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Pezume

IToxpaj HEeBpOOMXE]BUOPATHUTE CUMIITOMH, JO
JIeHEeC [IOCTOjaHo ce NOKYMEHTUpaaT IPOMEHH BO
HEBPOTPAHCMUTEPHUTE M BO MMYHHUOT CHCTEM Kaj
Juapata co aytmsaM. MefyceOHaTa KOMYyHHKa-
IMja Mefy JBaTa HAJrOJIEeMH aJallTHBHA CHCTEMa
BO YOBEKOBHOT OpraHW3aM, LEHTPATHHOT Hep-
BeH cucteM (LIHC) m uMyHHMOT cucteM ce Ofip-
>KyBa HU3 MOBEKEKPaTHN MATHIITA U CE OCTBapy-
Ba CO HEBPOTPAHCMUTEPHU, XOPMOHH, INTOKWHY,
XeMOKWHM W HUBHHTE perjenTopu. J[lokasure 3a
KOMYyHHKanyja Mef'y HEpBHHOT U MMYHHOT CHC-
TEM MPOMU3JIEryBaaT Off YHUBEP3AIHAOT KOHIENT
3a HEBPOMMYHOJIOIIKA peEryianyja Ha XOMeo-
crazata. Bo 0BOj Tpyn ce mpepanaraaT HEKOJKY
MOXHH oOOjacHyBama 3a TOoa KakKo HapyllyBa-
’aTa BO CEKOj Off OBUE CHCTEMH MOXKE Jla BIHjae
Bp3 HEBpOMMYHaTa KOMYHHKalHja U Aa JOBENe
10 HapyllyBama, KaKO U UMYHOAMjarHOCTUIKNTE
HaHEeNN LITO CIyXaT 3a IpelNo3HaBamke Ha UMY-
HONATOJIOUIKATE IMPOMEHN Kaj NHIAaTa CO ayTH-
3aM Bo Penybnuka MakepnoHuyja.

Kayunu 360posu: ayitiuzam, He8pOUMYHOA02U]A,
umyrooujaznociuuuxku iianeau, Peiiybauxa Ma-
KeooHuja
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Abstract

To date, neurotransmitter and immune abnormali-
ties in autism are the only consistently documented
findings other than neurobehavioral symptoms. Re-
ciprocal communication between two major adap-
tive systems of human organism, the CNS and the
immune system, is sustained via multiple pathways
and is mediated by neurotransmitters, hormones,
cytokines, chemokines, and corresponding cell re-
ceptors. Evidence for a dialogue between them has
emerged as a universal concept of the neuroim-
mune regulation of homeostasis. In the paper we
propose several plausible scenarios of how defects
in either system may affect neuroimmune commu-
nications and lead to the pathology, as well as im-
munodiagnostic panels for recognition of im-
munopathological changes in people with autism in
the Republic of Macedonia.
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MEDICAL TREATMENT

Boeeo

ITokpaj HeBpOOUXEjBUOPATHUTE CUMIITOMH, IO
JIeHeC TI0CTOjaHo ce NOKYMEHTHpaaT MPOMEHHI
BO HEBPOTPAHCMUTEPUTE U BO UMYHHOT CHC-
TeM Kaj JIuiara co aytuzaM. MerfyceGHaTa Ko-
MYHHUKanyja Mefy fiBaTa HajroJIeMU aflallTUBHU
crcTeMa BO YOBEKOBHOT OpraHW3aM, HeHTpal-
unot Hepsen cucrem (ITHC) nm umynunor cuc-
TeM ce OfIpXXyBa HM3 MOBEKEKpPATHM MATHUIITA
U ce OCTBapyBa CO HEBPOTPAHCMHUTEPH, XOPMO-
HH, UUTOKMHH, XeMOKHHH 1 HUBHHTE pelento-
pu (1). Jokasure 3a KOMyHUKAaIHja Mel'y HEpB-
HUOT M MMYHHOT CHCTEM IpOHU3JIETyBaaT Of
YHUBEP3aJIHNOT KOHIIETIT 32 HEBPONMYHOJIOMI-
Ka peryJjangja Ha XOMeoCcTa3ara.

Bo oBOj Tpyn Ke OuWpaT ONHUINAHU HEKOJIKY
MOXXHHM MEXaHM3MHM M KaKO HapyllyBamaTa Ha
CEKOj Of] THE MEXaHU3MH IITO MOXE Ja ja Ha-
PylIAT HEBPOMMYHATA KOMYHHKAIHja H Ja 10-
BeJIaT 10 MATOJIONIKA COCTOjoa.

IIpumaprouwio umMyHoA0WKO HAPYULy8atbe
20 nauaza ITHC

LleHTpanHUOT HEPBEH CUCTEM MMYHOJIOMIKY Ce
clled TpeKy clelyujanu3upaHa, IpuaarofeHa
¢opma. IIHC He e 11e10cHO UCKIIy4eH Off IHp-
KyJanyjaTa - IpOTHBTeNaTa, Kak0 U UMYHHUTE
KJIETKH MOXe Jla TIOMHHAT HU3 €HJOTelHaTa
KpPBHO-MO304Ha Oapuepa W Jia ce ABIXKAT HH3
MO30YHOTO TKHUBO. BpOJEHHOT MMYH CHCTEM
Bo IITHC ro counHyBaaT cTallMOHApHU KJIETKU
BO MO30YHHOT NapeHXWM (MHUKpOIJIHMja M ac-
TpOrJMja) ¥ BO KPBOCAJHUOT MeTympocTop.
ITo3naTo € fAeka MUKPOIJIHMjaIHUTE KJIIETKH
“MaaT OCOOMHM Ha MPOTUBrEeH 00pabOTyBauKu
KJIETKH, KaKO IITO € NPHUKaXKYBAHETO MOJe-
KyJd OJf IJaBHUOT TKHUBHOCOBIAJIUB KOM-
wiekc (I'TCK) u KOCTUMYIAaTOPHUA MOJIEKYJITH
(2). HuBHaTa nmyHOperyiaaTopHa (pyHKIHja ce
OCTBapyBa NpeKy NpHUKa’KyBame IMPOTUBIEHU
Bp3 T-JIu u nonapusamnmja Ha T-JIn KoH 1wmTO-
kuHCKHOT oaroBop (Tmol wacmporm Tno2
mumoruTh ). OTTyKa MUKPOTJIHjaTHATE KIIET-
KI UMaaT CIOCOOHOCT fja FO IMOYHAT UMYHUOT
OArOBOp KOH HAJIBOPEIIHW IPOTHUBIEHU WIH
KOH BHATPEIIHUTE AeT€HEPAaTUBHU NPOLECH BO
HC.

Introduction

To date, neurotransmitter and immune abnormali-
ties in autism are the only consistently documented
findings other than neurobehavioral symptoms.
Reciprocal communication between two major
adaptive systems of the organism, the CNS and
the immune system, is sustained via multiple
pathways and is mediated by neurotransmitters,
hormones, cytokines, chemokines, and corre-
sponding cell receptors (1). Evidence for a dia-
logue between them has emerged as a universal
concept of the neuroimmune regulation of ho-
meostasis.

In this paper we will describe several plausible
scenarios of how defects in either system may af-
fect neuroimmune communications and lead to
the pathology.

Primary Immune Dysfunction Targeting the
CNS

The CNS is subject to immune surveillance,
though in a specialized, adapted form. The CNS is
not completely secluded from circulating immune
factors: antibodies as well as immune cells can
pass through the endothelial blood-brain barrier
and migrate through brain tissues. The innate CNS
immune system is represented by resident cells
within the brain parenchyma (microglia and astro-
glia) and at the vascular interface. Microglial cells
are known to have features of Antigen-presenting
cells (APC), such as an expression of Major Histo-
compatibility Complex (MHC) and costimulatory
molecules (2). Their immunoregulatory functions
feature antigen presentation to T cells and polari-
zation of T-cell cytokine responses (Thl versus
Th2). Thus, microglia cells have the potential to
initiate immune responses to exogenous antigens
or endogenous degenerative processes within the
CNS.
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[IpuMapHOTO WMMYHOJIOIIKO HapyIIyBamke e
JIOKa>kaHO BO HEKOJIKYy 3a00I5lyBama, BKIyUy-
Bajku ru myntumuiata ckieposa (MC), mujac-
TeHWja TpaBUC U cuHAPOMOT Ha ['mnman-Bape
(Guillian-Barre). McTo Taka ce HajaeHn HEBPO-
OUXejBUOpAJIHM HapyllyBamka BO AaBTOUMYHH
TIIYBOM KOW CIOHTAHO Pa3BHBaaT CHCTEMCKO
JYMyCOBUJHO aBTOMMYHO 3aboiyBame, MpH-
APYXKEHO CO MOCIEeAOBATEHN IPOMEHH BO TIO-
BeaeHueTo (3).

JleHeIHOTO 3Haewme Ha HEBpOWMYHaTa IMaTo-
noruja Bo HHC, rnaBHo, € [0GMEHO Off UCIH-
TyBamaTa Ha MYJITHIIJIATa CKIIEpO3a U HEj3MHHU-
OT KWBOTHHCKU MOJIEI, €eKCIEPIMEHTHHUOT aB-
TOUMYH eHIedanomuenuT. MynTumiara ckie-
po3a ce KapakTepusnpa cO NpOrpecuBHa WU
MOBTOpYBayKa HEBpOJETeHepanuja Off aBTOW-
MyHO ToTek0 (4). Bo pa3Bojor Ha 3a60iyBa-
ETO MO30YHOTO TKMBO 'O HamafaaT UMyHHUTE
(hakTOpE OF KPBOTEKOT W CTANMOHAPHUTE
MMYHOKOMIIETEHTHH KieTKu. Toa ce nckaxyBa
CO KapaKTEepHWCTHUYHW oOlNTeTyBama Ha T-Jlm
cyOnomnynanuu, co IMojaBa Ha NPOTUBMUENIVH-
CKU TIPOTHUBTENA BO LiepeOpOoCHMHANHATa Tey-
HOCT ¥ CO JIOKAQJIEH IMYH OATOBOP BO MO30KOT
MPEKY aKTHBHpamke Ha MUKPOIJIMjaHATE KJle-
Tku. Kako nocienuia Ha Toa, BO MO30KOT Ha
GOJHUTE Off MYJITHIUIa CKJepo3a ce Tiefaar
HEBpOJEreHEPAaTUBHE OIITETYBakha, KOM CE
coCTOjaT Of] IEMUEIMHU3MPAUKH TOfipayja co
pacpiiaHn BOCHAIWTENHA WHQWITPATH IITO
copgpxat T-JIn og kpBoTekoT, b-JIu Kou magar
MPOTHUBTENA KOH MUEJIMHCKUTE MOJEKYIH M
roneM 6poj Makpodaru. Bo akyrHaTara ¢aza
Ha MyJITHIIIaTa CKiiepo3a ce 3a0elexKyBa ak-
THBHA CHCTEeMcKa JUM(OIUTHA MATpaIja KOH
IHC, nopmeka xpoHn4yHaTa (pa3a ce KapakTe-
pu3npa co aKTUBMPAHU MUKPOIJIMjaTHU KJIET-
KU, HacoOupame Ha Makpodaru u noseke T-
Jn.

HaopuTe Ha NpOTHBMO304YHHN aBTONPOTHUBTENA
Kaj NWIaTa co ayTU3aM, 3aeHO CO YeCTHOT
Haojl Ha aBTOMMYHM 3a00JyBama BO HUBHHUTE
(hamunuu, cyrepupa BKIydyBamkbe HA aBTOUMY-
HUTETOT OapeM BO €[Ha MOArpyna Of JHuIaTa
co ayTm3aM. MefyToa, KJIMHAYKaTa CIUKa Ha
ayTHU3MOT He ce coBIafa co OHaa Off KJIacuyHa-
Ta aBTonmyHa matosoruja Ha LIHC.

A causative role of primary immune dysfunction is
confirmed for a number of disorders including
multiple sclerosis (MS), myasthenia gravis, and
Guillian-Barre’s syndrome. Neurobehavioral im-
pairments are also found in autoimmune mice
spontaneously developing a systemic, lupus-like
autoimmune disease; disease progression is ac-

companied by a cascade of behavioral changes (3).

The current understanding of the CNS neuroim-
mune pathology has emerged mainly from studies
of MS and its animal model, experimental auto-
immune encephalomyelitis. MS is characterized by
progressive or remitting-relapsing neurodegenera-
tion of autoimmune origin (4). In the course of the
disorder, brain tissues are targeted by both blood-
borne immune factors and by resident immuno-
competent cells. This is manifested by characteris-
tic T cell subset alterations, the appearance of anti-
myelin auto-antibodies in the CSF, and a local im-
mune response within the brain via the activation
of microglia. The resulting neurodegenerative
damage typically seen in the brain of MS patients
comprises demyelinated areas with patchy inflam-
matory infiltrates containing blood-derived T cells,
B cells secreting anti-myelin component antibod-
ies, and a large number of macrophages. The acute
phase of MS features active systemic lymphocyte
migration into the CNS, while the chronic course is
characterized by activated microglia and an accu-

mulation of macrophages with a paucity of T cells.

Evidence of anti-brain auto-antibodies found in
autistic patients together with a clustering of
autoimmune diseases in their families suggests the
involvement of autoimmunity at least in a subset of
autism. However, the clinical features of autism do
not fit the scenario of classical autoimmune CNS

pathology.
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CrnpoTHBHO Of MyJTHIUIaTa CKJIepo3a, Kaje
LITO MPHUCYCTBOTO Ha MPOTUBMUEIMHCKA aBTO-
nportusTena Bo LTHC e 3apyskeHo co femuenu-
HU3alyja, Kaj JumaTa co ayTu3aM He € HajieHa
fAeMueTMHU3anja 6WiI0 HEBPOAHATOMCKHN OW-
JI0 cO MarHeTHa pe3oHanna (5, 6). [Jonomauu-
TEJIHO He ce HajAeH! HU II103a HU AOKa3! 3a
BOCTIAJIUTEIHU IPOMEHH WJIM NPETXOAHU aHOK-
cnyHN Hamajgu. Toa yKakyBa Ha OTCYCTBO Ha
BOCNaJICHWE W/WIM aKTHBalWja Ha MHUKPOTIIH-
jaNHUTE KJIETKU BO MO30KOT Off JIMIaTa CO ay-
TH3aM. MepemeTo BOCHAIUTETHH OOeIeXKy-
BauM BO IiepebpocnHaTHATA TEYHOCT Off JIUIA
CO ayTH3aM He Jalo IoKas3u 3a Bocnanenue (7,
8).

Moke fa 3akiyanMe fieKa ako MMYHOTO Ha-
pylIyBamke € MpuMapHaTa NpUYMHA 32 ayTH3-
MOT, TOTalll TOA € ATUIUIHO aBTOMMYHO 3a060-
JTyBame. AKO aBTOMMYHUTETOT WIJIM APYTUTE
UMYHH HapyllyBamba YydYecTByBaaT BO CIle-
(UIHATE TIPOMEHN BO MO30KOT Of JIUIA CO
ayTu3aM, ce OYeKyBa JleKa OBHE IIPOMEHHU ce
CIly4duJie Tpej Wi BO T€K Ha HEBPOOMXEjBHO-
panauTe mojaBu. OBHE MPOMEHH MOXKeE Jia ce
CropesaT co MapaHeoNIaCTHYHATE HEBPOJIOLI-
Ku 3a0onyBama. [TapaneomiacTHIHUTE HEBPO-
JIOMIKKM 3a00JIyBaka Ceé aBTOMMYHHM COCTOjON
IITO Ce jaByBaaT BO TE€K Ha TyMOpHIeHe3aTa
KOTa MaJINTHATE KJIETKH MOYHYBaaT fia MpHKa-
’KyBaaT NPOTHBIEHH KOM HOPMAaJHO CE CaMo
Bp3 HEBPOHHTE (OHKOHEYPAHW MPOTHUBIEHMU )
(9). Mopagu Toa, MPOTUBTYMOPCKUOT MMYHU-
TeT BO NANMEHTHTE CO MapaHeOIUIacCTHYHH
HEBPOJIOLIKKH 3a00llyBamkba MpPEAW3BHKYBaaT
TelIKa HEBPOHCKAa JlereHepanyja Ha pednch
CeKoja Tpyla HEBPOHU, BKIIYUYBajKU ' U OHHE
O TUMOWYKHOT CHCTEM, MaJIOT MO3OK, PETH-
HaTa, MO30YHOTO cTeOJI0 U ‘pOSTHHOT MO30K.
Kaj mammenTHTEe CO TMapaHEOIUTAaCTWYHHW HEB-
POJIOIIKKM 3a00NyBarba MMYHHOT CHCTEM Ha-
nara caMo efieH OHKOHEBpaJIeH NPOTUBIEH, KOj
faBa crenu(pUIHA HEBPOJIOMIKY cuMIIToMU. Bo
MOYETOKOT NPOTHBOHKOHEBPAIHUTE MPOTUB-
tena BierysaaT Bo LIHC co nudysuja, a motoa
M HamafaaT KpUTUYHUTE (YHKIMOHAIHH
enuTony (JeNOBM O MOJIeKyJjaTa), YHUINTY-
BajK ja pyHKIHMjaTa HAa TpoTuBreHoT (10).

In contrast to MS, where the presence of anti-mye-
lin auto-antibodies in the CNS is associated with
demyelination, no signs of autism-related demyeli-
nation have been found either on magnetic reso-
nance imaging or neuroanatomically (5, 6). In ad-
dition, neither gliosis nor evidence of inflammatory
changes or previous anoxic insult was observed
indicating the absence of persistent inflammation
and/or activation of microglia in the autistic brain.
Screening for inflammation markers in the CSF of
children with autism also found no evidence of

inflammation (7, 8).

We can conclude that, if immune dysregulation is a
primary cause of autism, it is an atypical immune
disease. If autoimmunity or other immune abnor-
malities do account for specific dysfunction in the
autistic brain, these phenomena are expected to
precede and/or occur at the time of neurobehav-
ioral onset. In this regard, the putative mechanism
of autoimmune pathology with an atypical scenario
may resemble paraneoplastic neurologic disorders
(PNDs). PNDs are autoimmune conditions arising
in the course of tumorigenesis when malignant
cells begin to express antigens that are normally
present only on neurons (onconeural antigens) (9).
Thus, the anti-tumor immunity in PND patients
causes severe neuronal degeneration whereby al-
most any group of neurons can be potentially dam-
aged, including those of limbic system, cerebellum,
retina, brainstem and spinal cord. In each PND
case, the immune system targets normally only one
onconeural antigen, giving rise to a discrete set of
neurological symptoms. Initially, anti-onconeural
antibodies may gain access to the CNS by passive
diffusion, and then target critical functional epi-

topes disrupting the function of the antigen (10).
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Bo ucro Bpeme ,ce mokaHyBaaT aKTHBHpa-
HHUTE NpoTuBreH-cnenupuunn T-JIu Bo Mo30-
KOT Of PE3UACHTHUTE IPOTUBIEH-00pabOTy-
BayKW KJIETKH INTO IPHUKAXyBaaT OHKOHEB-
panHu nportuBreHu. Ilpouecor e npuppyXeH
CO BOCHAJIMTENHA KacKaja CO JOKAJIHO CO3fa-
Balke LUTOKMHU. Toa ja 3rojeMyBa HpOMYII-
TIMBOCTA HAa KPBHO-MO304HaTa Oapuepa LITO
OBO3MOKYyBa IIOHATAMOIIHO HaBllETyBame Ha
aktuBupanu T-JIu.

KapakrepucTuyHuoT ceT GUXejBHOPAIHU CHM-
ITOMH BO ayTU3MOT Cyrepupa jieka MoXe fia ce
olITEeTaT CaMO CHeUU(PUYHKM TPyNu HEBPOHHU.
OBa ce nopapXyBa CO OTCYyCTBOTO Ha T'OJEMH
MOP(OJIOIIKY HapyIIyBamka HajAeHNd BO MO30-
KOT Off nuna co aytu3aM (5). MHOTY TECHUOT
WHTEPBAJ Ha M0jaByBamke Ha ayTU3MOT CyTrepH-
pa Jieka HeJTOCTHIOT CE jaByBa BO OIpefesicH
nepruoyy O HEBPOPa3BOJHMOT mporpaM. Bo
OBOj CMUCOJI, TATOJIOTHjaTa Kaj ayTU3MOT MO-
Ke Ja ce pasrieflyBa Kako abepaHTeH MMYH
OATOBOp KOH Pa3BOjHO NMPHKaXKaHUTE MPOTHUB-
reHN Kaj NMOMJIOXKHUTe mHAMBHAyu. ITopgonHa,
NPUBPEMEHOTO TpPHKaxKyBalke Ha IPOTHBre-
HHUTE NPEAN3BUKYBA MOBEKE MPEORXHO OTKOJIKY
[OCTOjaHO aBTOMMYHO 3abonyBame. McTo Ta-
Ka, OufiejKu HEJOCTUIOT HAa HOPMAJHUOT HEB-
POJIOIIKM pa3BoOj ce CIydyBa BO aHTeHaTal-
HUOT WJIW BO PAHWOT NMOCTHATAJIEH MEePUOJ] Of
NEeTCKUOT KMWBOT, CEPHO3HO Tpeba fma ce aHa-
JNA3Upa BIWjaHUETO HA MAjYMHAOT OpPraHU3aM
Bp3 pa3BOjOT HA ayTU3MOT.

Hegpexiuoiu 6o IIHC cexynoapmno oose-
0y8a 00 UMyHU HApYuly8arwa

Bo BTOpaTa BapujaHTa O HEBpOMMYHaTa Ia-
TOreHe3a Ha ayTU3MOT ce IocTaByBa Kako Ip-
BO HapymyBameTo Ha IIHC, koe nmopoiHa npe-
AW3BUKYBa UMYH OAroBop. OBHE MMYHOJIOIIKHI
HapyllyBamka NOJOIHA MOXe fia MpUAOHEecaT 3a
mpewme Ha omreTyBamara HU3 LIHC unm ma
ocTaHaT Kako emnugeHoMeH. CurHaaure Of
IHHC, KkOH UMYHUOT CHCTEM MO3KE IMOTEHIU-
jalHO fa ce IpeHecaT NPeKy fABa IMaTHINTa:
cumnatukycanor HepBeH cucteM (CHC) m
XUIOTalIaMO-XUNO(U3HO-HAIOyOpesKHA — OCKa
(XXHO).

In parallel, activated antigen-specific T-cells are
“invited” into the brain by resident APC presenting
onconeural antigens. The process is accompanied
by an inflammatory cascade including the local
production of cytokines. This, in turn, increases
permeability of the blood-brain barrier and pro-

motes further intake of activated of T-cells.

The characteristic set of neurobehavioral symp-
toms in autism suggests that only specific groups
of neurons may be affected. This is in line with the
absence of gross morphological abnormalities
found in autistic brains (5). Moreover, the very
narrow interval of autism onset suggests that the
failure occurs only within a certain period of the
neurodevelopmental program. If this is the case,
the autistic pathology may be viewed as an aber-
rant immune response to developmentally ex-
pressed antigens in susceptible individuals. Then
the transient antigen expression would cause also a
transient rather than persistent autoimmune proc-
ess. Also, since the failure of normal neurodevel-
opment happens most likely during antenatal or
early postnatal period of a child’s life, an influence
of mother’s organism has to be seriously consid-

ered.

CNS Defect Leading Secondarily
to Immune Abnormalities

The second scenario of neuroimmune pathogenesis
in autism implies that an inherent CNS defect oc-
curs first, triggering an immune response. These
immune changes, in turn, may then contribute to
further spread of CNS damage or remain an
epiphenomenon. The signals from the CNS to the
immune system may be potentially transmitted via
two major pathways, the sympathetic nervous sys-
tem (SNS) and the hypothalamic-pituitary-adrenal
(HPA) axis.
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AxTHBanmja Ha KOj OWJIO O OBWE MaTHUIITa
[OBeAyBa fI0 OMNIITH UMYHOCYIIPECUBHU M TPO-
TUBBOCIAJINTENHU JIejCTBa Bp3 MMYHHOT CHC-
teM (1). LleHTpaTHNOT HEpPBEH CHUCTEM MOXKe
la TH CMEHW OCOOWHUTE Ha MMYHUTE KIIETKHU
flofieka Tue TaTyBaaT HU3 MO30YHHOT INapeH-
xuM. OmnuIillaHu ce BiIMjaHHja HAa OLITETEHUOT
IIHC Bp3 MMYHHOT CHCTEM BO HEKOIIKYy CTYy-
[ny, Kajie MTO OIITeTyBamaTa Ha Crenudmd-
HUTE MOfApadja O MO30KOT WM CTPECOT Ipe-
AM3BUKYBaaT IPOMEHU BO UMYHOJIOIIKATa COC-
TojO0a HAa MMYHHOT CHUCTEM BO mNepudepujata
(xpBTa) (11, 12). BKpcTeHNOT pa3roBop Mery
IIHC u vMyHHOT CUCTEM ce€ OCTBapyBa cO
ynoTpeba Ha ONIITUTE IUTOKWUHUA U CO HEBPO-
TpaHcMmuTepuTe. Ha mpuMep, TN TOKMHATE ITO
ja perynmpaat xemaronumdornoeasaTa (co3fa-
BalkbeTO MMYHU KIIETKM BO KpBTa) HCTOBpe-
MEHO ja peryimpaar u MopcoreHesara (cospa-
BaWkETO) U 3pEeHEeTO Ha KIETKUTE BO HEPB-
Hata cucteMa (13). EHIOKpUHHUTE XOPMOHU U
IUTOKAHUTE MHOTY YEeCTO CIyXkaT Kako Ipe-
HecyBaul Bo natekute of LIHC u ro xoHTpO-
JIUpaaT HUBHOTO co3faBame. Ha kpajor, ne-
HOHOKHHWTE PUTMHKHU (BKJYUYYBajKU TM U UMY-
HHUTE OArOBOpH) WITO ja KOOpAMHUpaatr u-
3MOJIOTHjaTa Ha OPraHW3MOT KaKoO LIeJINHa, Ce
ciyuyBaatT Bo IIHC. HapymyBawara Ha Jie-
HOHOKHHOT YacOBHUK T'M MEHyBaaT CHMIITO-
MUTE Ha HEKOU UMYHH 3a00JyBama, Kako IITO
€ acTMaTa, peBMAaTOUHUOT apTPUT U MYJITH-
mwia ckiepos3ara. HajieHo e HapymryBame Ha
TEeHOHOKHUOT YaCOBHUK Kaj ayTH3MOT U Kaj
npyrn natonorun Ha IITHC (BepHukeoBa en-
HedanonaTtyja, AnnxajMepoBa 0oJiecT, JIOKa-
JIU3MPAHU XWIIOTajJaMyCHM 3a00jyBama). Bo
UCTIATYBamaTa Ha ayTU3MOT CUTE HCIUTAaHU
Juna TOoKaxyBale HapyllyBamke BO Jie-
HOHOKHHOT pHTaM Ha MEJaTOHHHOT, CyrepH-
pajku xurmoyHKIMja BO NMIHEAHATa JKIe3la
(14).

Bo 3akny4oK, JOKOJIKY UMYHUTE HapyllyBamba
HacTaHyBaaT CEKYHJapHO Kaj JInaTa co ayTH-
3aM, ce O4eKyBa MHOTY Of] Pa3iIUIHN OfTOBOPH
LITO BapupaaT of Juue Ao jure. OTCcycTBOTO
Ha jacHO AecduHUpaH OOJIMK HAa MMYHOJIOILIKO
HapylIyBame Kaj JUmaTa co ayTh3aM Off BO
MIPWJIOT Ha OBaa XUIOTe3a.

The activation of either pathway has, but is not
limited to, general immunosuppressive and anti-
inflammatory effects on the immune system (1).
The CNS may also modify properties of immune
cells as they pass through the brain parenchima.
The projection of CNS injury on the immune sys-
tem has been documented in a number of studies
where lesions in specific regions of the brain or
stress stimuli induced changes of immune status in
the periphery (11, 12). Cross-talk between the CNS
and the immune system is sustained through the
use of common cytokines and neurotransmitters.
For instance, cytokines regulating hematolympho-
poesis also regulate morphogenesis and maturation
of nervous cells (13). The endocrine hormones and
cytokines often serve as messengers in the CNS
pathways that control their own production. Fi-
nally, circadian rhythms coordinating whole or-
ganism physiology, including the immune re-
sponse, are generated within the CNS. Perturba-
tions of the circadian clock are known to affect
symptoms of some immune-mediated diseases,
such as asthma, rheumatoid arthritis, and multiple
sclerosis. Interestingly, the circadian clock was
also found impaired in autism and in a number of
brain pathologies (Wernicke’s encephalop-athy,
Alzheimer’s disease, localized hypothalamic disor-
ders). In study conducted on autism, all examined
patients demonstrated abnormal melato-nin cir-
cadian rhythm, suggesting a pineal endocrine hy-

pofunction (14).

In conclusion, if immune changes were secondary
events in autism, one would expect to see a broad
spectrum of responses, varying between individu-
als. The absence of defined patterns of immune
alterations in autistic patients is consistent with this

hypothesis.
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3aeonuyKuiue Hapywy6ara mety HepeHU-
OW U UMYHUOUL cuciiem

3aeaHnukuTe HapyuyBawma Ha IIHC u Ha umy-
HHOT CHCTEM MOXe Ja HacTaHaT MOopaju Hc-
TOBpEMEH HEeJJOCTHT caMO BO OBHE JIBa CUCTEMA
OJ] YOBEKOBHOT OpraHW3aM WIH MOpagd NpH-
MapHa MpHYMHA IITO € HajBOp Of OBHE MiBa
cucTeMa, a BiIWjae W Bp3 JiBaTa cucrema. He-
HEBPAJHUTE CAMIITOMH BO ayTU3MOT W JIPYTHTE
NEpBa3vBHA Pa3BOjHU HapyllyBamka OCTaHy-
BaaT He3abeseXaHH BO cropefda co Ouuries-
HaTa TcuxyjaTpucka ciauka. [ToBekeTo aBTOpHM
o0jaByBaaT Hellpeno3HaeH! MPOMEHH BO IPHU-
OT ApO0 ¥ BO AUTECTUBHUOT CACTEM Kaj JINIaTa
co aytu3aM. HajieHa e HapylieHa IpHOfpoOHa
meTokcudukanuja (ITO ja HAAMUHYBA MaKCH-
MaJiHaTa TOJepaHlyja Kaj BO3pacHU) Kaj CHTe
20 gema co mujarHosa Ha aytusam (15). Haj-
[IeHa € HapylleHa NPONyIITINBOCT Ha [[peBaTa
kaj 9 ox 21 nuue co ayTu3am, HO Kaj HUETHO Off
40 KOHTpOJNU, WITO Cyrepupa JieKa uMa Hapy-
IyBame BO IpeBHaTa Mykosa (16). ITonara-
MOIITHATE CTYAWH OTKpPHja XPOHWUYHM TacTpO-
MHTECTUHAJIHU HapyllyBamba Kako peKypeHTeH
Haop Kaj nunaTa co ayrusam (17). Hue Hajpos-
Me 3HAYUTEJHO 3roJIEeMEHN KOHIEHTpAlUN Ha
Wrl'4 xaj genaTta co ayTu3aMm of ABaTa IoJa,
3rojeMeHu KoHIeHTpauun Ha Mrl'l kaj mam-
KHUTE fielja CO ayTh3aM | 3T0JIEMEHN BPETHOCTH
Ha Ul m Url'1 xaj skeHCKUTE fena co ayTu3am
BO criopef0a co HUBHUTE 37]paBu OpaKa, OffHOC-
HO cectpu (18). Bo HajHOBMOT TpyQ T'M U3HE-
COBME pe3ylTaTHTe Off CIeUU(PUYHUTE MNpo-
THBTEINa Kaj flerjaTa co ayTu3aM Bo Penybnuka
Makenonuja u HajuoBme aeka UrA, Url u
WrE cnenuduyanTe NpoTHBTENA BO IIa3Ma 3a
anda-naktandoymus (f76), 6eTa-nakTrao0yaIuH
(f77), xazeun (f78), rmyren (f79), m rimjaguH
(f98), xako u BkynmHuot WUrE ce 3HauuMTesHO
sroneMenu (19). HajHoBuTe enuaeMHOIOMIKA
UCIUTYBama MoOKaxaa Aeka kaj 18.8% op nu-
IjaTa co ayTH3aM ce HajleHu CUMIITOMH 3a Tac-
TPOMHTECTHHATHU HapyIryBamwa (20).

Defects Shared between the Nervous and
Immune Systems

Parallel changes that occur in both the CNS and the
immune systems in the course of the disease may
be due to a deficiency inherent only to these two
systems or reflect a more complex systemic condi-
tion where the primary source of pathology is lo-
cated elsewhere, but influence to these two sys-
tems. Non-neural symptoms in autism and other
pervasive developmental disorders may remain
unnoticed compared to the more obvious psychiat-
ric features. Multiple reports have suggested un-
recognized liver/gut involvement in autism. Ab-
normal liver detoxification profiles exceeding adult
maximum tolerance were found in all of 20 chil-
dren diagnosed with autism (15). Abnormal intes-
tinal permeability suggesting gut mucosal damage
was noted in 9 of the 21 autistic patients, but in
none of the 40 controls (16). Further studies identi-
fied chronic gastrointestinal abnormalities as recur-
rent findings in autistic children (17). We found
significantly increased concentrations of IgG4 in
the children with autism of both male and female,
increased concentrations of IgG1 in male children
with autism, and increased concentrations of IgG
and IgG1 in the female children with autism in
comparison with their healthy brothers and sisters
(18). In our recent paper we presented the results
of the specific antibodies in the children with au-
tism in the Republic of Macedonia and found that
specific IgA, IgG, and IgE antibodies in the plasma
against alpha-lactalbumin (f76), beta-lactglobulin
(f77), casein (f78)), gluten (f79), and gliadin (98),
as well as total IgE are significantly increased (19).
A recent epidemiological study has estimated
18.8% comorbidity of PDD with sub-clinical gas-

trointestinal symptoms (20).
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ABTOMMYHHOT JuMponponudepaTuBeH CUH-
npom (AJITIC) e BTOp mpuMep 3a cHCTEMCKa
cocToj0a IITO MOXKE Jja Ce CIOpPEed CO MmaTo-
JorujaTa Ha ayTU3MOT. Toa e HeogamHa Tpe-
MMO3HAaeHO 3a00NyBamke CO MyTalyja Ha IMpo-
tenHure of Pac-octeapenuor T-JIu amonrto-
THYeH TaT, KOj JIOBEelyBa [0 OIIITO Hapy-
IyBalkbe Ha JUM(MONUTHATA XOMeocTa3a M
HOpMAaJIHAaTa MMYHOJIOIIKA Tosnepanumja (21).
Bo HajHOBHOT Tpyjd NMAIMIEHTHTE CO MyTalyja
Ha yMHPAYKHOT loMeH of Pac-penentopoT u
Manucecraiuute Ha AJIIIC (22) nmokaxky-
BaaT Op3a pa3BoOjHA perpecuja co ayTUCTUUKU
MOBEJIEHUja BO HMCTO BpeMe cO IojaBaTa Ha
AJITIC Bo 18-Meceuna Bo3pact. OBue pe3yin-
TaTH yKaxXKyBaar JeKa ONIITOTO HapylIyBambe
Ha aBTOMMYHHUTETOT Kaj fleljaTa MOXe fja Jo-
Belie [0 HEBPOOHMXEjBHOPANIHU HApYIIyBarba
CIIMYHU Ha ayTU3MOT.

Ilpeuopaku 3a umMyHONOWKO UCUUILYBAIbE
Kaj auya co aywuiam

WcnutyBame nMyHaTa (pyHKIHja Kaj JUIa cO
ayTh3aM Moxe fa ce usBefe co: OcHoseH
UMYHOAOUWKU KOMiiaeill U co [oiloanuitieneH
UMYHOAOUKU KOMUAEU.

Bo Ocnosnuoii  umyrnosowxu komiineiu
cnaraatr CIeJHABE UCIUTyBama:

e UNwmynorno6ynuucku knacu (Url, UrM,
UrA, UrE);

e AIEproyioOIIKM WCHHUTYBama (CepyMCcKU
cnenuduyHu anepreHu oyf xpaHa: f76 alfa-
lactalbumin, f77 beta-lactglobulin, f78 casein,
79 gluten, 98 gliadin);

e UmyHorenerckun wucnutyBama (XJIA-A,
XIJIA-B, XTTA-L, XJTA-IPB1, XJIA-OKy)
Bo Joiioanuitieanuoii umyHoaowku Kom-
ilaei craraar:

o HNwmynornoGynuucku mnotkiacu (Mrl'l,
Url2, Url'3, Url'4);

e ABTOaHTHTENa BO CEPyM KOH MHEIUH
6azuuen nporewH (MBII), HeBpoH aKcoH
¢punamenrosen nporenn (HA®II), rnujanen
(pubpunapen kucenuncku nporeud (I'OKIT);

e OjppenyBawe HuBOoaTa Ha TH®-o, rama-
NdH, 11-2, NJI-6, NJI-12;

Autoimmune  lymphoproliferative ~ syndrome
(ALPS) is another example of a systemic condi-
tion, which may be relevant to autistic pathology.
It is a recently recognized disease where mutations
in proteins from the Fas-mediated T-cell apoptosis
pathway lead to the general breakdown of lympho-
cyte homeostasis and normal immunologic toler-
ance (21). In a recent report, a patient with a muta-
tion in the death domain of the Fas receptor and
ALPS manifestations (22) demonstrated rapid de-
velopmental regression with autistic behavior coin-
cident with the onset of ALPS at 18 months of age.
These results shows that general outbreak of
autoimmunity in childhood may result in autistic-

like neurobehavioral sequelae.

Recommendations for Immunological Inves-
tigations of Persons with Autism

Immunological investigations of persons with au-
tism can be evaluated with: The Basic Immuno-
Panel, and Additional Immuno-Panel.

In the Basic Immuno-Panel are included following
investigations:

e Immunoglobuline classes (IgG, IgM, IgA,
IgE);

e Investigations of serum specific food allerge-
nes (f76 alfa-lactalbumin, {77 beta-lactglobulin,
78 casein, 79 gluten, 98 gliadin);

e Immunogenetic investigations (HLA-A, HLA-
B, HLA-C, HLA-DRBI1, HLA-DQ);

In the Additional Immuno-Panel are included fol-
lowing investigations:

e Immunoglobuline subclasses
1gG3, IgG4);

e Determination of serum autoantibody level
against myelin basic protein (MBP), neuron-axon
filament protein (NAFP), and glial fibrillary acidic

protein (GFAP);

Determination of plasma level of TNF-a, IFN-y,
IL-2, IL-6, IL-12;

(IgG1, IgG2,
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e OppenyBame 1114, LIS, L1126, LII169-
MapKepure.

HcnuryBamaTa Tpeba fa ce HampasaT Kaj je-
IjaTta co ayTu3aM, Kaj HUBHUATE PONUTENH
Kaj OpaKkaTa u cecTpure.

Baazooapnociu

Tpynor e pgen op mpoekture: ,,CepyMcKH
AMYHOTJIOOYNIMHA W CHeUU(UYHHA alepreHu
OJ] XpaHa Kaj Jina co aytusaMm Bo PenybOnuka
Makenonnja” (#40221400/0) u “XJTA-THK
HCIUTYBama Kaj (paMuInm co ayTu3aM Bo Pe-
ny6sauka Makegonuja” (#40117101/0) ¢punan-
cupaHu o, MUHHCTEPCTBO 3a HayKa M oOpa-
3oBanue Ha Penybnuka Makenonuja. Ocobe-
Ha 0OJlaroflapHOCT UM MCKaXKyBaM Ha pOJM-
TEeNuTe U fAellaTa co ayTu3aM, Ha 3aBOfIOT 3a
pexabunuranyja Ha CIyX, TOBOp M TJIac,
3aBofgoT 3a MeHTalHO 3fApaBje Bo Ckorje,
Crnenujanauot 3aBof Hemup Kamuja u Ha
Wuctutyror 3a pedexronoruja, ®Pumozog-
cku pakynTeT, YHuBep3uret ,,CB. Kupun u
Meronnj“, Ckomje 3a copaboTkaTa BO OBHUE
npoekTu. IloceObHa OmarogapHOCT UM JOJ-
kaM Ha npod. A-p Jbymuo AjamHCKH, TIPOd.
n-p HparocmaB Komaues, mpod. m-p Pucrto
Tletpos u gom. a-p Bragumup TpajrkoBcku of
HNuctutyTtoT 3a pedexrtornoruja, Pumozod-
ckn pakynrer, Ckomje 3a copaGoTKaTa BO
nepuHUpamke Ha NCTpaXXyBamaTa 1 Py U3pa-
6oTkaTta Ha mpoekTuTe. CnemnujanHa Griaro-
JapHOCT UM ucKaxyBaM u Ha Enena 3axa-
pHeBa 3a MOMOIITA TPU 3eMambe NMPUMEPOIHN
Ol KpB, 00pabOTKa ¥ HHUBHO CKJaflpame,
Kako W Ha acucT. A-p AnekcaHpgap [letmmy-
KOBckH, acuct. i-p Ana Crpe3oBa, u Ouo-
texrHonor OmmBuja EduHcka-MnageHoBcka
3a 00paboTKa Ha pe3yJaTaTUTe.

e Determination of CD4, CDS8, CD26, CD69
markers.

Investigations should be done in the children with
autism, their parents, and siblings (brothers and
sisters).
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