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Rezime Abstract 
Pokraj nevrobihejvioralnite simptomi, do 
denes postojano se dokumentiraat promeni vo 
nevrotransmiterite i vo imuniot sistem kaj 
licata so autizam. Me|usebnata komunika-
cija me|u dvata najgolemi adaptivni sistema 
vo ~ovekoviot organizam, centralniot ner-
ven sistem (CNS) i imuniot sistem se odr-
`uva niz pove}ekratni pati{ta i se ostvaru-
va so nevrotransmiteri, hormoni, citokini, 
hemokini i nivnite receptori. Dokazite za 
komunikacija me|u nervniot i imuniot sis-
tem proizleguvaat od univerzalniot koncept 
za nevroimunolo{ka regulacija na homeo-
stazata. Vo ovoj trud se predlagaat nekolku 
mo`ni objasnuvawa za toa kako naru{uva-
wata vo sekoj od ovie sistemi mo`e da vlijae 
vrz nevroimunata komunikacija i da dovede 
do naru{uvawa, kako i imunodijagnosti~kite 
paneli {to slu`at za prepoznavawe na imu-
nopatolo{kite promeni kaj licata so auti-
zam vo Republika Makedonija. 

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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Voved Introduction 
Pokraj nevrobihejvioralnite simptomi, do 
denes postojano se dokumentiraat promeni 
vo nevrotransmiterite i vo imuniot sis-
tem kaj licata so autizam. Me|usebnata ko-
munikacija me|u dvata najgolemi adaptivni 
sistema vo ~ovekoviot organizam, central-
niot nerven sistem (CNS) i imuniot sis-
tem se odr`uva niz pove}ekratni pati{ta 
i se ostvaruva so nevrotransmiteri, hormo-
ni, citokini, hemokini i nivnite recepto-
ri (1). Dokazite za komunikacija me|u nerv-
niot i imuniot sistem proizleguvaat od 
univerzalniot koncept za nevroimunolo{-
ka regulacija na homeostazata. 
Vo ovoj trud }e bidat opi{ani nekolku 
mo`ni mehanizmi i kako naru{uvawata na 
sekoj od tie mehanizmi {to mo`e da ja na-
ru{at nevroimunata komunikacija i da do-
vedat do patolo{ka sostojba. 

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. 

  
Primarnoto imunolo{ko naru{uvawe 
go napa|a CNS  

Primary Immune Dysfunction Targeting the 
CNS 

Centralniot nerven sistem imunolo{ki se 
sledi preku specijalizirana, prilagodena 
forma. CNS ne e celosno isklu~en od cir-
kulacijata - protivtelata, kako i imunite 
kletki mo`e da pominat niz endotelnata 
krvno-mozo~na bariera i da se dvi`at niz 
mozo~noto tkivo. Vrodeniot imun sistem 
vo CNS go so~inuvaat stacionarni kletki 
vo mozo~niot parenhim (mikroglija i as-
troglija) i vo krvosadniot me|uprostor. 
Poznato e deka mikroglijalnite kletki 
imaat osobini na protivgen obrabotuva~ki 
kletki, kako {to e prika`uvaweto mole-
kuli od glavniot tkivnosovpadliv kom-
pleks (GTSK) i kostimulatorni molekuli 
(2). Nivnata imunoregulatorna funkcija se 
ostvaruva preku prika`uvawe protivgeni 
vrz T-Li i polarizacija na T-Li kon cito-
kinskiot odgovor (Tpo1 nasproti Tpo2 
limfociti). Ottuka mikroglijalnite klet-
ki imaat sposobnost da go po~nat imuniot
odgovor kon nadvore{ni protivgeni ili 
kon vnatre{nite degenerativni procesi vo 
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 (Th1 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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Primarnoto imunolo{ko naru{uvawe e 
doka`ano vo nekolku zaboluvawa, vklu~u-
vaj}i gi multiplata skleroza (MS), mijas-
tenija gravis i sindromot na Gilian-Bare 
(Guillian-Barre). Isto taka se najdeni nevro-
bihejvioralni naru{uvawa vo avtoimuni 
gluvci koi spontano razvivaat sistemsko 
lupusovidno avtoimuno zaboluvawe, pri-
dru`eno so posledovatelni promeni vo po-
vedenieto (3).  

Dene{noto znaewe na nevroimunata pato-
logija vo CNS, glavno, e dobieno od ispi-
tuvawata na multiplata skleroza i nejzini-
ot `ivotinski model, eksperimentniot av-
toimun encefalomielit. Multiplata skle-
roza se karakterizira so progresivna ili 
povtoruva~ka nevrodegeneracija od avtoi-
muno poteklo (4). Vo razvojot na zaboluva-
weto mozo~noto tkivo go napa|aat imunite 
faktori od krvotekot i stacionarnite 
imunokompetentni kletki. Toa se iska`uva 
so karakteristi~ni o{tetuvawa na T-Li 
subpopulacii, so pojava na protivmielin-
ski protivtela vo cerebrospinalnata te~-
nost i so lokalen imun odgovor vo mozokot 
preku aktivirawe na mikroglijalnite kle-
tki. Kako posledica na toa, vo mozokot na 
bolnite od multipla skleroza se gledaat 
nevrodegenerativni o{tetuvawa, koi se 
sostojat od demielinizira~ki podra~ja so 
rasfrlani vospalitelni infiltrati {to 
sodr`at T-Li od krvotekot, B-Li koi la~at 
protivtela kon mielinskite molekuli i 
golem broj makrofagi. Vo akutnatata faza 
na multiplata skleroza se zabele`uva ak-
tivna sistemska limfocitna migracija kon 
CNS, dodeka hroni~nata faza se karakte-
rizira so aktivirani mikroglijalni klet-
ki, nasobirawe na makrofagi i pove}e T-
Li. 

Naodite na protivmozo~ni avtoprotivtela 
kaj licata so autizam, zaedno so ~estiot 
naod na avtoimuni zaboluvawa vo nivnite 
familii, sugerira vklu~uvawe na avtoimu-
nitetot barem vo edna podgrupa od licata 
so autizam. Me|utoa, klini~kata slika na 
autizmot ne se sovpa|a so onaa od klasi~na-
ta avtoimuna patologija na CNS.  

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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Sprotivno od multiplata skleroza, kade 
{to prisustvoto na protivmielinski avto-
protivtela vo CNS e zdru`eno so demieli-
nizacija, kaj licata so autizam ne e najdena 
demielinizacija bilo nevroanatomski bi-
lo so magnetna rezonanca (5, 6). Dopolni-
telno ne se najdeni ni glioza ni dokazi za 
vospalitelni promeni ili prethodni anok-
si~ni napadi. Toa uka`uva na otsustvo na 
vospalenie i/ili aktivacija na mikrogli-
jalnite kletki vo mozokot od licata so au-
tizam. Mereweto vospalitelni obele`u-
va~i vo cerebrospinalnata te~nost od lica 
so autizam ne dalo dokazi za vospalenie (7, 
8).  

Mo`e da zaklu~ime deka ako imunoto na-
ru{uvawe e primarnata pri~ina za autiz-
mot, toga{ toa e atipi~no avtoimuno zabo-
luvawe. Ako avtoimunitetot ili drugite 
imuni naru{uvawa u~estvuvaat vo spe-
cifi~nite promeni vo mozokot od lica so 
autizam, se o~ekuva deka ovie promeni se 
slu~ile pred ili vo tek na nevrobihejvio-
ralnite pojavi. Ovie promeni mo`e da se 
sporedat so paraneoplasti~nite nevrolo{-
ki zaboluvawa. Paraneoplasti~nite nevro-
lo{ki zaboluvawa se avtoimuni sostojbi 
{to se javuvaat vo tek na tumorigenezata 
koga malignite kletki po~nuvaat da prika-
`uvaat protivgeni koi normalno se samo 
vrz nevronite (onkoneuralni protivgeni) 
(9). Poradi toa, protivtumorskiot imuni-
tet vo pacientite so paraneoplasti~ni 
nevrolo{ki zaboluvawa predizvikuvaat 
te{ka nevronska degeneracija na re~isi 
sekoja grupa nevroni, vklu~uvaj}i gi i onie 
od limbi~kiot sistem, maliot mozok, reti-
nata, mozo~noto steblo i ‘rbetniot mozok. 
Kaj pacientite so paraneoplasti~ni nev-
rolo{ki zaboluvawa imuniot sistem na-
pa|a samo eden onkonevralen protivgen, koj 
dava specifi~ni nevrolo{ki simptomi. Vo 
po~etokot protivonkonevralnite protiv-
tela vleguvaat vo CNS so difuzija, a potoa 
gi napa|aat kriti~nite funkcionalni 
epitopi (delovi od molekulata), uni{tu-
vaj}i ja funkcijata na protivgenot (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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Vo isto vreme "se pokanuvaat# aktivira-
nite protivgen-specifi~ni T-Li vo mozo-
kot od rezidentnite protivgen-obrabotu-
va~ki kletki {to prika`uvaat onkonev-
ralni protivgeni. Procesot e pridru`en 
so vospalitelna kaskada so lokalno sozda-
vawe citokini. Toa ja zgolemuva propu{-
tlivosta na krvno-mozo~nata bariera {to 
ovozmo`uva ponatamo{no navleguvawe na 
aktivirani T-Li. 
Karakteristi~niot set bihejvioralni sim-
ptomi vo autizmot sugerira deka mo`e da se 
o{tetat samo specifi~ni grupi nevroni. 
Ova se poddr`uva so otsustvoto na golemi 
morfolo{ki naru{uvawa najdeni vo mozo-
kot od lica so autizam (5). Mnogu tesniot 
interval na pojavuvawe na autizmot sugeri-
ra deka nedostigot se javuva vo opredelen 
period od nevrorazvojniot program. Vo 
ovoj smisol, patologijata kaj autizmot mo-
`e da se razgleduva kako aberanten imun 
odgovor kon razvojno prika`anite protiv-
geni kaj podlo`nite individui. Podocna, 
privremenoto prika`uvawe na protivge-
nite predizvikuva pove}e preodno otkolku 
postojano avtoimuno zaboluvawe. Isto ta-
ka, bidej}i nedostigot na normalniot nev-
rolo{ki razvoj se slu~uva vo antenatal-
niot ili vo raniot postnatalen period od 
detskiot `ivot, seriozno treba da se ana-
lizira vlijanieto na maj~iniot organizam 
vrz razvojot na autizmot. 

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. 

  
Defektot vo CNS sekundarno dove-
duva do imuni naru{uvawa 

CNS Defect Leading Secondarily  
to Immune Abnormalities 

Vo vtorata varijanta od nevroimunata pa-
togeneza na autizmot se postavuva kako pr-
vo naru{uvaweto na CNS, koe podocna pre-
dizvikuva imun odgovor. Ovie imunolo{ki 
naru{uvawa podocna mo`e da pridonesat za 
{irewe na o{tetuvawata niz CNS ili da 
ostanat kako epifenomen. Signalite od 
CNS, kon imuniot sistem mo`e potenci-
jalno da se prenesat preku dva pati{ta: 
simpatikusniot nerven sistem (SNS) i 
hipotalamo-hipofizno-nadbubre`na oska 
(HHNO).  

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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Aktivacija na koj bilo od ovie pati{ta 
doveduva do op{ti imunosupresivni i pro-
tivvospalitelni dejstva vrz imuniot sis-
tem (1). Centralniot nerven sistem mo`e 
da gi smeni osobinite na imunite kletki 
dodeka tie patuvaat niz mozo~niot paren-
him. Opi{ani se vlijanija na o{teteniot 
CNS vrz imuniot sistem vo nekolku stu-
dii, kade {to o{tetuvawata na specifi~-
nite podra~ja od mozokot ili stresot pre-
dizvikuvaat promeni vo imunolo{kata sos-
tojba na imuniot sistem vo periferijata 
(krvta) (11, 12). Vkrsteniot razgovor me|u 
CNS i imuniot sistem se ostvaruva so 
upotreba na op{tite citokini i so nevro-
transmiterite. Na primer, citokinite {to 
ja reguliraat hematolimfopoeazata (sozda-
vaweto imuni kletki vo krvta) istovre-
meno ja reguliraat i morfogenezata (sozda-
vaweto) i zreeweto na kletkite vo nerv-
nata sistema (13). Endokrinite hormoni i 
citokinite mnogu ~esto slu`at kako pre-
nesuva~i vo patekite od CNS i go kontro-
liraat nivnoto sozdavawe. Na krajot, de-
nono}nite ritmiki (vklu~uvaj}i gi i imu-
nite odgovori) {to ja koordiniraat fi-
ziologijata na organizmot kako celina, se 
slu~uvaat vo CNS. Naru{uvawata na de-
nono}niot ~asovnik gi menuvaat simpto-
mite na nekoi imuni zaboluvawa, kako {to 
e astmata, revmatoidniot artrit i multi-
pla sklerozata. Najdeno e naru{uvawe na 
denono}niot ~asovnik kaj autizmot i kaj 
drugi patologii na CNS (Vernikeova en-
cefalopatija, Alchajmerova bolest, loka-
lizirani hipotalamusni zaboluvawa). Vo 
ispituvawata na autizmot site ispitani 
lica poka`uvale naru{uvawe vo de-
nono}niot ritam na melatoninot, sugeri-
raj}i hipofunkcija vo pinealnata `lezda 
(14).  

Vo zaklu~ok, dokolku imunite naru{uvawa 
nastanuvaat sekundarno kaj licata so auti-
zam, se o~ekuva mnogu od razli~ni odgovori 
{to variraat od lice do lice. Otsustvoto 
na jasno definiran oblik na imunolo{ko 
naru{uvawe kaj licata so autizam odi vo 
prilog na ovaa hipoteza. 

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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Zaedni~kite naru{uvawa me|u nervni-
ot i imuniot sistem 

Defects Shared between the Nervous and 
Immune Systems 

Zaedni~kite naru{uvawa na CNS i na imu-
niot sistem mo`e da nastanat poradi is-
tovremen nedostig samo vo ovie dva sistema 
od ~ovekoviot organizam ili poradi pri-
marna pri~ina {to e nadvor od ovie dva 
sistema, a vlijae i vrz dvata sistema. Ne-
nevralnite simptomi vo autizmot i drugite 
pervazivni razvojni naru{uvawa ostanu-
vaat nezabele`ani vo sporedba so o~igled-
nata psihijatriska slika. Pove}eto avtori 
objavuvaat neprepoznaeni promeni vo crni-
ot drob i vo digestivniot sistem kaj licata 
so autizam. Najdena e naru{ena crnodrobna 
detoksifikacija ({to ja nadminuva maksi-
malnata tolerancija kaj vozrasni) kaj site 
20 deca so dijagnoza na autizam (15). Naj-
dena e naru{ena propu{tlivost na crevata 
kaj 9 od 21 lice so autizam, no kaj niedno od 
40 kontroli, {to sugerira deka ima naru-
{uvawe vo crevnata mukoza (16). Ponata-
mo{nite studii otkrija hroni~ni gastro-
intestinalni naru{uvawa kako rekurenten 
naod kaj licata so autizam (17). Nie najdov-
me zna~itelno zgolemeni koncentracii na 
IgG4 kaj decata so autizam od dvata pola, 
zgolemeni koncentracii na IgG1 kaj ma{-
kite deca so autizam i zgolemeni vrednosti 
na IgG i IgG1 kaj `enskite deca so autizam 
vo sporedba so nivnite zdravi bra}a, odnos-
no sestri (18). Vo najnoviot trud gi izne-
sovme rezultatite od specifi~nite pro-
tivtela kaj decata so autizam vo Republika 
Makedonija i najdovme deka IgA, IgG i 
IgE specifi~nite protivtela vo plazma za 
alfa-laktalbumin (f76), beta-laktglobulin
(f77), kazein (f78), gluten (f79), i glijadin
(f98), kako i vkupniot IgE se zna~itelno 
zgolemeni (19). Najnovite epidemiolo{ki 
ispituvawa poka`aa deka kaj 18.8% od li-
cata so autizam se najdeni simptomi za gas-
trointestinalni naru{uvawa (20). 

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 (f98), 
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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Avtoimuniot limfoproliferativen sin-
drom (ALPS) e vtor primer za sistemska 
sostojba {to mo`e da se sporedi so pato-
logijata na autizmot. Toa e neodamna pre-
poznaeno zaboluvawe so mutacija na pro-
teinite od Fas-ostvareniot T-Li apopto-
ti~en pat, koj doveduva do op{to naru-
{uvawe na limfocitnata homeostaza i 
normalnata imunolo{ka tolerancija (21). 
Vo najnoviot trud pacientite so mutacija 
na umira~kiot domen od Fas-receptorot i 
manifestaciite na ALPS (22) poka`u-
vaat brza razvojna regresija so autisti~ki 
povedenija vo isto vreme so pojavata na 
ALPS vo 18-mese~na vozrast. Ovie rezul-
tati uka`uvaat deka op{toto naru{uvawe 
na avtoimunitetot kaj decata mo`e da do-
vede do nevrobihejvioralni naru{uvawa 
sli~ni na autizmot. 

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. 

  
Preporaki za imunolo{ko ispituvawe 
kaj lica so autizam 

Recommendations for Immunological Inves-
tigations of Persons with Autism 

Ispituvawe imunata funkcija kaj lica so 
autizam mo`e da se izvede so: Osnoven 
imunolo{ki komplet i so Dopolnitelen 
imunolo{ki komplet. 
Vo Osnovniot imunolo{ki komplet
spa|aat slednive ispituvawa: 
• Imunoglobulinski klasi (IgG, IgM, 
IgA, IgE); 
• Alergolo{ki ispituvawa (serumski 
specifi~ni alergeni od hrana: f76 alfa-
lactalbumin, f77 beta-lactglobulin, f78 casein, 
f79 gluten, f98 gliadin); 
• Imunogenetski ispituvawa (HLA-A, 
HLA-B, HLA-C, HLA-DRB1, HLA-DKu) 
Vo Dopolnitelniot imunolo{ki kom-
plet spa|aat: 
• Imunoglobulinski potklasi (IgG1, 
IgG2, IgG3, IgG4); 
• Avtoantitela vo serum kon mielin 
bazi~en protein (MBP), nevron akson 
filamentozen protein (NAFP), glijalen 
fibrilaren kiselinski protein (GFKP);
• Odreduvawe nivoata na TNF-α, gama-
IFN, IL-2, IL-6, IL-12; 

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: 
• Immunoglobuline classes (IgG, IgM, IgA, 
IgE); 
• Investigations of serum specific food allerge-
nes (f76 alfa-lactalbumin, f77 beta-lactglobulin, 
f78 casein, f79 gluten, f98 gliadin); 
• Immunogenetic investigations (HLA-A, HLA-
B, HLA-C, HLA-DRB1, HLA-DQ);  
In the Additional Immuno-Panel are included fol-
lowing investigations:  
• Immunoglobuline subclasses (IgG1, IgG2, 
IgG3, IgG4); 
• 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-α, IFN-γ, 
IL-2, IL-6, IL-12; 
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• Odreduvawe CD4, CD8, CD26, CD69-
markerite.  
Ispituvawata treba da se napravat kaj de-
cata so autizam, kaj nivnite roditeli i 
kaj bra}ata i sestrite. 

• Determination of CD4, CD8, CD26, CD69 
markers. 
Investigations should be done in the children with 
autism, their parents, and siblings (brothers and 
sisters). 
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