4YHOCT, Ha MO30YHHUTC BUBKU U Ha
Mo304HaTa pyHkimja (8).

2. Bpckarta  mefy  uHpekuuute U
HAPYLIYBaKk-aTa HA HEPBHHOT CUCTEM
Cé ymTe He € MMO3HATO MITO T'M IPEeIN3BHUKY-
Ba aBTOMMYHHUTE 0OJIECTH, HO c€ CMeTa JieKa
THE Cce TMOTTUKHATH OJi HaJBOpENHN (hakTo-
pH, ipes ce Bupycu. Kako mrTo e npukaxaHo
BO Tabena 1, npumepure rv BKiydyBaat Erc-
tajH- baposuot Bupyc (EbB) u xepnec Bupy-
cot-6 (XB-6) xaj MC, cunanunm kaj ayTu-
3aM, xeprec cumIuieke Bupycot (XCB) Ab u
nHdpeknuja on crpentokoka kaj OKH u TC.
CkopallHUTe CTyIUH TIOKaXyBaaT | IoTroJie-
Ma BriydeHoct Ha EBB Bo MC (9). Kaxko
LITO € ONHILIAHO MOJETATHO Ha JIPYTd MecTa
(6) m Kora cooBETHO Ke ce eBalyupaaT co
CHELUjaIu3UpaHd HMMYHOJIOUIKH TECTOBH,
peuucH CeKoe BTOPO AyTUCTUYHO JeTe uMma
3roJIeMEHO HMBO Ha aHTUTENIAa KOH BUPYCOT
Ha cunanuiy. OBa He € MpeTepyBambe, TYKY €
Hay4deH (aKkT KOj MOTeKHyBa oj JabopaTo-

neurons and glial cells. As we know it now,
this relationship occurs at both the cellular
level as well as the molecular level. But nearly
30 years ago, we postulated that the disruption
of this neuro-immune or immune-neural
circuitry might actually be the reason
underlying a wide-range of brain diseases and
mental illnesses (7). Environmental factors
such as a viral or bacterial infection, trauma or
brain injury, and other dietary factors can
easily break down this circuitry. In that regard,
one of the most important findings in the field
is the observation that autoimmune disease of
the nervous system is the most common
problem when the neuro-immune circuitry
breaks down. This should prove to be
clinically quite relevant because autoimmune
diseases of the nervous system could be
medically recognized and be treated with
immune therapies that are currently being used
for other autoimmune diseases. This is already
beginning to happen as exemplified by
immune therapy for individuals with autism,
OCD and TS. Recently, we hypothesized that
the disruption of neuro-immune circuitry could
cause neuro-immune imbalance in the body,
thereby it may also affect brain plasticity,
brainwave pattern, and brain function (8).

2. Link between Infections and Nervous
System Disorders
What causes autoimmune diseases is still
unknown but it is commonly recognized that
they are triggered by environmental factors, in
particular viruses. As summarized in Table 1,
the examples include Epstein-Barr virus
(EBV) and human herpes virus-6 (HHV-6) in
MS, measles virus in autism, herpes simplex
virus (HSV) in AD, and streptococcal infection
in OCD and TS. More recent studies have
found a much closer involvement of EBV in
MS (9). As recently described in a much
greater detail elsewhere (6) and when properly
evaluated by specialized immune tests, just
about every second autistic child has elevated
level of antibodies to measles virus. This is not
an exaggeration but a real scientific fact
deriving from solid laboratory research
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PHUCKO HCTpakyBame Koe BKJIydyBa Jena co
TUNMYHa GopMa Ha ayTh3aM, HO HE M Jena
CO ayTHUCTHYEH CIeKap Ha HapylulyBamba
(ACH) mro BKIy4yBa IMOXETEpOTreHa Nujar-
HO3a Ha HEBpOOWXejBHOpATHUTE HapyIIyBa-
wa. Cera e Mo3HATO JieKa BUPYCHUTE HH(EK-
UM ja MEHYBaaT MPOMYCTIUBOCTA Ha KPBHO-
MoO30uHaTa Oapuepa, co IITO CE OBO3MOXKYBa
HaBJIETYBakbe HA HMMYHOJIOLIIKHTE KIETKH U
IMPOTEHHUTE BO MO30KOT. BHarpe BO MO030-
KOT, MHKPOTJIMjAIIHUTE KIETKH HCTO Taka
Mpou3BenyBaaT MNPOMH(IAMATOPHA LUTO-
KHMHHA IITO CC€ BKIYYCHM BO ABTOMMYHUHOT
Mpoliec MO3HAT KaKo HEBPOBOCIHAICHUE WU
BOCIIAJIEHHE HA MO30KOT (2—4).

Tabena 1. UmyHnonowxu oucoananc Kaj
nayueHmu co Hapyuiyearsa Ha HepeHUom

cucmem (HHC)

involving children with typical form of autism
but not the children with autistic spectrum
disorders (ASD) which includes a highly
heterogeneous diagnosis of neurobehavioral
disorders. Virus infections are now known to
change the permeability of the blood-brain
barrier, which permits the entry of immune
cells and proteins into the brain. Inside the
brain, the microglial cells can also produce
pro-inflammatory cytokines that are involved

in the autoimmune
neuroinflammation or

brain (2-4).

process
inflammation of the

known as

Table 1. Immune Imbalance in Patients with
Nervous System Disorders (NSDs)

HapymyBamwa Ha Hmynoperyaatopun T-kiaerku / HUmyHo- ABTOMMYHHTET Hudexuun /
HepBuuoT cuctem (HHC) Immunoregulatory T-cells Hea30p / Autoimmunity Infection
/ Nervous System / Immuno-
Disorder (NSD) surveillance
/14 xnetku I8 xinerku HK xnerku / Mo3zounu Bupycu uinu
romaradu / cynpecopu / NK cells aBTOAHTH Tena / Gakrepuu / Virus or
CD4+ Helper CD8+ Brain Bacteria
cells Suppressor cells Autoantibodies*
Aytmzam / Autism Hamanenu / 3romemenu /Up | Hamanenn / Jla (MBII, Ja (Bupycwu) / Yes
Down Down CEepOTHHUH (Virus)
peuerrropu) / Yes
(MBP, CN,
Serotonin
receptors)
OrcecHBHO-KOMITYJI3HBHO Hamanenu / 3romemenu / Up Hamanenu / Ja (CIT) / Yes Ja (Bakrepuja) /
onnecysate (OKO) / Down Down (CN) Yes (Bacteria)
Obsessive-Compulsive
Disorder (OCD)
Anxajmepoa 6onect Hawmanenu / 3ronemenu / Up Hawmanenu / Jla (AT140 / Yes Jla (Bupyc) / Yes
(AB) / Alzheimer’s Down Down (APA40, (Virus)
Disease (AD) cholinergic cells)
MynTHILIEKC CKIIepo3a Hamanenu / 3romemenu / Up Hawmanenu / Ja (MBII) / Yes Ja (Bupyc) / Yes
(MC) / Multiple Sclerosis Down Down (MBP) (Virus)
(MS)
JlenpecHBHO HAPYIITYBAbHE Hamanenu / 3romemenu / Up Hawmanenu / Jla (Henosuaro) / Ja
(JIH) / Major Depressive Down Down Yes (Not known) | (Bupyc/bakrepuja) /
Disorder (MDD) Yes (Virus/Bacteria)
Anxoxonuzam / Hamanenu / 3romemenu / Up Hawmanenu / Ja (aenosuaro) / Hermosuato / Not
Alcoholism Down Down Yes (Not known) known
msodpennja / Hamanenu / 3romemenu / Up Hawmanenu / Ja (MBII) / Yes Ja (Bupyc) / Yes
Schizophrenia Down Down (MBP) (Virus)
Tourette curapom (TC) / Hamanenu / 3romemenu / Up Hawmanenu / Ja (CIT) / Yes Jla (baxrepuja) /
Tourette’s Syndrome (TS) Down Down (CN) Yes (Bacteria)
CHH/IPOM Ha XPOHHYEH Hamanenu / 3ronemenu / Up Hamanenn / Henosuaro / Not Jla (Bupyc) / Yes
3amop (CXYVY) / Chronic Down Down known (Virus)
Fatigue Syndrome (CFS)

*MBP=Myelin Basic Protein / Muenuxcku ocnosen nporenn; CN=Caudate Nucleus / Jagpo ; AP40=Amyloid-beta-protein (1-40)
/ Amunounen Gera nportenr; Serotonin receptors=Brain receptor proteins that binds to serotonin neurotransmitter / Ceporonux
pELENTOpH = pELENTOPH HA MPOTEMHM BO MO30KOT KOM CE Bp3yBaaT CO HEBPOTpaHCMHTEpPOT ceportonuH; Cholinergic
cells=Acetylcholine neurotransmitter containing cells/Xonunepruunn Kietku
coxapkart kietkd. Bumu ped. #1-7, 10 and 13.

AUETHIXOJIMHCKH HEBPOTPAHCMHUTEPU KOH

JE®EKTOJIOILIKA TEOPHJA U IIPAKTHKA 2015; 16(3-4): 101-112

DOI: 10.1515/JSER-2015-0014

105



*]l DE GRUYTER
— B

G

WORLD EXPERIENCE AND CURRENT EVENTS

3. HeBpoumyn aucdaanc npu
HAPYIIYBaHk-a HA HEPBHUOT CHCTEM
[Ipen oxomy 30 roavHu MOTBpPIUBME JeKa
HAIIMOT WMYHOJIOMIKH CHUCTEM BO ToleMa
Mepa Biljae Ha HamuoT HepBeH cucteM (7).
OBa ro mortukHa A-p CHHT Ja ja mpoydd
yJorara Ha UMYHOJIOUIKHOT CUCTEM TIpH Ha-
pyllyBamaTa Ha HEPBHHOT CHCTEM IOpPaIN
JIB€ TJIABHM TPUYWHA: TPBO, OBAa MOXE Oa
IMOMOTHE JIa C€ OTKpHjaT OMomMapkepH 3a 00-
JIECTH Ha MO30KOT M 32 TICUXWYKH OOJIECTH, U
BTOPO, MOXE J]a TIOMOTHE BO MIPOHAOTramke Ha
HOB IIPHCTAIl BO T€panujaTa co UMYHOJIOLIKH
MOJYJIMPaHU areHTH 3a OBUE HEPBHU HApY-
myBama. OBOj TpyZ BpPOOU CO IUIOA 3aToa
ITO ToJieM Opoj HAYYHHMIM CeTa MpoHaoraaT
MO3UTUBHH pe3ynTatu. CINYHO HA CUTE OC-
TaHATH TUIIUYHA aBTOMMYHH OOJIECTH, MPO-
HajJIcH € eKCIIepUMEHTaJeH JIOKa3 3a aBToO-
HUMYHUTCTOT Ha MO30KOT HJIM HEBPOABTO-
MMYHHUTET Kaj HapyllyBamaTra Ha HEPBHHUOT
cucrem (Buam tabena 1). I[lozutuBHHUTE pe-
3yNITaTH O]l TECTOBHUTE BKIydyBaaT CIeEIHja-
JIM3UpaHn NPOTCUHU HAa UMYHOJIOIIKHUOT CUC-
TeM (Ha IpUMep, aHTUTENA U [IUTOKUHH ), aB-
TOMMYHO TECTUpame, WU HMYyHOTEpaIlyja.
HNmyHoomnkaTa akTuBaigja, mTo € MPBUOT
YeKOp TPH OTIIOYHYBAHHETO CO aBTOMMYHHU-
TET Ce TMOKaXKaya Kaj MalueHTH CO ayTH3aM,
MC, TC u OKH. Ilamuenture co oBue 0o-
JIECTH MCTO Taka ce 0oparT W CO 3roJieMeHO
HUBO Ha aHTUTENa KOM C€ BP3yBaaT CO MO-
304YHUTC IMMPOTCUHU, HA IIPUMEP aHTHUTEJIA BO
nucleus caudatus na 6a3agHHUTE TaHTIMK Kaj
aytuzam, TC u OKH, anTuTena Bo amuiona-
HHOT npoTenH Oera kaj Ab m anTuTena Bo
MHUEJIIMHCKHUOT OCHOBCH ITPOTECHUH Kaj ayTusam
n MC. HUtepecHo € 1a ce HCTakHe JieKa 1oc-
JISJIOBATEIIHO HAa TPBUYHUTE OTKPUTHja HA
arTuTenara Bo hucleus caudatus (rommpano
JUIa00KO BO MO30KOT) Kaj ayTHCTHYHH Jiena
(10), cera HexoM Hay4YHHIM MPOHAOlaaT JI0-
Ka3l 3a CTPYKTYpHH U (PyHKIHOHAIHU
abnopmaiHOCTH Kaj hucleus caudatus na ay-
tuctnyaute geua (11-12). HuTtepdepon-
rama ¥ MHTepJIeyKrH-12, ABaTa MpoTeuHN Ha
MMYHOJIOIIKHOT CHUCTEM KOW TO WHHUIMpaaT
ABTOMMYHHTETOT, UCTO TaKa C€ aKTUBUPAAT
W Kaj TalueHTH CO MO30YHHU 3a00yBamba
(13). Ilomaramy, MHOTY IallUCHTH IIOKa-
’KyBaaT ToJJ00pyBame KOra ce TpeTupaar co

3. Neuro-Immune Imbalance in Nervous
System Disorders
Some 30 years ago, we also recognized that
our immune system vastly impacts our nervous
system (7). This prompted Dr. Singh to study
the role of immune system in NSDs for two
main reasons: First, this might help discover
biomarkers for brain diseases and mental
illnesses, and secondly, it might also help find
novel approach to therapy with immune
modulating agents for these neuro-disorders.
The fruits of labor are now beginning to pay-
off because many researchers are now finding
positive results. Similar to all other typical
autoimmune diseases, the experimental evi-
dence for autoimmunity to brain or neuroauto-
immunity has been found in NSDs (see Table
1). The positive test results include specialized
proteins of the immune system (for example,
antibodies and cytokines), autoimmunity
testing, and immunotherapy. Immune acti-
vation, which is the first step in the onset of
autoimmunity, has been shown in patients with
autism, MS, AD, TS and OCD. Patients with
these diseases also harbor elevated levels of
autoantibodies that bind specifically to brain
proteins, for example antibodies to caudate
nucleus of the basal ganglia in autism, TS, and
OCD, antibodies to amyloid protein-beta in
AD, and antibodies to myelin basic protein in
autism and MS. It’s interesting to point out
that subsequent to the original finding of
antibodies to caudate nucleus (located deep
within the brain) in autistic children (10), some
researchers have now found neuroimaging
evidence of structural and functional abnor-
malities in the caudate nucleus of children with
autism  (11-12).  Interferon-gamma  and
interleukin-12, the two proteins of the immune
system that initiate autoimmunity, are also
activated in patients with brain diseases (13).
Furthermore, many patients also show
improvement when administered with immu-
notherapy using intravenous immunoglobulin,
plasmapheresis, transfer factor, and other
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UMYHOTEpanja co WHTPABEHO3CH HMMYHOT-
no0OynuH, IDIa3Ma-Tepandja, TpaHcdep-pak-
TOp ¥ APYTH UMYHOJIOIIKY areHTH (3, 5, 6).
Bo oanoc Ha Tourette cunapom (TC), enna
CKOpaIllHa CTyJHja TH TI0Bp3a HEBPOTpaHC-
mutepoT xuctamuH kaj TC u TuKOBUTE.
UctpaxyBaunte naeHTHPUKYBasE peTKa My-
tanuja Ha XJ[C-KOMIUIEKCOT KOj r0 Koampa
EH3UMUT |-XUCTHANH JeKapOOKCHUiaza Koj e
BKIYYeH BO XHCTAMHHEPTHYHHUTE HEPBHHU
nateku (14). OBaa crynmuja mpemiara jaeka
narueaTure co TC MoxeOum He cosmaBaaT
JIOBOJIHO XHCTAaMHH W OBOj HEJIOCTaTOK Ha
XHCTaMHH MOXKE JIa JIOBeJle 10 HapyllyBambe
Ha (YHKIWjaTa Ha PELENTOpUTEe Ha XHUCTa-
MHH BO MO30KOT. XHCTAMHHOT UMa pPa3jIny-
HU PElENnTOPH BO MO30KOT, Ha mpuMep X2
Tun Ha perentopu. OcobeHo ¢ BaxxHO X2 pe-
LENTOpUTE Na OWaaT BO 3rolieMeH Opoj BO
KopIyc cTpuarym u Bo nucleus caudatus (15)
— MO304YHa CTPYKTypa Koja € HamajgHarta Kaj
naruedTn co aytuszaM, 1C m OKH (Bumm
ped. #10). 3Haum, MOke da ce Kaxe JeKa
OBHE€ IMNAaIlMCHTH HWMaaT aBTOAHTHUTCIJIA BO
MO30YHHUTE perenTopu 3a X2, UCTO Kako U
aBTOAHTH-TEJIa BO MO30YHHUTE PEIENTOPH Ha
CEpOTOHHMH Kaj sieria co aytuzam (16).

4. HoBu

6oJsecTn
[TocTojaT HEKOM HOBH OTKPHUTHja 3a aBTO-
WMYHOJIOIIKUTE OOJIECTH KOM MOXKaT Ja
Oujar pejcBaHTHH Ha aBTOMMYHHU HapylIy-
Bama Ha HEPBHHUOT CHCTEM.

e ABTOMMYyHHTE OOJIECTH CE TOBP3aHH CO
okcugaTuBHUOT cTpec (OC) — 3HaK 3a
HamaJieHa (QYHKIMja Ha TPOU3BOJCTBO
Ha eHepryja BO MHTpALENyJIapHUTE Op-
TraHCJIi HaApC€UCHU MHUTOXOHIPUH. Ko-
pHUCTejku TH OenuTe KPBHH 3pHIIA, 0CO-
oeno sumorurure, OC e OTKpUEH Kaj
NManmueHTH CO HEPBHO JACTCHCPATUBHU
HapyIyBama Kako AlxajMeposa Ooie-
ct, IlapkuHconoBa Oosiect, mu3odpe-
HUja ¥ ayTH3aM. Bo ojHOC Ha oBa, enHa
HEOJJAMHEIIHA CTyAMja TIOKaXka JieKa
OC BriyuyBa OHOXEMHUCKH AC(PEKT Ha
KIIYYHU MUTOXOHAPHUYHU €H3WUMU HaApE-
gyean HAJIIT okcmmaza. OTKako € OT-
kpueno aeka OC ru kopuctu TuMQoru-
TUTE, OBA OTKPUTHE MOXE Ja Ce UHTEp-
MpeTHpa Kako HaMaJleHO HUBO Ha €Hep-
r'Hja 32 IMYHOJIOIITKUTE KJICTKH, IITO aB-

OTKpI/lTI/lj a 3a aBTOMMYHH

immune modulating agents (3, 5, 6).

With regards to Tourette’s syndrome (TS), a
recent study has linked histamine neuro-
transmitter system in TS and tics. Researchers
have identified a rare mutation in the HDC
complex that encodes 1-histidine decar-
boxylase enzyme involved in histaminergic
neural pathways (14). The study suggests that
the patients with TS might not be making
enough histamine and this reduction in
histamine might impair the function of
histamine receptors in brain. Histamine has
different receptors in the brain, for example H2
type receptors. It is of considerable interest
that H2 receptors are enriched predominantly
in corpus striatum or caudate nucleus (15) — a
brain structure which is also targeted by
autoimmunity in patients with autism, TS,
OCD (see cross-ref. #10). Thus it is tempting
to speculate that these patients might actually
have autoantibodies to brain histamine H2
receptors, much like autoantibodies to brain
serotonin receptors in children with autism
(16).

4. Novel Findings for

Autoimmune Diseases
There are some interesting new findings for
autoimmune diseases that may also be relevant
to autoimmunity in nervous system disorders.

e Autoimmune diseases are associated with
oxidative stress (OS) — a sign of reduced
function of energy-producing intracellular
organelles called mitochondria.  Using
white blood cells, mainly lymphocytes,
the OS has been found in patients with
neurodegenerative disorders including
Alzheimer’s disease, Parkinson’s disease,
schizophrenia and autism. In this regard,
a very recent study has shown that OS
involves a biochemical defect of a key
mitochondrial enzyme called NADP
oxidase. Since the OS was found using
lymphocytes, this finding may be
interpreted as reduced energy level for
immune cells, which could ultimately

JE®EKTOJIOILIKA TEOPHJA U IIPAKTHKA 2015; 16(3-4): 101-112
DOI: 10.1515/JSER-2015-0014

107



DE

DE GRUYTER
OPEN

WORLD EXPERIENCE AND CURRENT EVENTS

TOMAaTCKM MOXeE Ja JIoBele A0 Aucha-
JaHC Ha MMYyHOperylaTopHute T-kierT-
KA W J1a TpeJu3BUKa aBTOUMYHHTET U
BOCHAJICHHE.

[lokaxxano e geka wuHpEpOH-TaMa
(MH®-rama), npouH¢raMaTopeH LUTO-
KHH KOj ce MpOW3BeAyBa O]l CTpaHa Ha
T-kneTkure, ro 3rojJeMyBa IIPUCYyCTBOTO
Ha HMMYHOJIOIIKHOT IIPOTEHH HapedeH
[JIABEH KOMIUIEKC HA XHCTOKOMIIATH-
omraocT (I'KX) Bo mo3okor. UH®-rama
€ IO3HAaT MO TOa JAEKa ja 3rojeMyBa
I'XK BO HepBHUTE KIETKH, U Ha TOj
Ha4YuH ja 3rojieMyBa NPOIYCTIMBOCTA
Ha KPBHO MO304Hara Oapuepa. OTKpue-
HO € JieKa 3roJIEeMEHOTO NMPHUCYCTBO Ha
I'XK e moBp3aHo co aOHOpMaJIeH Pa3Bo)j
Ha MO30KOT, IIITO 3Ha4u JeKa OBOj IPO-
TEUH UMa yJioTa BO HapyIIyBamaTa Kako
aytu3zaMm ¥ mm3odpeHuja. bupaejku
NH®-rama e xiny4eH MHIYKTOpP Ha LU-
TOKHUH IIPU aBTOMMYH OJITOBOp U OWzEj-
KU € 3rojieMeH Kaj MaIeHTH co AJl-
xajMepoBa OOIECT, 3rOJIEMYBameTO Ha
I'XK moxke 51a ce moBp3e U CO aBTOUMY-
HaTa MaToJIOTHja Kaj HapyllyBamaTa Ha
HEPBHHUOT CHCTEM.

OtkpueHo e gexka BUTaMUHOT JI uma
KIIy4Ha yJIora BO aKTHBHPAETO Ha OJ-
OpaHOCHUOT CHCTEM Ha OpPraHU3MoT. Ja
KoHTpompa QyHkimjata Ha T-KIeTkuTe
npu JaBambe e(HEeKTUBEH HMMYHOJOUIKU
OJrOBOp NPOTUB BUPYCHUTE U OAKTEpUU-
te. OTKpUeHO € aeka 06e3 JOBOJIHO BHE-
CyBame€ Ha OBOj BUTaMHUH, KJIETKHUTE-
yOHjII Ha UMYHOIIOIIKHOT cUcTeM — T-
KJIETKUTE HeMa Ja OuaaT BO MOKHOCT
Jla pearnpaar Ha CEpHO3HH HH(EKIUU
Ha TEJIOTO M HEMa Jla MOoXar Ja ce 00-
pat co muB (17). 3Haum, HemOBOIHATA
KOJIMYMHA Ha BUTAMHUHOT [| Moxe na
Mpenr3BHUKa AUcOaTaHCc Ha UMyHOpery-
naropuutre T-kieTku. bunejku obue
KJIETKH ce aDHOpPMAaJHH BO aBTOMMYHHU-
Te OonectH, BUTaMUHOT [| urpa BaxHa
yliora BO HapyllyBamara Ha HEPBHUOT
cucreM. BeynHocT, MHOTY ManieHTH co
HapyllyBamka Ha HEPBHUOT CHCTEM MMa-
aT HEJOCTATOK Ha BUTaMHHOT [l 1 3aTtoa
UM ce IpernopadyBa JHEBEH BHEC Ha
0BOj BUTaMHUH. Bo oHOC Ha OBa, OTKpH-
€HO € JIeKa HeAOCTaTOKOT Ha BUTAMHUHOT
I kaj gema co ayTu3aM W HETOBOTO
OpaJIHO BHECYBalk€ I'M I0A0OpyBa Ka-

lead to imbalance of immunoregulatory T
cells  causing  autoimmunity  and
inflammation.

Interferon-gamma (IFN-gamma), a pro-
inflammatory cytokine produced mainly
by T cells, has been shown to increase the
expression of immune protein called
major histocompatibility complex (MHC)
in the brain. IFN-gamma is well known to
increase the expression of MHC on
neural cells and thereby increase the per-
meability across the blood-brain barrier.
Recently it was found that the enhanced
expression of MHC is related to abnormal
brain development, which would suggest
a role for this protein in disorders like
autism and schizophrenia. Since IFN-
gamma is a key cytokine inducer of
autoimmune response and it is elevated in
patients with autism and Alzheimer’s
disease, the expression of MHC might
also be related to autoimmune pathology
of nervous system disorders.

Vitamin D has recently been found to
play a crucial role in activating immune
response defenses. It controls human T-
cell function to elicit an effective immune
response against invading viruses and
bacteria. It was found that without
sufficient intake of the vitamin, the killer
cells of the immune system -- T cells --
will not be able to react to and fight off
serious infections in the body (17). Thus
the insufficient amount of vitamin D can
cause imbalance of immunoregulatory T
cells. Since these cells are abnormal in
autoimmune diseases, vitamin D will play
a vital role in nervous system disorders.
Indeed, many patients with nervous
system disorders are deficient in vitamin
D and therefore a daily intake of this
vitamin is highly recommended. In that
regard, vitamin D deficiency has recently
been found in children with autism and
the oral intake of this vitamin was shown
to improve core characteristics in autistic
children (18). It is quite possible that
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PaKTepUCTUKUTE Ha ayTUCTHYHHUTE Aela
(18). Mo>kHO € 0BOj BUTAaMHH Ja ja TOI-
paBu ¢ynkumjata Ha T-kierkute; Opoj-
oT Ha T-KkieTkuTe, Kako W HamaJjeHaTa
¢yHKIMja HA OBUE KJIETKH Kaj ayTHuC-
TUYHU JIe11A.

CnaboTo cnueme UM HeIOCTaTOKOT Ha
COH IO 3r0JIEMyBa BOCHAJIEHHETO KaKo
IITO c€ MoKaxyBa npu 3rojemed L[PII.
OBOj cepyMCKH MPOTEHH € MPOTEHH Ha
aKyTHa ¢a3a ¥ € TOBp3aH CO aBTOMMY-
Hute Oosectn. OBa OTKPUTHE € BAXKHO
3a HapyIlyBamkaTa Ha HEPBHUOT CHUCTEM.
Ha npumep, Ha nemara co ayrusam
O0OMYHO MM HeIocTacyBa COH HWIJIM He
cnujat J00po M MMaat 3rojeMEHO HHBO
na [IPII (19).

IlocTon mpuumHa 1a ce BepyBa AeKa Te-
panyja Ha MaTHYHHUTE KIETKHUTE MOXE
Jla UM TIOMOT'HE Ha MaleHTUTEe CO aBTO-
UMYHHU OOJIECTH, BKIy4yBajKu TH M Ha-
pyllyBamara Ha HEPBHHOT CHUCTEM
(HHC). Matuuynute KIETKH, OCOOCHO
THE BO KOCKEHATa CpiK, UMaat yjora Ja
OMJaT UMYHOJIOUIKH KJIETKH KaKoO JINM-
¢ouuture. TH®-rama e npeuoT 4yyBap
o1l MHPEKIMH CO MUKPOOpraHu3Mu. Toj
HUCTO Taka IO PEryiupa HOPMaIHHOT
pa3Boj Ha HMYHOJIOIIKHTE KIJIETKH OJ
KOCKEHaTa Cp)K - JOOMEHHM MAaTUYHU
KJIETKH — IPOLEC MO3HAT KaKo XeMaTo-
noe3a. Enna ckopamHa crynuja moka-
xKyBa neka MH®-rama ro moTTukHyBa
MPOM3BOJICTBOTO HAa UMYHOJIOIIKUTE
KJIETKH OJI KOCKEHaTa CpK - MpeJlH Ha
MaTHYHHTE KIETKH 3a BpeMe Ha
Oakrepucka undeknuja (20). 3aToa mro
NH®-rama e npouH(1aMaToOpeH IHUTO-
KHH, OB OTKPUTHE MMa TOJIeM TOTCH-
nyjasl 32 WMYHOJIOIIKA Tepamuja co
MaTHYHM KIJIETKH 3a HapyllyBamba Ha
HepBHHOT cucteM. OBa Ou Owi HOB
MeXaHH3aM 332 MaTHYHHTE KJIETKH 12
MPOU3BELYBAaT WMYHOJIOIIKH KJIETKH
KoM (PyHKIIMOHHpaaT HOPMaJHO, IITO BO
Teoprja Tpeba Ja TOMOrHAT Ja ce
Ha/IMUHE MMYHOJIOIIKUOT AucOanaHc, a
CO TOA U aBTOMMYHHUTETOT. ANTepHATH-
BEH mpucTan Ou OWI 1a ce UCKOPUCTAT
(haxTopuTe 32 pa3Boj M APYTH XPAHIUBHU
INPOIYKTH 3a Ja ce 00e30equ cpeanHa
Koja Om Omiia KOpHCHA 3a CHTEC MMYHO-
JIOUIKU KJIETKH, HEPBHU KIETKH U ApY-
r'UTe BUIOBU KJIETKU. Mely pa3ziuyHuTe

vitamin D  supplementation  might
improve the function of T cells; the T-cell
number as well as the function is well-
known to be decreased in children with
autism.

Poor sleep or sleep deprivation increases
inflammation as shown by elevated level
of CRP. This serum protein is an acute-
phase protein and is associated with
autoimmune disease. This finding is
relevant to nervous system disorders. For
example, children with autism generally
are sleep deprived and do not have good
sleep patterns and elevated levels of CRP
have been found in children with autism
(19).

There is reason to believe that stem cell
therapy can be used to help patients with
autoimmune diseases, including nervous
system disorders (NSDs). Stem cells, in
particular those of the bone marrow, are
committed to become immune cells like
lymphocytes. IFN-gamma is a front-line
immune defender against microbial
infections. It also regulates normal deve-
lopment of immune cells from bone
marrow-derived stem cells — the process
is known as hematopoiesis. A recent
study has now found that IFN-gamma
prompts and promotes the production of
immune cells from bone marrow pro-
genitor stem cells during bacterial infec-
tions (20). Because IFN-gamma is a pro-
inflammatory cytokine, this finding has
tremendous potential for immune therapy
with stem cells for nervous system disor-
ders. This would be a novel mechanism
for stem cells to produce normally-
functioning immune cells that in theory
should help overcome immune imbalance
and therefore autoimmunity. Alternative
approach would be to use growth factors
and other nutraceuticals to provide an
environment that will be conducive to
yielding immune cells, neural cells or
other type of cells. Among various
factors, vitamin C is being used to culti-
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¢dakTopu, ButamMuHOT Ll ce xopuctu 3a
KyJITUBHpamhe Ha HEPBHUTE KJIETKU BO
TKUBHUTE CUCTEMHU HAa MAaTUYHHU KIIETKH.
Kora myreto momucnyBaaT Ha Tepamuja
CO MaTHYHH KJIETKH 338 HEBPOJIOILIKHU 00-
JIECTH, THE MHCJIAT CaMO Ha MONpaBame
Ha HEpBHHUTE KJIETKH BO MO30koT. Ho,
Tpeba Aa ce HarjgacaT i UMYHOJIOUIKHTE
KIIETKH, OWIejkn THe HMMaar ToJeMO
BIMjaHHe Ha (YyHKIMjaTa HA HEPBHUOT
cucreM. MneanHo kaxaHo, Tpeba na ce
HarpaBu oOWI 1a ce 0OOHOBAaT W HEPB-
HUTE KJIETKM U MMYHOJIOUIKUTE KIIETKH
O MAaTUYHUTEC KICTKH.

3akayuox

Kako 3akiay4ok, HEKOJKY Hay4YHH JOKa3u
npeaiaraaT naroreHa yjaora Ha MMYHOJIOIL-
KHOT AucOaiaHc U MO30YHa aBTOHOMHja Ha
HapyuryBamaTa Ha HepBHHUOT cucteM (HHC).
ITo ce omHecyBa A0 MOHATAMOIITHUTE HACO-
ku 3a HHC, npBHOT 4ekop € BO UOHUTE CTY-
oM fa ce BOpojaT cure manueHTn co HHC
JIOKOJIKYy cakame Jla Ao0ueMe TOYHO BIHja-
HUE U (PUHAHCHCKA TPAHUIA HA aBTOMMYHHUTE
Oosiectn BO Hamiero ommTecTBo. MmyHoTe-
pammjata coO HMYHOJIOIIKM arcHTH HYyIU
HOBH NIPHOJAM KOM BETYBaaT BO JIEKYBambETO
Ha JIMIATa CO BAKBUTE MEIHUIIMHCKU COCTOj-
O0u. ABTOMMYHUTETOT BO MO30KOT (Ha NpH-
Mep, Bp3yBambeTO Ha aHTHOMOTHIIUTE CO aH-
TUTEHUTE BO MO30KOT) MOXE J1a AOBEJE U A0
MpOMEHa Ha MO304YHHWTE OpaHOBH, M TOa Ja
pe3yiaTupa Bo QpyHKIHOHAJEH AucOalaHc Ha
M030Kk0T. OBOj BHJI aBTOMMYHa MOBpeAa Ha
MO30KOT BCYLIHOCT € MHOTY CJIMYHA CO Tpay-
MaTH4HaTa moBpena Ha Mo3okoT (TIIM) u
MOCTETUIINTE MOXKAT Ja Ougatr JO>KHBOTHH.
3Ha4uu, aBTOPOT Ha OBOj TPYA Mpeasiara uMy-
HOJIOLIKAaTa Tepanuja Ja ce AaBa IpBO 3a Ja
JOBeJie 10 ,,AMYHOJIOIIKK OaJiaHCc, a 1oToa
Jla ce aBaar JIeKapcTBa U /1a ce MPUMEHYBa-
aT aNTEepHATHBHU TPETMaHH 32 HAPYIIyBamba
Ha HEPBHHUOT CUCTEM — HJI€ja KOja TOj MPBHUY-
HO ja NPeUIOKH pel OKOoy 6 TOAMHHU, BO
2009 roauna (21). Ilonaramy, HaBemyBa Je-
Ka MMYHOJIOIIKHOT OallaHC 3HAa4Md BOCIIOCTa-
ByBame HOpMasleH OanaHC Ha UMyHOperyJia-
TopHata (yHKIHMja Ha T-KiueTkure (OamaHc
mery T-nomaraum u T-cynpecopu). Hcro
Taka, Tpeba Jla ce WCTaKHEe JeKa OBOj IPHC-
Tam € LEJIOCHO PasiMyeH Of HPUCTANoOT KOj
€IHOCTaBHO ja NOTTUKHYBa WM IOTHCHYBa

vate and harvest neural cells in tissue
culture systems of the stem cells. When
people think of stem cell therapy for
neurological diseases they only think of
repairing nerve cells in the brain. But
there should be more emphasis in recon-
stituting immune cells since the immune
cells vastly impact nervous system
function. ldeally speaking, the attempt
should be to rebuild both the nerve cells
as well as the immune cells from stem
cells.

Concluding remarks

In summary, several lines of scientific
evidence suggest a pathogenic role of immune
imbalance and brain autoimmunity in nervous
system disorders (NSDs). Concerning the
future directions of NSDs, the first step is to
account for the NSDs patient population in all
future epidemiological studies if we are going
to realize the actual impact and financial
burden of autoimmune diseases in our society.
Immunotherapy with immune modulating
agents offers a novel promising approach to
helping people affected with these medical
conditions. Autoimmunity in the brain (for
example, binding of antibodies to brain anti-
gens) may also cause a shift in brain waves
thereby resulting into a functionally “imbalan-
ced brain.” This type of autoimmune injury to
brain would in fact be very similar to traumatic
brain injury (TBI) and the outcome may be a
life-long event. Thus, the author of this article
strongly suggests that the immune therapy
should be administered first to bring about
“Immune Balance” before administering medi-
cal or alternative treatment for nervous system
disorders — an idea he originally proposed
about 6 years ago in 2009 (21). It is further-
more implied that the immune balance means
establishing a normal balance of immuneregu-
latory function of T cells (balance between T
helper and T suppressor cells). It should also
be noted that this approach is totally different
from the approach of simply boosting or
suppressing the immune function which is
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CylpecHWjata Ha HMYHOJOIIKaTa (QyHKIH]ja
ITO MOMEHTAJHO C€ MpaBU 0J MpodecHo-
Haimute Bo cBeToT. OBOj MpHCTal MOXe Ja
Oune cooaBeTeH W eUKAceH Kaj MalMeHTH
KOW 0OMBaaT Teparuja 3a HEPBHUOT CHCTEM
U KOW KOPHUCTAT TEXHOJIOTUHU 3a OajaHCHpa-
e Ha (QyHKOHjaTta Ha MO30KOT. [IpupomHo,
3HAYW, UIMYHOJIONIKHUOT OaJlaHC € MPEIyCIIOB
3a TpeTHpame Ha HapyllyBamara Ha HEPBHU-
ot cucteM. Criopen CBeTckaTa 3/1paBcTBEHA
opraamzanuja (C30) QUHAHCHCKHOT TOBap
32 CHUTE MO30YHHM W TICUXUYKH OOJIECTH ja
HaJIMUHYBa Tpedkara 3a pak W OOJIeCTH Ha
cpuero. buaejku oxonmy 85% ox manueHTUTE
CO HapylllyBama Ha HEPBHUOT CUCTEM MMaat
Hay4YHU JOKa3u 3a AaBTOMMYHHTCET, TOJIEM
Opoj om OBHWE TAIMEHTH MOXE Ja A00ujar
oMo CO UMYHOJIOIIKH 6aﬂaHCI/IpaHI/I METO-
I HACOYCHW KOH aBTOHOMHOCTa Ha MO30-
koT. [IpBHOT Yekop e Aa ce mpu3Hae AeKa ro-
nem 6poj omx HHC kowu BkirydyBaat aBTOUMY-
HUTCT C€ aBTOUMYHHU 6OHCCTI/I CJIMYHHU Ha ME€-
JMIAHCKY TIPU3HACHUTE aBTOMMYHHU OoJec-
Tu. [ToToa, UMYHONOIIKKOT OaslaHC MPBO MO-
pa Ja ce JoKaxe Mpeja HeBpoTepamujara 3a
Jla MOXE JIa UM C€ TIOMOTHE Ha MaIlMeHTUTE
co HHC. Koj3nae, enex neH, He € qaneyHa
HIHUHATA KOTa MOXXeOM JICKOBUTATa MOK Ha
HEBPOMMYHOJIOIIKUTE MOCTANKH 32 OallaHCu-
pame MOXkeOu ke ce MOoKaxe KaKko €JeH O
Haja00puTe OOWIM 3a MOMaramke Ha JIMIaTa
co HHC. OBa noBukyBa Ha 3rojieMEHH €KC-
MEPUMEHTAHN HCTPaXKyBamha U BHUMATEI-
HOCT Ha HUCTPAXYBAUUTC U MCIAUIMHCKHTE
MpohECHOHANIIN HU3 CBETOT.

Kongnukm na unmepecu

ABTOPOT H3jaByBa JicKa HE MOCTOH
KOH(JIMKT Ha MHTEPECH.
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currently done by professionals all over the
world. This approach might be particularly
suitable and effective in patients who receive
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to balance the brain function. Naturally,
therefore, the immune balance would be a pre-
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mental illnesses surpasses that of cancer and
heart disease. Since up to 85% of patients with
nervous system disorders have scientific
evidence of autoimmunity, a huge number of
this patient population could potentially be
helped by immune balancing modalities to
target autoimmunity in the brain. The first step
is to recognize that a vast majority of NSDs
involving autoimmunity are autoimmune
diseases similar to all other medically-recogni-
zed autoimmune diseases. Then, the immune
balance first before the neurotherapy might
very well prove to be a novel approach to
helping patients suffering from NSDs. Who
knows someday in not too distant future the
healing power of neuro-immune balancing act
might very well turn out to be one of the most
important endeavors for helping people with
nervous system disorders (NSDs). This natu-
rally calls for extensive experimental research
and unbiased careful attention of researchers
and medical professionals throughout the
world.
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